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1. Summary 
This study explores ways to reduce the dependency of The Bahamas on oil 
through the deployment of energy efficiency and renewable energy. 

1.1 Energy efficiency 

To identify the potential of energy efficiency on The Bahamas a total 
number of 46 energy audits were conducted in hotels, residential houses and 
public buildings on New Providence and the Family Islands. The 
comparison of the common average practice with the benchmark leads to 
the saving potential (Figure 1-1). We identified the largest electricity saving 
potentials with small hotels at 63% of present average specific consumption. 
The lowest potential is with mid-sized hotels. However the saving potential 
amounts still to almost 50% of present power demand. Overall an energy 
saving potential of 53% can be expected for all existing hotels on The 
Bahamas. This potential amounts to 226 million kWh equivalent to 10% of 
Bahamian total power demand in 2009. 
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Figure 1-1: Assessment of the electricity saving potential in the different hotel classes 
 
There is a wide range of means how this potential can be mobilized: 
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Table 1-1: Means to reduce energy demand in hotels 
 
Besides tourism the residential sector is another major consumer of power in 
The Bahamas. Households consume 40% of all electricity. Energy audits for 
a sample of 18 representative households of vdifferent types have been 
performed. As an example Figure 1-2 depicts the consumption and potential 
savings for normal houses. 
 

Use of passive measures 
• Improve the usage of natural shading and natural ventilation in particular in 

connection with the construction of new hotels 
 
No invest measures 
• Reduction of circulation of pool pump if possible 
• Awareness campaign (in house and for guests) 
• Regular check of temperature of cooling devices (fridges, freezers) 
• Increase of standard set point of the A/C unit in guest rooms – of course the guest 

can change the setting, but after he leaves, the standard set point should be chosen 
(requires training of housekeeping) 

• Switching off appliances which are not in use (e.g. fridge in the guest room if not 
rented) 

• Regular maintenance of all technical appliances 
 
Small installations (low cost measures with payback period up to 1 year) 
• Installation of switches to allow appliances to be easily switched off during off 

season 
• Replacement of incandescent bulbs (with a daily usage of more than 6 hours) with 

CFL’s 
• Shading of chillers to improve efficiency of air conditioning system 
 
Installation of intelligent systems and monitoring 
• Installation of motion detectors  

• to switch off lights if guest leave the room 
• to switch off air conditioning if window is open 
• to increase set point if room is not occupied 

• Monitoring of technical appliances 
• Monitoring of energy consumption 
 
Change of energy source 
• Usage of solar absorbers for pool heating (instead of electrical heating) 
• Usage of solar hot water heaters, e.g. for preheating of the water or for laundry 
• Usage of LPG or diesel for hot water generation (instead of electrical heating) 

• In 2009 LPG costs were 60% of electricity costs 
• In 2009 diesel costs were only 25% of electricity costs 

• Seawater cooling for chillers of the central air conditioning system 
 
Reduction of electricity demand for desalination 
• Water saving by the usage of special fittings, e.g. mixing in air at the faucet or in the 

shower 
• Grey water reuse for the garden and parks
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Figure 1-2: Consumption and potentials in normal houses 
 
In total, our analysis reveals a potential saving of 57% for all Bahamian 
households against present common average practice (Figure 1-3). These 
savings can be achieved if all households would apply the best practice 
technologies we already found in The Bahamas. Since these technologies 
are applied under commercial conditions we deem them all as commercially 
viable. The theoretical potential of savings i.e. if the best globally available 
technologies are applied amounts even to 83%. We distinguish between 
luxury homes, normal houses and small households to reflect differences in 
endowment of electrical appliances and income level. Small households 
have the lowest potential for energy savings both in relative and absolute 
terms. 
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Figure 1-3: Present power demand and reduced power demand in Bahamian 

households due to savings. 



 
 

 
7399P02/FICHT-6472615-v1  1-4 
 
 

 
Good practices we found include: 
• Use of natural ventilation 
• Coloring, shading and planting – minimizing heat gains 
• Cooling only parts of the house and when required 
• Replacement of incandescent bulbs by CFL’s 
• Reduction of energy consumption for security lighting 
• Reduction of electricity consumption for hot water 
• Non-electrical cooking 
 
A comprehensive list of potential means for mobilizing the energy 
savingswere compiled (Table 1-2 and Table 1-3). 
 
Maximize the natural ventilation by shaping buildings with an extended breadth facing the 
wind and little depth. If a building is cooled only by technical means (air conditioning) it 
should be build as compact as possible. 
Buildings should be positioned in a way that they have the largest façade and large 
openings in an angle of 30 to 120 degrees (optimum 90°) towards the prevailing wind 
direction. 
In buildings with an opening in the attic (or roof) and an open space for the air to circulate 
vertically the stack effect can be used for ventilation. 
Ventilate the attic of a building since it is likely that heat accumulates in this area. 
South-North orientation of the building (the windows face to the South and the North. 
Windows facing to the East and the West gain too much heat in the morning and in the 
evening when the sun is low above the horizon – in this case also shading by extensive 
eaves is almost useless) 
The construction of a building should be done in a way not to accumulate too much 
(thermal) mass since heat will accumulate and be radiated during the night. 
Shading of windows with eaves (50% reduction of heat influx, outside shutters ( 70% 
reduction of heat influx) or trees 
Sun curtains could be easily used to reduce the heat load from the sun by 10% if venetian 
blinds with reflective slats are used the reduction can be up to 30%. But: shading from 
outside is much more effective than the use of sun curtains (the temperature behind sun 
curtains is much higher than behind a window which is shaded from outside). 
Use of light colors for outer walls and roof 
Insulation of upper ceiling, the first layer should be reflective foil insulation; additionally 
bulk insulations can be added. 
Planting middle and high growing plants, trees and shrubs in the surroundings of a 
building helps shading it, absorbs light radiation and lowers the temperature due to 
evapotranspiration from the leaves and soil 
Installation of a high efficient central cooling system with single room control 
Leave enough space between two houses in the windward and leeward direction, with the 
objective not to block the wind for the buildings alee. This can be achieved with pattern of 
the roads, the form of the lots, arrangement of open spaces etc. 
The house should be used in a way that the rooms are placed according to their use and 
time of use. A bedroom is best placed in the east, this way it is not heated by the sun in the 
afternoon. Rooms which are occasionally used like laundries or storage rooms can be 
located in the south. 
Table 1-2: Means to reduce cooling demand for buildings 
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The use of digital controllers for the A/C unit allows an accurate setting of the temperature 
Shading of the outside chiller of the A/C unit increase the efficiency and reduces the 
electricity consumption of the A/C unit 
Increase the target temperature to which the building are to becooled down 
Use of solar water heaters for residential homes could save about 10 to 15% of the 
electricity used in the household sector 
Flow water heaters instead of hot water storage tanks to reduce radiation losses of large 
and badly insulated storage tanks (can reduce the electricity consumption for hot water 
preparation up to 50%) 
Use of horizontal axis washing machine which has a lower water demand. 
If solar hot water is produced the washing machine should have a hot water intake 
The replacement of incandescent bulbs with CFL’s usually has a payback period of about 
1 to 2 years, depending on the usage of the lighting. A CFL saves about 60% to 80% of 
electricity if compared to an incandescent bulb. If a bulb with 60 W that is installed for 
example in the living room and lighted for five hours per day, is replaced by a CFL with 
14 W, the annual savings would be of 84 kWh. This represents with rate of 0,25 $ / kWh 
savings of approximately 21 $ per year and bulb. 
Use of motion detectors for outside security lights. A motion detector that runs on 4 W and 
reduces the lighted time of a security light to ten minutes per hour saves at least 310kWh 
per security light with 150 W and a runtime of 7 hours per day. This represents 77$ per 
year and security lamp. 
Turning off a light when it is actually not needed for one hour a day can save 22 kWh per 
year representing 5.50 $ per bulb, supposing it is equipped with a 60W bulb 
Switching off the TV when nobody is really watching. On average there are 3.6 TVs in 
one household being switched on for 5.2 hrs per day. That are almost 19 television hours 
per household. If only one TV would be switched on for 5 hrs per day this could save 920 
kWh per year, representing 230 $. Each hour in which the TV is on costs about 5 cents 
of electricity even when no one is actually watching. 
The replacement of old inefficient appliances (e.g. fridge, freezer, computer) can save up 
to 50% to 70% of energy. 
In the case that an electrical device needs to be replaced the Bahamian people should be 
informed about the possibility to buy high energy efficient appliances 
Using laptops instead of desktop computers saves up to 90% of the needed energy 
Pool pumps should be used in a discontinuous way and not all the time through 
To avoid stand by losses e.g. TV and computers should be plugged in a multi switch, 
which allows to really switch them off. The costs for these multi switches are about 15 $. 
The more appliances are connected the shorter the payback period. As an average a 
payback period of about 1 year can be assumed. 
Table 1-3: Active means to reduce power demand in buildings 

 
As most of the potable water on The Bahamas has to be produced with RO 
plants – which consume electricity – the saving of water can also save 
energy. 

• Water saving by the usage of special fittings, e.g. mixing in air at the 
faucet or in the shower 

• Grey water reuse for the garden and the toilet flush 
• Use of horizontal (water consumption of about 13 to 16 gals) instead 

of vertical washing machines (water consumption of 40 to 60 gals) 
 
We estimate the total potential from electricity savings in existing buildings 
with the residential sector and the hotel sector at around 605 GWh 
equivalent to 27% of present power demand. 
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1.2 Renewable energy 

The potential of renewable energy on The Bahamas is estimated. Further 
different renewable energy technologies are identified best suitable under 
the particular conditions of The Bahamas. 

1.2.1 Potential of renewable energy 

We have estimated the potential of renewable energy for power generation. 
We have only considered renewable energy technologies presently mature 
and generally feasible under the conditions of The Bahamas. The theoretical 
potential is mainly based on the availability of suitable areas and roofs. We 
used a Geographical Information System for this analysis. The technical 
potential is defined as the maximum generation yield on suitable lands and 
roofs considering natural and technical restrictions like exclusion of nature 
protection areas, suitability of lands for certain plants, or possible density of 
wind power plants. For bio energy the analysis was restricted to the 
domestic pine to avoid potential environmental risks with invaded species. 
Further pine is the only biomass resource available in larger amounts in the 
next ten years. In total a potential of more than 100 TWh per year were 
identified as technical potential (Table 1-4). This is 47 times the present 
power demand of the Bahamas. The potential is thus more than sufficient to 
cover also future power demand increase. 
 

Technology Technical potential Structural potential 
Solar Water Heaters 
(entire Bahamas) 

7.5 TWh/a 299 GWh/a 

Building integrated Photovoltaic 
(New Providence; Grand Bahama) 

 
3 TWh/a 

 
- 

Open-field PV Power plants 
(entire Bahamas) 

 
12 TWh/a 

2010: 644 GWh/a 
2020: 811 GWh/a 

Wind Power 
(entire Bahamas) 

 
82 TWh/a 

2010: 598 GWh/a 
2020: 810 GWh/a 

3.7 TWh/a  
(Pinus caribaea on all suitable areas)  

 
- 

Bio energy; for electricity 
generation from Pinus caribaea 
(Abaco, Andros, Grand Bahama, 
Eleuthera) 1.3 TWh/a 

(with present Pinus caribaea) 
2020: 375 GWh/a 
(with present Pinus 
caribaea) 

total 108.2 TWh/a 2020: 2.3 TWh/a  

Table 1-4: Potential of Renewable Energies for Power Generation 
 
In a second step we have calculated the structural potential where in 
particular restriction from the ability of the various island grids to 
accommodate the renewable energy generation were considered. The 
structural potential would allow for covering the entire present power 
demand. Solar water heaters on roofs can thereby easily supply the entire 
hot water demand. 
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1.2.2 Solar water heaters  

The high solar irradiation and the hot climate on The Bahamas create very 
favourable conditions for the use of solar water heaters to substitute 
electrical water heaters. They are both economical and commercially viable. 
For single family houses three different SWH systems were found most 
suitable depending on affordability and comfort requirements  
 

1. For households where people can accept that hot water leaves the tap 
only at gravity pressure, an open-loop unpressurized vacuum tube 
thermosiphon will be the best choice. This system displaces power 
for heating hot water at least cost i.e. BSD 0.09 - 0.11 /kWh. 

2. For households with normal standards an Integrated Collector 
System (ICS) or an open-loop thermosiphon without a backup 
system is the best choice. The absence of an electrical backup system 
imposes the risk that on a few days of the year water is not as hot as 
usually required. Power displacing costs are between BSD 0.13 - 
0.17 /kWh.  

3. For households with high standards an ICS or an open-loop 
thermosiphon with a backup system is proposed. Despite not being 
as cheap as the other proposed technologies, these solutions still 
offer a very beneficial economic balance with having to accept the 
least compromises. Power displacing costs are between BSD 0.17 - 
0.20 /kWh. 

1.2.3 Solar power 

The high solar irradiation is also favourable for generating power with 
Photovoltaic (PV) power plants. PV can be integrated into buildings or on 
green-field the later usually less expensive and with the possibility to erect 
plants in utility scale (i.e. some MW). The present technology status suggest 
mono- or polychristalline modules best suitable for buildings whereas 
thinfilm modules are particular favourable for green field plants. Tracking is 
not recommendable both for technical and economical reasons. These 
recommendations are somewhat time dependent. With prices and 
performances developing differently for different technologies other PV 
technologies might be preferential in the future.  
 
At the present status, PV can supply power at costs of BSD 0.237 - 0.438 
/kWh depending on technology and underlying Weighted Average Costs of 
Capital (WACC) (Table 1-5). Thus PV cannot compete with BEC avoided 
costs of power generation which are BSD 0.162/kWh, BSD 0.176/kWh on 
New Providence, The Family Islands respectively. However, PV gets closer 
to economic competiveness when BSD 100/ bbl fuel costs instead of BSD 
70/bbl are assumed for fuelling the conventional power plants. Then, 
avoided costs amount to BSD 0.226/kWh, 0.240/kWh for New Providence, 
The Family Islands respectively. For private households, PV is very close to 
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be commercially viable when assuming a low WACC of 9% which is more 
typical for these users than 12%. Then, PV generation costs of BSD 
0.322/kWh competes with electricity tariffs of BSD 0.312/kWh. 
 

Present LEC 
Prospective 

LEC 
WACC 9% 12% 9% 12%

Thin film fixed 0.237 0.284 0.119 0.142
Polychrystalline fixed 0.295 0.353 0.163 0.192
Monochrystalline fixed 0.294 0.355 0.158 0.188

O
pe

n 
fie

ld
 

Monochristalline 1 Axis 0.364 0.438 0.182 0.219
PV household 0.322 0.386 0.161 0.193

Table 1-5:  Levelised electricity generating costs of different pv systems in 
BSD/kWh 

 
Further substantial future cost reduction for PV might be expected. For 
instance the International Energy Agency expects investment cost 
reductions for PV of 70% from the current BSD 4000-6000/kW down to 
BSD 1200-1800/kW by 2030, with an important cost reduction of at least 
40% already being achievable by 2015 (and -50% by 2020)1. We have 
applied an investment cost reduction of 50% against present investment 
costs (right columns in Table 1-5). Even though this cost reduction might 
not occur to all PV technologies evenly this analysis still depicts that PV 
may very soon achieve economic viability (against BEC’s avoided variable 
costs) as well as commercial viability (against BEC’s household tariffs). 
 
A technological alternative to PV are Concentrating Solar Power (CSP) 
plants. However, a comparison between the requirements and the prevailing 
conditions on The Bahamas shows that most factors are disadvantageous for 
the application of CSP. Especially the low direct irradiation would make a 
CSP plant economically inferior to PV plants. Further cost increases 
because of optimized support structures caused by high wind loads would 
further increase the levelised costs of electricity generation. Local hurricane 
risks are very unfavorable for large, vertically oriented equipment like CSP 
technologies. Beside the meteorological conditions the relatively small sizes 
of electrical grids is a limiting factor for CSP: In order not to have adverse 
effects on the grid, only a rather small plant could be installed leading to an 
increase of specific investment costs. These factors make CSP severely 
inferior to PV for an application in The Bahamas. 

1.2.4 Wind power 

Past and ongoing wind emasurements on different locations are used to assess 
the wind resource on The Bahamas. There is a good match between these 
ground based measurements and satellite measurements. This allows assessing 
the regional wind regime for the entire of The Bahamas. The wind regime is 
rather uniform with prevailing eastern winds all over The Bahamas. Average 
                                                 
1 International Energy Agency: Projected costs of generating electricity.2010 Edition. Paris. 
2010 
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wind speeds in the range of 5 m/s in 30 m height were measured which is only 
a mediocre resource in international terms. Specific local conditions like 
surface roughness may decrease these winds significantly. 
  
For four potential sites of wind power plants pre-feasibility studies have been 
conducted, two sites on Grand Bahama, two sites on New Providence. On 
Grand Bahama, they are situated on the western part of the island. Here, 
infrastructure is particularly well developed. Further, the load centers and the 
fossil fired power plant are situated in this part of the island so that the 
enforcement of the grid is minimized. The site on the south coast allows one 
long row of wind turbines accommodating 34 MW of wind power. The second 
site on the north coast can accommodate a square shaped wind farm consisting 
of several rows of wind turbines with a total performance of 54.4 MW. On 
New Providence potential sites are south of Nassau International Airport and in 
the shallow waters south of the island). The first site can accommodate a 
square shaped wind farm consisting of several rows of wind turbines with a 
total performance of 45 MW. The other site in the shallow waters south of the 
New Providence can also accommodate a square shaped wind farm with a total 
performance of 96 MW  
 

Wind farm project Unit Grand Bahama New Providence 
    South  Near Port South of Near Shore
    Coast  Airport  
Total power MW 34 54.4 45 96 
Mean wind speed in hub height m/s 5.8 5.6 5.5 6.6 
Number of WTGs # 40 64 30 64 
Turbine size  MW 0.85 0.85 1.5 1.5 
Turbine size rotor diameter m 52.0 52.0 77.0 77.0 
Turbine size hub height m 49.0 55.0 80.0 70.0 
Turbine total height m 75.0 81.0 118.5 108.5 
Annual net generation  MWh/y 49,325 69,680 49,306 200,531 
Total investment costs  mill $ 63.9 100.6 96.9 321.0 
per kWh $/kWh 1,880 1,849 2,153 3,343 

Table 1-6: Cost and performance data of investigated wind power projects 
 
If no capacity credit is granted than wind power plants solely avoids 
variable costs of power generation. At an oil price of BSD 70/bbl, BSD 
100/bbl avoided variable costs are ct 16.2/kWh, ct 22.6/kWh respectively 
for New Providence. We assume similar data for Grand Bahama. At 
BSD 70/bbl only the Near Shore project is almost economical viable (Table 
1-7). At BSD 100/bbl all projects besides the Airport project are economic 
viable. Even though the investment cost is assumed 55% higher for the near 
shore project than for the Airport project, the generation costs ends up to be 
50% lower. This just illustrates how important the wind speed and thereby 
the surrounding roughness is. However, the Near Shore project involves 
more uncertainties than the onshore projects. Further investigations are 
needed to confirm the low costs. To a start mapping the water depths, for 
evaluation of if it is an option to create dikes – and the costs related to this. 
Also the environmental impact has to be investigated. Finally the wind 
conditions need to be investigated in more detail. One may consider starting 
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with only a small tranche of some 20 MW in a first step to gain more 
experience. This is also because almost 100 MW of wind power will be 
ambitious to be accommodated in the current grid. The project option south 
of the airport is not viable due to low wind speed and the closeness to the 
airport. Both sites on Grand Bahama seem to be suitable for wind power 
generation. 
 

Capacity Levelized electricity costs 
at different Costs of 

Capital (WACC) ct/kWh 

MW 9% 12% 
Grand Bahama South Coast 34 15.1 17.8 
Grand Bahama Near Port 54 16.8 19.8 
New Providence South of Airport 45 26.7 31.4 
New Providence Near Shore 96 13.9 16.3 

Table 1-7:  Levelised electricity generating costs (LEC) of wind power projects 
 

1.2.5 Ocean energy 

The data sources for this study were considered adequate for an initial 
assessment. Further data would be required before any development 
decisions were made. In particular some confirmation of the sea surface 
temperature data near New Providence and some tidal flow measurements 
in Eleuthera and Abaco would be required. 
 
There are three potential sources of ocean energy on The Bahamas: 
• Wave energy 
• Tidal energy 
• Ocean thermal energy 
 
Wave Energy 

The wave energy was studied at ten sites extending along the coastlines 
from west of Freeport in Grand Bahama to Mayaguana Island. The sites are 
located along the eastern boundary of the Bahamas and face the 
predominant wave approach directions. There were four sites where the 
resource level was estimated at 10 kW per metre with the others being at 
around 8 kW/m. This is about the same level as in the Southern North Sea in 
Europe where a number of development trials are ongoing. 
 
Given that the level of the wave energy resource is around 10kW/m it would 
be expected that the economic costs of the electricity produced by wave 
energy convertors would be high. There is no limit to the level of the 
theoretical resource as it occurs extensively along the eastern coast. It would 
be important to match the electricity demand centres to the resource and so 
it would be expected that small scale installations relevant to the outer 
islands would be most appropriate. The practical resource would therefore 
be limited. 
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Devices like the Seabased machines with unit sizes of around 15kW could 
be relevant here, the devices designed to produce large power units would 
probably be located too far from the load centres to be economic as the sites 
are remote from the main population centres. The expected cost of 
electricity from these devices after the development has been completed is 
around the same as that of offshore wind turbines. The costs at this time are 
highly speculative as no commercial machines have been produced. 
Estimates of the CAPEX come out at up to $5,000 per MW and the LCOE 
estimates vary from $0.13 to $0.30 per kWh when large scale deployments 
have taken place worldwide. The timescale for first availability of 
commercial machines is estimated to be after 2015. 
 
Tidal energy 
There were no available current speed data available for any of the sites 
identified in the Bahamas. A number of potential sites were identified in 
islands with significant populations to justify development. These were – 
Eleuthera, Abaco and Great Exuma. 
 
It is difficult to estimate the potential for the development of tidal stream 
resources in Bahamas as there are few sites with high flow velocities. The 
sites that do exist may be restricted by needs of navigation and other 
constraints. The costs of tidal stream generators will come in at about the 
same value as that of wave energy convertors. Again the devices will not 
become commercially available until around 2012/2013. The advantage of 
the tidal stream resource is that it is highly predictable and small scale 
deployments may be suitable to remote communities. 
 
Ocean thermal energy 
There were two main potential locations for the development of an OTEC 
plant. These are located near large population centres. One is west of New 
Providence and the other is west of Grand Bahama, At both of these sites 
there was a temperature difference of more than 20 degrees C and for about 
7 months the difference was above 24 degrees. This makes these sites 
suitable for the development of OTEC power plants. The electricity 
produced by an OTEC plant is base load and so the installation must be 
sized to fit into the island grid receiving the power. In the case of New 
Providence a maximum plant size of around 50 MW could probably be 
considered. The development of OTEC technology is ongoing and there are 
no commercial systems operational at present. The current estimates for 
CAPEX are in the region of $ 8,000 per MW with levelised electricity costs 
between BSD 0.16 and BSD 0.20 /kWh. Commercial power plant 
development is ongoing in U.S. at present in particular by Lockheed Martin. 
They expect power plant to be available commercially within the next five 
years. 
 
Conclusion 
The most suitable technology for large scale power supply from the ocean in 
Bahamas is OTEC with a potential installed capacity of several 10’s of MW. 
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1.2.6 Bio energy 

We compared different potential energy crops on their suitability to provide 
fuels for power plants. Following criteria for the selection were applied: 
 
• Plant characteristics with respect to final product use 
• Climatic requirements of the plants 
• Avoid alien species which are (potentially) invasive  
 
Our analysis shows that only three species qualify for cultivation as solid 
biofuels: 
 
• Sugar cane: A perennial species that can be harvested on an annual basis. 

It achieves high annual growth rates if planted on heavy soils with high 
nutrient content. 

• Bamboo: A tall woody grass species that can be harvested after several 
years (4-7 years). The yield of bamboo mainly depends on the species. 
Under good growth conditions the annual productivity can be similar to 
that of wooden tree species.  

• Pinus caribaea, a native tree species with long rotation cycle (around 15 
years for solid fuel production) 

 
The production of solid biofuel from sugar cane requires the smallest 
plantation area in comparison to Pinus caribaea or bamboo as sugar cane 
shows the highest biomass productivity. Nevertheless there are various 
negative environmental impacts associated with sugar cane cultivation. To 
achieve optimal growth rates sugar cane production depends on a high water 
availability resulting in an annual water demand of 1,500 – 2,000 mm/year. 
This significantly exceeds the average annual precipitation on The Bahamas 
which is around 1,300 mm/ year and therefore requires artificial irrigation 
for sugar cane cultivation leading to a high water withdrawal. But even in 
areas where sugar cane growth relies on rainfall, the crop can influence river 
flows by intercepting the run-off from the catchment into rivers and by 
tapping into ground water resources.  
 
Besides the high water demand the crops in general requires high amounts 
of fertilizers, especially Nitrogen, Phosphorous and Potassium and 
insufficient or imbalanced nutrient supply in sugar cane plantations leads to 
a rapid decline in yield. Intensive fertilizing not only increases the 
management costs but also reduces the climate benefit of such plantations as 
the energy input for fertilizer production is considerably high.  
Taking into consideration the ecological disadvantages of growing sugar 
cane and the technological restrictions, it is not recommended to grow sugar 
cane as solid biofuel feedstock on The Bahamas. 
 
The analysis of land-use and vegetation shows that huge areas on Abaco, 
Andros and Grand Bahama (in total more than 150,000 ha) are naturally 
dominated by Pine forest and that there are no distinct bamboo forests on 
the islands. This indicates that in comparison to bamboo Pinus caribaea is 
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naturally the most competitive and best adapted species with regard to the 
climatic and ecological conditions of The Bahamas. This qualifies Pinus 
caribaea as biomass feedstock for solid biofuel production on The Bahamas 
although it shows a slower growth rate than bamboo. 
 
It was further analysed how the biomass resource is best converted into 
power. The availability of a common electric grid with submarine cables 
can not be assumed for the near future. As a consequence, either the 
biomass has to be transported or the production of electricity has to be 
limited to the extent to which the biomass potential matches the electricity 
demand. However: 
 
• Transportation of untreated biomass is not a suitable option because of 

the low energy density of biomass in conjunction with the need to load / 
unload the biomass to ships. The overall costs for transport would be too 
high. 

• Pretreatment technologies for biomass like torrefaction or flash pyrolysis 
have the potential to contribute to an optimized biomass utilization 
scheme, but have not yet the technical maturity which is required.  
 

As a consequence, biomass utilization should take place to the extent to 
which the electric demand at one island can be covered by the biomass 
cultivated at the same island. It is assumed that as a starting point only pines 
forests will be cultivated and used. Wood is advantageous under a technical 
point of view and pines are ecologically positive.  
 
Under these constraints there is a potential for 8 MWel from biomass at 
Abaco and for 42 MWel at Grand Bahamas. This would result in a yearly 
power generation from biomass of 375,000 MWh which equals to approx. 
12.5% of the total expected demand of the Bahamas in 2010. The capital 
cost for one generic biomass power plant with 5 MWel net output is 
estimated to be about BSD 19 mln. For a plant with 20 MWe the respective 
figure is about BSD 59 mln. The final dimensioning of plants has to be 
carried out at a later stage depending on site availability and optimizing 
biomass logistics and grid tie-in. The power generation costs will be in the 
range of BSD 100 to 200 per MWh, strongly depending on the cost of 
biomass. 
 
Based on first experiences with these plants the cultivation and use of 
biomass can be extended. The theoretical potential is much higher if 
pretreatment and transportation is assumed. 

The efficiency of the use of waste edible oils in an engine is higher than 
gasification or esterification and combustion in an engine. Additionally, the 
use of waste edible oils requires preheating for an optimized viscosity, 
which is easier to realize in stationary plants. Hence the production of 
biodiesel is recommended for the substitution of fossil fuel for vehicles, 
while the use of vegetable oil or waste edible oil is recommended for 
stationary engines in power plants for electricity production. Investment 
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costs are estimated to be about 350,000 BSD for expansion of an existing 
power plant for the use of edible oils. 

1.3 Scenarios on power demand and renewable energy deployment 

Two possible developments of the power demand until 2030 are developed. 
Based on that it investigated how much renewable energy could be deployed 
cost effective by 2030.  

1.3.1 Scenarios on power demand 

For the future power demand, two different scenarios are derived. The first 
scenario is provided by BEC. We have considered this as a Business-As-
Usual (BAU) scenario where past trends are projected in the future. 
Projections based on BEC expectations indicate that the peak demand will 
increase to 541 MW by 2020. In a further step, the possible development 
until 2030 was estimated. We derived the power demand under the BAU 
scenario by assuming a constant annual growth of power demand of 2%/yr. 
Thus, power demand would increase 22% against 2020 by 2030 and would 
be 63% higher than present power demand (Table 1-8). 
 
The second scenario is the efficiency scenario. This is taking into account 
cumulated benchmark savings for domestic electricity users and hotels. We 
assume that the entire benchmark saving potential is mobilised. We deem 
this as achievable particular since we have not considered that even more 
efficient appliances will get available in the near future. Also the entire 
potential for solar water heaters in present applications are put into action. 
Since solar water heaters are cost saving against electrical boilers we deem 
this as ambitious but achievable. This means that all presently existing 
appliances will be substituted by benchmark appliances when reinvestment 
is due.  
 
So power demand can be reduced by 30% against the BAU case 2030. Still, 
power consumption will be 15% higher than presently. Assuming a typical 
re-investment cycle of ten years this would mean that half of the customers 
would decide for the presently best available technology. We have further 
considered that 50% of the present domestic hot water demand will be 
covered with solar water heaters by 2020. Assuming a typical re-investment 
cycle of 20 years for hot water boilers this would mean that every existing 
boiler due for replacement will be replaced by a solar water heater. The 
saving potential in hotel amounts to roughly 50% of present electricity 
consumption. Note that this scenario does not take into account any savings 
potentially to be achieved in industry or public buildings. Further, the 
underlying scenario of BEC does not disclose any assumptions on efficiency 
patterns. So the growth assumed in the BAU scenario might be dampened 
when more efficient equipment is used for the share of power consumption 
in 2020 additional to 2009. 
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Demand Peak Demand Peak Demand Peak
Island kWh MWp kWh MWp kWh MWp

Abaco 95,932,674 22.35 160,320,927 37.15 112,844,028 29.91
Acklins 1,406,565 0.33 2,292,272 0.57 1,613,446 0.46
Bimini 19,615,762 4.67 31,967,700 7.89 22,500,893 6.35
Cat Island 6,326,803 1.50 10,310,756 2.54 7,257,364 2.05
Central Andros 6,981,600 1.66 11,377,875 2.81 8,008,470 2.26
Crooked Island 1,762,327 0.42 2,872,055 0.71 2,021,534 0.57
Eleuthera 57,533,843 10.77 90,749,259 17.02 63,875,079 13.70
Exuma 47,488,805 7.97 76,795,429 13.01 54,053,490 10.47
Grand Bahama 554,733,645 103.81 904,046,377 175.58 636,325,127 141.36
Great Harbour Cay 4,118,957 0.98 6,712,641 1.66 4,724,782 1.33
Long Island 14,135,400 3.36 23,036,384 5.69 16,214,467 4.58
Mayaguana 931,245 0.22 1,517,645 0.37 1,068,215 0.30
New Providence 1,396,797,000 234.49 2,275,943,036 384.23 1,601,952,929 309.35
North Andros 8,377,069 1.99 13,652,063 3.37 9,609,187 2.71
Ragged Island 1,056,320 0.25 1,721,479 0.42 1,211,686 0.34
Rum Cay 739,261 0.18 1,204,770 0.30 847,993 0.24
San Salvador 9,436,871 2.24 15,379,217 3.80 10,824,867 3.06
South Andros 6,835,348 1.63 11,139,529 2.75 7,840,706 2.21
Total 2,234,209,494 398.82 3,641,039,413 659.85 2,562,794,262 531.26

2030 2030
Forecast BEC BAU Efficiency scenario

2009

 
Table 1-8: Prospective power demand for 2030 on The Bahamas under two different 

scenarios 

1.3.2 Scenarios on renewable energy deployment 

For the scenario of potential renewable energy deployment until 2030 we 
disregard any storage facilities our load shaping measures. In this first phase 
of RE deployment intermittent renewable energies serves exclusively as fuel 
savers. So we restrict the potential contribution of RE until 2020 to 50% of 
the peak load. A maximum of 20% of the total peak load may come from 
intermittent RE sources. For the maximum possible generation from RE 
potentially to be absorbed we assume that the base load capacity may 
generate 70% of total power supply. The maximum contribution of 
intermittent renewable energies depends on the capacity factor of the 
individual technologies chosen, e.g. photovoltaic plants is a lower capacity 
factor than wind power plants. A total of 132 MW could be accommodated 
under these restrictions. A slightly different picture is painted when we 
assume a reduced power demand as described in the Efficiency Scenario. 
Then, 106 MW could be accommodated. 
 
• RE technologies are deployed when they are currently cost competitive 

against power generated with fossil fuels. Two prices for oil are 
considered: 70 BSD/bbl, 100 BSD/bbl respectively (Figure 9-1). 

• However, we have not applied the above criterion in a strict for those RE 
technologies which still feature a high future cost reduction potential. 
This applies particular to PV for which further substantial cost reductions 
might be expected. For instance the International Energy Agency expects 
investment cost reductions for PV of 70% from the current BSD 4000-
6000/kW down to BSD 1200-1800/kW by 2030, with an important cost 
reduction of at least 40% already being achievable by 2015 (and -50% by 
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2020)2. So the deployment of PV in the presented scenarios reflects the 
bright prospects this technology has under the particular conditions of 
The Bahamas. 

• Preferable mature technologies are applied so that fossil fuel savings will 
be achieved with a high certainty. For this reason we have not considered 
any ocean energy technology to be applied by 2020. However, with 
increasing maturity of this technologies wave power and in particular 
Ocean Thermal Energy Conversion have good prospects to supply 
substantial shares of The Bahamas power demand after 2020.  

• We consider interconnectors between Abaco and Grand Bahama and 
Eleuthera and New Providence for tapping RE potential on the Abaco, 
Eleuthera respectively to be consumed on Grand Bahama, New 
Providence respectively. When the costs of an interconnector are entirely 
allocated to renewable energy generation (disregarding the additional 
benefits of enhanced reliability, decreasing need for reserve capacity, 
optimized operation of fossil fuelled plants) than only biomass is 
economic viable for importing power from one island to another. Against 
that wind power with interconnection is not economic viable because 
wind power itself is less competitive and the cable is less used due to a 
lower capacity factor of wind power plants compared to a biomass plant. 

• We do not consider the potential of transporting biomass from one island 
to another. Transport would cause additional costs. So we consider only 
the natural resources available on each individual island for the energy 
supply of this respective island. 

• Biomass is preferred applied wherever feasible due to its low costs and 
generation characteristics similar to fossil power plants. We have 
considered biomass fired power plants on Abaco, Eleuthera, and Grand 
Bahama. The biomass plant on Abaco is sized in such a way that some of 
the generation is imported through an interconnector to Grand Bahama. 
On all other island either consumption is too low to accommodate 
generation in the scale needed for economic generation or the potential of 
biomass on the particular island is not sufficient to fuel a power plant as 
in the case of New Providence. 

• The entire potential of solar water heaters in the residential sector is 
exploited by 2030. Thereby we have not considered any growth of hot 
water demand until 2030 i.e. the present level of hot water demand will 
be entirely covered by solar water heaters. Albeit this technology does 
not generate power its heat generation is displacing power demand from 
electrical water heaters. 

• Wind power in wind farms is only feasible on Grand Bahama and - to a 
lesser extent - on New Providence. Albeit conditions on New Providence 
are worse compared to other islands we still choose some wind 
deployment there since wind power is the only RE source on New 
Providence which may supply bulk power. When costs for pv will drop 
further in the future then PV may get cost competitive to wind power. In 
this case, the decision for wind power on New Providence needs to be 

                                                 
2 International Energy Agency: Projected costs of generating electricity.2010 Edition. Paris. 
2010 
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revisited. On the other islands the demand is too limited to accommodate 
power generation from wind farms. Yet, individual turbines and micro 
turbines might be still feasible also on the Family Islands however 
contribution to total power supply will be rather limited. 

• The remaining potential for accommodating intermittent renewable 
power generation is absorbed with photovoltaics. This allows for a 
supply of renewable energy also on the Family Islands.  

• The total contribution of renewable energies to power supply should be 
as high as economical viable to fulfill the objectives of the 1st report of 
the National Energy Policy Committee.  
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Figure 1-4:  Range of generation costs of different RE technologies compared to 

different avaoided costs 
 
RE deployment without efficiency efforts (BAU scenario) 
In this scenario, 34% of the total power demand in the Business-as-usual 
case would be supplied by renewable energies (Table 9-7). Eleuthera and 
Abaco would have the largest share with 171%, 125% respectively. The 
excess power would be transferred via interconnectors to New Providence, 
Grand Bahama respectively. Only 7% of the power demand of Exuma 
would be supplied by renewable energies. Those Family Islands which only 
use PV for power generation could not go beyond 9% of total power 
generation due to the restriction of accommodating intermittent energy 
sources. Biomass would contribute more than half of total supply from 
renewable energies followed by Ocean Thermal generation.  
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  Biomass 
Solarthermal 
Water Heater Wind PV OTEC Total RE 

Island kWh MWp kWh MWp kWh MWp kWh MWp kWh MWp kWh %kWh
Abaco 187,500,000 25 1,649,932 1.94     12,632,683 7.43     201,782,614 125%
Acklins     23,591 0.03     192,358 0.11     215,948 9%
Bimini     328,993 0.39     2,682,592 1.58     3,011,585 9%
Cat Island     106,112 0.12     865,234 0.51     971,347 9%
Central 
Andros     117,095 0.14     954,782 0.56     1,071,877 9%
Crooked 
Island     29,558 0.03     241,010 0.14     270,568 9%
Eleuthera 150,000,000 20 933,940 1.10     5,785,835 3.40     156,719,775 171%
Exuma     790,335 0.93     4,422,268 2.60     5,212,603 7%
Grand 
Bahama 315,000,000 42 9,303,929 10.95 42,000,000 28 12,096,008 7.12     378,399,937 41%
Great 
Harbour 
Cay     69,083 0.08     563,296 0.33     632,379 9%
Long 
Island     237,077 0.28     1,933,114 1.14     2,170,191 9%
Mayaguana     15,619 0.02     127,354 0.07     142,973 9%
New 
Providence     23,422,707 27.56 30,000,000 20 96,637,194 56.85 350,000,000 50 500,059,901 22%
North 
Andros     140,499 0.17     1,145,622 0.67     1,286,122 9%
Ragged 
Island     17,716 0.02     144,459 0.08     162,176 9%
Rum Cay     12,399 0.01     101,099 0.06     113,498 9%
San 
Salvador     158,274 0.19     1,290,558 0.76     1,448,832 9%
South 
Andros     114,642 0.13     934,781 0.55     1,049,423 9%

Total 652,500,000 87 37,471,500 44 72,000,000 48 142,750,248 84 350,000,000 50 1,254,721,748 34%

Table 1-9 Power supply from renewable energies by 2030 with a power 
consumption according to the BAU scenario. 

Total required investment in renewable energy technologies for the period 
2010 to 2030 sums up to 1149 mln USD, or an average of 54.4 mln USD 
per year. The major share is for OTEC even though biomass contributes 
most in terms of energy supply. We have used present specific investment 
cost figures. One may expect photovoltaic prices to drop further 
substantially in the future. In this respect one may regard this as a 
conservative cost estimate. 
 
RE deployment with efficiency efforts (EFFICIENCY scenario) 
Through restrictions of the ability of the grid to accommodate RE the total 
capacity of PV is reduced compared to the BAU scenario. However, with 
49% of the total power demand in the EFFICIENCY case the share of RE is 
increased compared to the BAU scenario (Table 9-8). Eleuthera and Abaco 
would have the largest share with 238%, 173% respectively. The excess 
power would be transferred via interconnectors to New Providence, Grand 
Bahama respectively. Biomass would contribute 52% of total supply from 
renewable energies followed by OTEC generation. 
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  Biomass 
Solarthermal Water 

Heater Wind PV OTEC Total RE 

Island kWh MWp kWh MWp kWh MWp kWh MWp kWh MWp kWh %kWh 

Abaco 187,500,000 25 3,299,863 3.88     10,170,841 5.98     200,970,704 173% 

Acklins     47,182 0.06     154,871 0.09     202,053 12% 

Bimini     657,987 0.77     2,159,811 1.27     2,817,798 12% 

Cat Island     212,225 0.25     696,618 0.41     908,843 12% 

Central Andros     234,189 0.28     768,715 0.45     1,002,905 12% 

Crooked Island     59,115 0.07     194,043 0.11     253,158 12% 

Eleuthera 150,000,000 20 1,867,879 2.20     4,658,299 2.74     156,526,178 238% 

Exuma     1,580,669 1.86     3,560,462 2.09     5,141,131 9% 

Grand Bahama 315,000,000 42 18,607,859 21.89 42,000,000 28 462,523 0.27     376,070,382 57% 

Great Harbour Cay     138,165 0.16     453,521 0.27     591,687 12% 

Long Island     474,155 0.56     1,556,391 0.92     2,030,546 12% 

Mayaguana     31,237 0.04     102,536 0.06     133,773 12% 

New Providence     46,845,414 55.11 30,000,000 20 71,178,778 41.87 350,000,000 50 498,024,192 30% 

North Andros     280,998 0.33     922,365 0.54     1,203,363 12% 

Ragged Island     35,433 0.04     116,307 0.07     151,740 12% 

Rum Cay     24,798 0.03     81,397 0.05     106,195 12% 

San Salvador     316,548 0.37     1,039,055 0.61     1,355,604 12% 

South Andros     229,283 0.27     752,612 0.44     981,896 12% 

Total 652,500,000 87 74,943,000 88 72,000,000 48 99,029,147 58 350,000,000 50
1,248,472,1

47 47% 

Table 1-10:   Power supply from renewable energies by 2030 with power consumption according to the EFFICIENCY scenario. 
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Total required investment in renewable energy technologies for the period 
2010 to 2030 sums up to 1113 mln USD, or an average of 56 mln BSD per 
year. Again, the major share is for OTEC even though biomass contributes 
most in terms of energy supply. We have used present specific investment 
cost figures. One may expect photovoltaic prices to drop further 
substantially in the future. In this respect one may regard the total 
investment as a conservative cost estimate.  
 
To depict the monetary benefits of this scenario we compare the generation 
costs of the individual RE technologies with the avoided generation costs at 
two different fossil fuel price levels (BSD 70/bbl, BSD 100/bbl). For 
intermittent RE technologies (wind, PV, solar thermal) only the variable 
costs are avoided, whereas the RE technologies also avoid fixed generation 
costs. For PV we have considered future generation costs of building 
integrated plants to reflect that the bulk of deployment will only occur after 
2020. Under both oil price levels, the deployment of RE is beneficial 
(Figure 9-3). This is mainly due to the highly beneficial deployment of 
biomass. Solar thermal water heaters are besides biomass the only 
technology which is fully economical viable under both oil price levels. 
Against that wind power, PV and OTEC are only viable in the “BSD 
100/bbl”-case. 
 

Annual benefits from Renewable Energies by 2030
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Figure 1-5:  Annual benefits of  RE deployment in the EFFIENCY case @ BSD 

70/bbl oil price (dark left bars)  and @ BSD 100/bbl oil price (right light 
bars) 

 
The scenario makes clear that 
 
• Renewable energies can cover substantial shares of power demand. 
• A share of almost 50% renewable energy on total power supply is 

achievable by 2030. 
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• Low cost potential of renewable energy on New Providence is limited. 
• Going beyond a share of 20% renewable energies on power supply 

would require that renewable energies are to be transferred from one 
island to another through either interconnectors or as a fuel. 

• Interconnectors might be well advisable even before since they would 
allow tapping low cost potential of renewable energy to substitute in 
particular pv on New Providence 

• Promoting energy efficiency to limit the future demand growth would 
allow for reaching higher shares of renewable energies at lower costs. 

1.4 Policy and legislation 

This report, Preliminary Report III of the project “Promoting Sustainable 
Energy in The Bahamas” covers the policies and legislation necessary for 
the promotion of Energy Efficiency (EE) and Renewable Energies (RE) in 
The Bahamas. 
 
First of all policy options for deploying energy efficiency on The Bahamas 
are described. It starts with a brief overview on obstacles hindering the 
deployment of energy efficiency measures. Then it describes in more detail 
the policy mix we deem to be most appropriate for The Bahamas 
incorporating all of the above elements with the exception of research and 
development: 
 
• Adaptation of building codes (if required) 
• Setting standards 
• Energy efficiency promotion programs 
• Duty exemptions 
 
Obstacles for Development of Energy Efficiency 
Deployment of energy efficiency encounters a number of challenges.  
 
• Lack of awareness among potential applicators 
• Lack of knowledge and skills among architects, energy planers and plumbers 
• Higher up-front investments 
• Split incentives. 
These are all non-economic barriers which hinders deployment of economic 
saving potentials. 
 
Building Codes 
Analyzing the Bahamas Building Code, it can be assumed that planned 
energy efficiency measures are not hindered or conflicted by the 
requirements of the existing regulation. 
 
Solar Ordinance 
The analysis of the application of solar water heaters (SWH) on The 
Bahamas clearly shows that these systems are technical feasible and cost 
efficient. However, the lack of knowledge about the opportunities of SWH, 
high initial investment costs of SWH and the split incentives in regard to 
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landlords and tenants have hindered the deployment of SWH so far. 
Information campaigns, soft loans, and leasing programs can help to 
overcome these hurdles. 
 
A Solar Ordinance is a legal provision making mandatory the installation of 
solar thermal systems in buildings. The obligation applies to newly built 
buildings. No building permission will be issued if no SWH is foreseen. 
Further, also owners of existing buildings shall be obliged. In existing 
building the obligation for installing a SWH will apply when the existing 
water heater is replaced. This means that conventional water heaters i.e. 
electrical and oil fired water heaters are only allowed as a back-up for SWH 
in the future. The Solar Ordinance is exclusively targeted on residential 
buildings.  
 
Certain exemptions from the obligation should apply. This includes 
 
• Shading. In case that only the roof that is shaded for more than four 

hours on December 21. 
• Monument protected buildings. 
• Buildings to be decommissioned within the next five years. 
• Buildings only temporarily occupied. 
 
 
Efficiency Standards for Devices 
 
Manufacturer shall mandatorily disclose the energy consumption of 
appliances with labels. The advantage of a legal obligation of labelling is 
that the pressure on producers is bigger than without the obligation to label 
inefficient products. Standards are precisely defined but it is inflexible for 
fast changes. On international markets two label systems are prevailing () 
 
 
 European Label Energy Star 
Legal obligation Yes No 
Range of products Household appliances More than 35 product 

categories, new homes, 
commercial buildings 

Adjustment classification / 
specification 

The standards are not 
adjusted continuously 

Continuously 

Labeling Efficient products and 
inefficient products carry the 
label 

Only efficient products 
carry the label 

Standardization 
i.e. for measurement 
methods etc. 

Precise standards Partially vague definition 
 

Table 1-11: Comparison of the two internationally prevailing labelling systems for energy 
consumption 
 
 
Energy Efficiency Promotion Programme 
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Information campaigns, obligations for energy audits, lending of metering 
devices and many other issues could be part of an energy efficiency 
promotion program which is described in more detail in Section 2.5. 
 
The description of the potential energy efficiency programs are based the 
findings during the energy audits, talks with many local people and the 
experience of the consultant.  
 
The program distinguishes between general program, energy efficiency for 
households, for hotels and for public buildings. 
 
The section is dedicated to general measures which can not be assigned to a 
specific section of the Bahamian energy sector. 
 
An overview of the general energy efficiency program you can find below: 
 

Overview – general energy efficiency program 
 
• Minimum energy standards for new buildings (Limitation of primary 

energy demand) 
• Tax exemptions and reduced tax rates for energy efficiency 

appliances water saving devices  
• Establishment of Sustainable Energy Unit 

 
The energy efficiency program for households should reach a large number 
of electricity customers. Therefore, an information campaign to raise the 
public awareness for energy efficiency should be started right now, because 
people still remember the high electricity prices from August 2008 as a 
consequence of the oil price peak. An overview of the main items of a 
potential energy efficiency program for households is summarized below: 
 

Overview – energy efficiency program households 
 
• Information campaign to raise awareness 
• Publication of best practice 
• Tools to asses energy demand (questionnaire, intenet) 
• Solar water heater promotion program 
• Solar water heater training 
• Free energy audits 

 
The energy efficiency program for hotels should be set up by the SEU in 
close cooperation with the Bahamian Hotel Association. 
 
The following list shows the main issues of the energy efficiency program 
suggested for the hotel sector: 
 

Overview – energy efficiency program hotels 
 
• Obligation for energy audits (every three years) 
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• Certified energy editor to be employed by the Bahamian Hotel 
Association 

• Benchmarking of hotel energy consumption 
• Publication of best practice 
• Obligation to use only energy efficient equipment 
• Subsidies for solar cooling systems 
• Awareness campaign in house and for guests 
• Regularly training of hotel staff 
• Reduced tax rates for water saving devices 

 
The responsible body for the energy efficiency program in public buildings 
should also be the SEU. 
 
A summary of the energy efficiency program for public buildings you can 
find below: 
 

Overview – energy efficiency program public buildings 
 
• SEU responsible for energy efficiency in public buildings 
• Energy monitoring for each building 
• Obligation for energy audits (> 5,000 sq ft) every two years 
• Posting of the energy audit certificate at the main entrance 
• Benchmarking 
• Publication of best practice 
• Obligation to purchase only energy efficient appliances 
• Demonstration building 
• Awareness campaign in house 
• 50:50 project for schools 

 
Policies for Renewable Energy 
To attract private investment in RE-Generation, first of all it will be required 
to provide for an enabling legal and institutional environment, which 
promotes RE-Generation and provides sufficient security for private 
investors. 
 
In general, the electricity sector legislation in The Bahamas is in need of 
reform with the major components of mandating an effective sector 
regulatory agency and putting BEC on a commercially sound footing. 
 
With respect to the implementation of renewable energy technologies in 
power generation we propose to prepare a new law or act (the Renewable 
Energy Act) which defines the conditions under which RE can be 
implemented. Deployment of renewable energy encounters a number of 
challenges: 
 
• Lack of awareness of potential applicators of renewable energies 
• Lack of knowledge and skills 
• Lack of access to capital to cover the high up-front investments 
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• Split incentives. 
 
Power-generating renewable energy technologies encounter in addition 
issues related to access to the grid and access to markets: 
 
• Lack of incentives to BEC 
• Lack of clear grid connection rules 
• Lack of access to power markets 
 
Last, but not least some renewable energy technologies are still not 
competitive to fossil fuels at present prices making them less attractive to 
BEC and other potential applicators. The reasons for this are manifold; the 
main two are the following: 
 
• Present fossil fuel prices may not reflect the total social costs of fuel 

supply  
• Many of the renewable energy technologies are rather new compared to 

fossil fuel technologies. Albeit mature in the technical sense, renewable 
energy technologies still allow for substantial costs reduction due to 
innovation and economies of scale.  

 
Governments may level the playing field for renewable energy (and energy 
efficiency) by introducing environmental taxes on energy supply thereby 
incorporating environmental costs into the energy bill.  
 
However, international experiences show that implementing such taxes are 
usually quite demanding and results in terms of deployment of renewable 
energies and efficiency measures are rather limited. Further cost reductions 
of renewable energy technologies can be expedited through support of 
research and development and through deployment. However, the 
possibilities of a small country like The Bahamas are rather limited to have 
an impact on global developments. The report thus concentrates on the non-
economical obstacles as listed above in some detail. 
 
Overview Policy Options 
There exist a wide range of instruments to promote the deployment of 
renewable energy. Monetary instruments can help to bridge the present cost 
gap of renewable energy compared to fossil fuels. Legal instruments can 
help to level the playing field when e.g. granting access to power markets. 
Information, education and training can provide knowledge and skills 
needed for the deployment of renewable energy. Finally, research and 
development can contribute to further technology development and 
decreased generation costs. Even though the different types of instruments 
are interchangeable to some extent, successful programs need to address the 
most difficult barriers which means that it is generally advantageous to 
design separate policy instruments for the different barriers. 
 
To raise the awareness on renewable energy and their opportunities an 
information campaign can be conducted.  
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Renewable energy should be also incorporated into educational curricula. 
This applies both to senior high schools, colleges and universities.  
 
Legal instruments can help to overcome the problem lacking access to 
power markets. It will therefore be required to change the Electricity Act to 
allow for third party generation to connect to the BEC transmission and 
distribution network and to feed electricity generated from such generators 
into the BEC networks. At the present stage this could be limited to 
electricity generated from renewable energy sources, however, in the long 
run it is recommended to allow as well for the implementation of power 
generation based on fossil fuel and conventional technologies. 
 
The possibilities of a small country like The Bahamas to support Research 
& Development on renewable energy are naturally quite limited. 
Fortunately, The Bahamas can benefit from the efforts of other, larger 
countries in this regard, so that mature and inexpensive renewable energy 
technologies are available today. Yet, for three reasons The Bahamas may 
support also some own R&D on renewable energy to make best use of these 
technologies: 
 
• One may wish to adapt technologies to the specific requirements of The 

Bahamas.  
• The Bahamas are in the unique position of offering advantageous sites 

for the application of ocean thermal energy conversion. It is well 
advisable to develop further this technology which has been not applied 
in industrial scale so far. For this purpose The Bahamas may consider to 
partner up with other countries like India and the USA who have been 
interested in this technology as well. 

• Finally, once the first renewable energy plants are in place, a systematic 
monitoring of the yield and the performance in general would allow for 
enhancing application of the technologies. At the same time students are 
able to learn about the merits and limits of the technologies at practical 
examples if the monitoring is conducted by educational entities. 

 
Monetary instruments are most crucial to foster renewable energy 
deployment on the short and medium term. To level the playing field with 
competing incumbent power generating technologies i.e. fossil driven power 
plants some public support is needed in the introduction phase of power 
generating renewable energies on The Bahamas. Again, there exist a wide 
range of different instruments. The report highlights some promising 
approaches are assessed on their suitability for promoting renewable power 
generation on The Bahamas. 
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For the case of The Bahamas investment grants in the form of duty 
exemptions for renewable energy equipment might be best feasible (Table 
1-12). Rather than taking funds out of the public budget, only public income 
streams are reduced if at all. They might be less subject to revisions than 
active expenditures in form of direct grants. Such duty exemptions do not 
mean that the Government of The Bahamas forego of duty income in 
absolute terms on the short run. This is because specific investments on a 
per kilowatt basis are higher for renewable energy technologies than for 
fossil fuelled plants so that reduced custom tariffs would still lead to the 
same absolute amount of customs. 
 

Item category Sub-category Toll 
nomenclature 

Current rate 
of duty 

Proposed 
rate 

generator 8502.3100 45% Wind power plants 
wind engines 8412.8090 free 

0% 

Photovoltaic  8541.4000 10% 0% 
Solar thermal 
collectors 

 8419.xx00 n.a. 0% 

< 1MW 8410.1100 
1 - 10MW 8410.1200 

Hydro power plants 

> 10MW 8410.1300 
45% 

0% 

Table 1-12: Present and proposed custom rates  for renewable energy equipment 
 
For power generation operating grants are preferential to investment grants 
since they actually promote the generation of power and not only the 
erection of plants. This way the operator receives the full incentive to run 
the plant as much as possible in the most efficient manner. The generation 
of a power plant is easy to meter so that the amount of the grant can be 
easily settled. 
 
Soft loans i.e. loans with lowered interest rates or preferential pay-back 
conditions have been a successful means to promote large scale renewable 
energy technologies particular since renewable energy technologies usually 
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features high upfront investment costs which may create a hurdle in itself. In 
contrast to small household size devices which are often out of own funds 
utility scale renewable energy power plants are usually always financed 
partly with loans. Low cost loans will thus directly reduce generation costs 
of the plants making them more competitive.  
 
Public institutions should and can provide a role model for the application 
of renewable energy.  
 
Voluntary instruments have only small potential under the current Bahamian 
framework. We therefore recommend not relying on voluntary instruments 
for the deployment of renewable energy on The Bahamas.  
 
Regulations are successful means to promote renewable energy power 
generation. They promote generation rather than plant capacity so that the 
most effective and efficient operation of power plants is ensured. They do 
not rely on public budgets in the first place so that support over the life time 
of the plants could be easily ensured.  The further investigations on the most 
appropriate promotion regulation are focused on price regulations, in 
particular Net-metering and Feed-In Tariffs and on Tendering Schemes. 
 
In the report, we propose to combine the benefits of all three types of 
regulation schemes. The individual scheme applies according to the plant 
size to be promoted. 
 
• Net metering / net billing schemes shall be established for small wind 

power plants and photovoltaic plants up to a size of 50 kW. Net metering 
will be only granted to plants operated on or close by buildings occupied 
by the operator of the plant. Generation equipment is installed with the 
primary objective to cover the customer’s electricity demand. 

• Feed-In tariffs for biomass fired power plants, photovoltaic plants and 
wind power plants in a non-customer based generation mode. 

• Tendering scheme for utility scale power plants with a minimum capacity 
of 5 MW.  

 
From the implementation of promotion schemes in general and from the 
regulatory schemes in particular, extra costs arise compared to fossil 
generation. BEC will not be in the position to cover the additional cost 
through own operations and budgets. Therefore other sources for covering 
these extra costs need to be made available. Potential possibilities in this 
respect are 
 
• the generic public budget from the Government of The Bahamas 
• a particular tax,  
• a surcharge on electricity tariffs, and/or  
• income from climate trade. 
 
We recommend to create a common Renewable Energy Fund (in some US 
states called a “Public Benefit Fund”) where the monies dedicated to 
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renewable energy are collected and distributed. The Sustainable Energy 
Unit can act as an administrator of the Renewable Energy Fund. 

Grid Access 
Grid access is crucial for the viability of renewable power plants run by 
third parties. Grid access has to be regulated both in a technical sense i.e. 
technical requirements on shut-off possibilities, fault-ride through 
possibilities etc. and in economical sense i.e. who bears the cost of grid 
connection. For technical requirements we propose to follow IEEE 15473. 
 
The following costs for grid connection may be considered: 
 
• Expenses to connect a renewable power plant physically to the electricity 

grid, 
• Reinforcement of the grid if the capacity of the local grid is not sufficient 

to accept the new installation.  
 
A significant contribution of the total capital expenditures is the costs for 
physical grid connection. Therefore, they have an important impact on the 
economic viability of a project. Moreover, additional costs can be arising 
from grid extending and reinforcing. There are three methods to distribute 
the occurred costs of connecting, extending and reinforcing: 
 
• Shallow connection charging 
• Deep connection charging 
• Mixed or shallower connection charging 
For The Bahamas we recommend to follow the shallow charging approach 
for all power plants under the Feed-in tariff and the net-metering i.e. all 
smaller renewable power plants. For larger power plants under the tendering 
scheme we recommend deep charging. This makes additional costs of 
renewable power plants more transparent. Further, plant operators will be 
better able to control timing of required grid enforcement.  
 
Net-Metering / Net-Billing 
The instrument of net-metering /net-billing is foreseen for customer 
generation only. Customer generation can be defined as generation 
equipment which is installed with the primary objective to cover the 
customer's electricity demand. The pros and cons of different concepts of 
this instrument are discussed in the report. 
 
Effectively, the generation under the net metering scheme will be 
remunerated at the level of power tariffs including the fuel surcharge. 
However, from the point of view of BEC, the avoided costs of the net-
metering are by far smaller than the power tariffs. This it because the power 
from net-metering fed into the grid displaces only fuel so that only fuel 
purchasing costs reflected in the fuel surcharge are avoided. 
 
                                                 
3 Standard for Interconnecting Distributed Resources with Electric Power Systems 
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For this reason one may apply an alternative approach where the power fed 
into the grid will be only remunerated at the level of BEC’s avoided costs. 
This way BEC will not lose money when absorbing decentralized power 
even under the current tariff regime. Technically such concept would 
require two meters. With BEC generation costs being substantially higher 
on some of the smaller Family islands, one may consider a higher 
remuneration for the power fed into the grid reflecting the actual avoided 
costs on those particular Family islands. In this case BEC should identify 
islands which feature higher specific fuel costs and total generation costs.  
 
The legal basis for net-metering should be part of the Renewable Energy 
Act. The net-metering scheme should be monitored by the Utilities 
Regulation and Competition Authority (URCA). 
 
Feed-In Tariffs 
Feed-In Tariffs should apply to any non-consumer based RE generation and 
any consumer based generation from plants larger than 50 kW. Consumer 
based generation smaller than 50 kW will benefit from net-metering (see 
above). Feed-in tariff systems can be designed according to a number of 
criteria considering: 
 
• the maturity of certain technologies; 
• the specifics of the technology (intermittent generation, non-firm 

capacity, firm capacity etc); 
• the size of the plant in terms of installed generation capacity; and 
• the methodology used to determine the level of the feed-in tariff (avoided 

cost of BEC, live-cycle cost of the technology). 
 
It is too early to provide details on the design of a feed-in tariff system for 
the Bahamas, however, at the present stage it is recommended to apply feed-
in tariffs only for mature technologies (such as wind, biomass and solar 
energy) and medium scale renewable energy generation. Medium Scale RE-
generators typically defined to be within a certain capacity range with an 
upper limit. This threshold depends from various factors, such as the 
capabilities of the BEC network, the estimated RE-potential, expected 
economies of scale. In smaller networks, such as island networks, the 
threshold is typically in the range of 10 to 15 MW installed capacity, in 
larger networks the threshold is often set up to 30 MW. 
 
To enable the establishment of such medium scale RE-generator with 
minimized transaction cost, the relevant procedures are set out in a specific 
legislation which may be part of a general Renewable Energy Act. The 
objective of this legislation will be to set out 
• rules, requirements, responsibilities and obligations for all key parties 

involved in such a transaction 
• the criteria for eligible projects;  
• the feed-in tariff structure for electricity generated from such medium 

sized RE-generation plants; and  
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• the conditions and procedures concerning preparation, amendment, 
supplementation and expiry of the electricity tariff to be applied to such 
medium size RE-generation plants which are connected to the 
distribution and transmission grid.  

 
The report briefly describes the major contents of the legislation (for 
purposes of simplification such legislation will be referred to as "Renewable 
Energy Act" or "Act"): 
 

1. Eligible technologies 
2. Eligible RE-generation plants 
3. Development of an RE-Plan 
4. Application for the Feed-in Tariff 
5. Tariff Rate 
6. Grid Connection, Reinforcement and cost allocation 
7. Standard Power Purchase Agreement  
8. Purchase obligation 
9. Monitoring, reporting and review 

 
Tendering 
Tendering is foreseen for any RE power plants larger than 5 MW. A 
competitive tendering process would allow for determining generation costs 
under the specific conditions of The Bahamas. The determined costs could 
be also indicative for setting feed-in tariffs in the future, an approach other 
countries like Spain and China had followed before. There should be 
separate call for tenders for biomass, solar power, and wind power, however 
they can be issued and administrated simultaneously. We propose to have 
one call for tender cycle per year. For the first three years, a single project 
should be tendered out in each technology category. This would allow for 
gaining experiences stepwise and enhancing the tendering procedures and 
requirements accordingly. Candidates for the first rounds of calls would be 
the projects identified in the deployment scenarios for RE (refer Preliminary 
Report II): 

• two biomass facilities on Abaco, Grand Bahama respectively 
• open field solar power plants on the Family Islands 
• wind power plants on New Providence, Grand Bahama respectively 
 
The call should specify the island but not necessarily the specific location 
on the island. However, if certain favorable locations are already identified 
and the respective land is available then the call could specify this particular 
location. The call should further specify a range of capacity expected or a 
range of expected output.  
 
For the case of power plants in the supply area of BEC Standard Power 
Purchase Agreements similar to those within the Feed-In Tariff scheme are 
awarded to the winning bidders. For the case of Grand Bahama it has to be 
decided whether GBPC itself will operate the plant i.e. only design and 
construction are tendered out or whether GBPC will award a PPA as well 
involving an Independent Power Producer. 
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Institutional Aspects 
The responsibilities for energy issues are spread over different institutions in 
The Bahamas. That is in the nature of the subject. The main responsibilities 
are, however, with the Ministry of the Environment. Thus the MOTE is the 
appropriate institution to progress the further sustainable development of the 
energy sector. Yet there is a lack of resources and power to coordinate and 
follow up processes. This in particular true with the follow-up of the 
supporting efforts to implement the National Energy Policy as described in 
the 1st report of the NEPC. 
 
We thus propose to establish a Sustainable Energy Unit within the MOTE. 
The framing, duties and resources are described in the following section. 
The main purpose is to follow up consequently, activities identified by the 
NEPC (and this study). In this sense it may serve as an operational branch of 
the NEPC. For this purpose, the SEU will report to the NEPC once a year. 
The SEU will be supervised by the Minister of The Environment. 
 
Beyond own activities it may serve as a catalyst for activities which are in 
the responsibility of other government agency but potentially not in their 
core interest. This way the SEU shall ensure that the all efforts towards 
more energy efficiency and renewable energy are achieved in a coordinated 
and concise manner. The report provides a list of tasks where the SEU have 
the primary responsibility or serves as a catalyst. Further activities e.g. those 
identified in the 1st report of the NEPC might be added. 
 
Financial Issues 
Finally, financial aspects are covered. Deployment of renewable energy may 
cause additional costs in the initial phase of introduction. This is because  
 
• Programs need to be run to overcome non-economical obstacles 
• RE technologies are more expensive in early stages of market 

introduction than in later stages 
• The potential future increase of fossil fuel prices are not appropriately 

reflected in individual cost calculations when investment are decided 
 
The report discusses and makes recommendations for The Bahamas on how 
to cover these additional costs by internal sources or by international 
sources. Internal Bahamian sources would include: 
 
• A surcharge on electricity tariffs 
• An energy tax on any energy consumption 
• National budget of the GOBH. 
 
External sources include 
 
• The Global Environmental Facility 
• The Clean Development Mechanism 
• The Inter American Development Bank 
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2. Scope of Work 
The Inter-American Development Bank (IADB) has commissioned Fichtner 
GmbH & Co. KG as a consultant to assist the Government of Bahamas to 
develop a strategy to promote and support sustainable energy in The 
Bahamas. 
 
The assignment consists of three components: 
 
• Component I – Energy Efficiency Program (EE) 
• Component II – Renewable Energies (RE) 
• Component III – Waste-to-Energy Program (WE) 
 
This Draft Report refers to components I and II of the project. For 
component III a separate report is provided. 

2.1 Energy Efficiency Program 

The Energy Efficiency Program is carried out in three main activities, 
comprising the following scope of work: 
 
Activity 1: Designing an Energy Efficiency Program 
Fichtner performed audits of hotels, households and public buildings for 
identifying energy savings and efficiency opportunities and designing an 
energy efficiency program for The Bahamas. As an overview, the goals of 
the audits and the tasks to proceed are: 
 
• Status quo: Determination of the status quo of energy consumption and 

energy efficiency of Bahamian hotels, households and government 
offices. 

• Efficiency Improvements: Identification of reasonable energy efficiency 
improvements for each group including an estimation of the amount of 
energy saved. 

• Efficiency Program: Formulation of detailed course of actions for 
implementation of the most promising energy efficiency improvements. 

 
Activity 2: Evaluation of the potential energy savings from the 
introduction of solar water heaters 
Taking into account the high percentage of Bahamian households with 
electric water heaters (some 90%), which represent between 10 to 15% of 
electricity consumption, Fichtner assesses potential energy savings from the 
introduction of solar water heaters. Fichtner assesses 
 
• the potential for a viable household solar water heater program and 

analyzes the conditions that could impact such a program in a supportive 
or obstructive way;  

• the feasibility of institutional solar water heating programs 
• risks posed to solar water heaters by tropical storms and hurricanes and 

searches for mitigation measures. 
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The assessment is based on insights gained from the audits previously 
performed energy efficiency audits. 
 
Activity 3: Evaluation of energy efficiency potential to be mobilized by 
institutional capacity, current policies, imports tariff regime, and 
regulations 
The evaluation of energy efficiency audits comprises of four tasks. First of 
all, Fichtner reviews the current institutional capacity of The Bahamas 
regarding the energy sector. The review describes for each institution its 
tasks and activities in the energy sector. Moreover Fichtner identifies 
shortfalls and supportive elements in the existing building regulations; and 
draft recommendations for improvements. Additionally, Fichtner formulates 
policy measures and favorable tariff reforms that will give incentives for 
energy efficiency improvements and will also hinder inefficient behavior, 
operations and investments. Following the review of institutional capacities 
active in the energy sector, Fichtner analyzes the role of BEC, BEST, and 
MOT. 

2.2 Renewable Energy Program 

The Renewable Energy Program is carried out in four major activities, 
comprising the following scope of work: 
 
Activity 1 – Design of solar energy assessment initiative:  
 
• Review various solar PV technologies available commercially. Assess 

the effectiveness of implementing each technology in the Bahamas. 
• Assess Solar Photovoltaic (PV) panels with net metering connected to the 

grid and its relative cost-benefits in providing electrical services. 
• Identify locations where Solar PV could be feasibly deployed. 
• Identify the islands of The Bahamas where land and solar radiation level 

provide opportunities for solar thermal power facilities. Priority should 
be given to islands where existing diesel systems are due for replacement 
in about five years. 

• Identify possible environmental barriers to implementation of solar 
power generation and suggest mitigating measures. 

 
Activity 2: Design of a wind monitoring assessment initiative 
 
• Design and implement a wind monitoring program for the Eastern 

Bahamas islands with wind energy potential, based on the NOAA 
information. 

• Identify policy and institutional capacity changes that would be required 
to facilitate the introduction of wind power into the grids on these 
islands. 

• Identify possible environmental barriers to implementation of wind 
power generation and suggest mitigating measures. 
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Activity 3: Design and implementation of a bioenergy research, 
development and demonstration program 
 
• Identification and delineation of large contiguous land areas with 

appropriate soils and rainfall regime suitable for cultivation of biomass 
crops; these lands are located primarily on the islands of Abaco, Andros, 
Grand Bahama and Eleuthera. 

• Perform feasibility study for the bioenergy projects that could be 
developed on lands with areas greater than 4,000 acres with baseline 
yield of 20 tons per acre, where the fast growing grass. The feasibility 
study is to include environmental impact assessment considerations on 
the areas. 

• Identification and delineation of wetlands areas that could be used for the 
commercial production of algae as feedstock for biodiesel. The lands that 
are considered suitable for the production of algae are located primarily 
in Andros Island. 

• Assessment of the availability of used edible oil and fats used in 
restaurants, hotels; as well as what is potentially available from cruise 
ships that could be collected; based on the amount of oils and fats 
available, conduct a pre-feasibility study and identify any constraints.  

• Identity any policy changes or regulation regimes that would be needed 
to facilitate the implementation of bioenergy projects and prepare a 
report. 

 
Activity 4: Assessment of Ocean Thermal Energy Conversion 
 
• Collect and analyze available ocean surface temperatures and coastal 

bathymetry. The evaluation will show to what extent these data can be 
used as a basis for the assessment of OTEC and if additional data should 
be collected. 

• In collaboration with BEST, determine sites where wave and tidal gages 
should be installed in order to collect baseline date to determine energy 
potential and conducting a pre-feasibility study. 

• Perform pre-feasibility study on identified OTEC sites for the production 
of power and water and identify potential private sector partners; 

• Identify any environmental risks to the marine environment and potential 
mitigation measures. 
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3. Energy Efficiency Program 

3.1 Design of an energy efficiency program 

As a first step to analyze the current energy efficiency of the Bahamas 
Fichtner undertook sample energy audits of hotels, households and public 
buildings. For each of these object groups, the audits contain a 
representative number and selection of objects, so that the audit insights are 
transferable to the entire group. As an overview, the goals of the audits and 
the tasks to proceed are: 
 
• Status quo and good practice: Determination of the status quo of 

energy consumption and energy efficiency of Bahamian hotels, 
households and government offices. 

 
• Efficiency Improvements - Potentials: Identification of reasonable 

energy efficiency improvements for each group including an estimation 
of the amount of energy saved. 

 
• Efficiency Program: Formulation of detailed course of actions for 

implementation of the most promising energy efficiency improvements. 

3.1.1 Status quo and good practice 

On the basis of the energy audits the energy consumption in all areas of 
energy utilization of the properties (hotels, households, and public 
buildings) is analyzed. In particular this includes cooling, lighting, water 
heating, washing and cooking which are primarily supplied with electricity. 
Fichtner has analyzed how much final energy is demanded in the different 
fields of energy use and how the energy is supplied for the different energy 
utilizations. 
 
During the energy audits, an assessment of the building envelops in terms of 
insulation, sun protection and air conditioning was performed. This 
assessment can be used to develop standards for construction of new 
buildings. The assessment may also indicate options for relatively cheap and 
convenient efficiency improvements to be proposed also for existing 
buildings. 
 
Generally, each type of energy utilization has been put on test and has been 
checked for its relevance at the investigated object group (hotels, 
households, government offices). This also included more indirect energy 
consumption aspects that one may not have in mind at first when thinking of 
energy efficiency. As a lot of desalinated water is used, for instance 
effective water saving measures may contribute significantly to the overall 
energy efficiency of The Bahamas. 
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The status quo is also intended to identify energy measures which have 
already been implemented. In the following report this measures already 
taken have been summarized under ‘good practice’. 

3.1.2 Efficiency improvements – potentials 

After having analyzed the status quo and having identified good practice 
Fichtner has focused on finding potentials / alternative options for energy 
conservation. Fichtner has mainly focused on those measures which can be 
realized easily and economically. During the interviews obstacles in 
realizing alternatives have also been taken into account. 
 
Apart from compiling energy balances, also the costs of energy savings and 
the typical payback periods of investments have to be determined. 
 
Generally, there may be many low cost measures which are realizable easily 
and quickly with low technical and organizational efforts. Among those 
options Fichtner reckon particularly behavioral and operational changes 
(e.g. switching off of stand-by applications, automation of lighting periods, 
draw window curtains in unoccupied rooms to decrease heat influx, …), but 
also small equipment acquisitions. Implementing such measures typically 
have a short payback period or even none at all and provide immediate 
benefits. 
 
Other efficiency measures may concern investment activities and may show 
longer payback periods of about three to five years as for example in the 
case of installing solar water heaters. It is important to distinguish quick, 
easy measures from more fundamental measures and Fichtner therefore 
ranks all options with respect not only to their efficiency gain but also to 
their payback period and costs. The aim thereby is to identify for each case 
of object group – i.e. for hotels, households and government offices each 
separately – those efficiency measures, that emerge to be cheaply and easily 
applicable for the majority of the investigated properties with a high 
efficiency effect and may eventually be stimulated by supportive political 
and institutional measures, e.g. by tariff or taxes reforms or by regulations. 

3.1.3 Efficiency program 

On the basis of the information which has been gained during the course of 
the project we have selected the best energy efficiency measures for each 
group of objects (hotels, households, and public buildings) to constitute an 
efficiency program. This efficiency program focuses on those measures that 
promise most considerable efficiency gains in a most effective way and 
have a realistic chance to be implemented at least efforts. All types of 
measures are concertedly included into the efficiency program, i.e. the 
program contains proposals that address behavioral energy consumption 
patterns, operation modes of energy utilization, and investments as well.  
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For each group, i.e. hotels, public buildings, households, a checklist with 
efficiency measures is designed. 
 
Chapter 10.1 provides a detailed view on the Energy Efficiency Promotion 
Program. 

3.2 General 

3.2.1 Audit team 

The audits were carried out on site by a team of Fichtner and partly by our 
local partner Caribbean Civil Group Ltd (CCG). 
 
The participating hotels and government offices were visited by the Fichtner 
consultants from Stuttgart, Germany: Dr. Sven Eckardt (from December 
2009 until February 2010) and partly by Dr. Achim Stuible (in December 
2009). 
 
Our local partner CCG was trained by Dr. Achim Stuible on site to do the 
residential energy audits on their own. The responsible person at CCG 
carrying out the audits is Mr. Robin V. Strachan. 

3.2.2 Time schedule for audits 

The energy audits started on the last day of November 2009 with hotel 
audits. In addition in December 2009 one public building – the Anatol 
Rodgers High School – was audited and also three households. As a shining 
example to the people of The Bahamas the Prime Minister Hubert 
Ingraham’s house was the first private household to be audited. Minister 
Earl Devaux’s house was second. 
 
The audits ended in February 2010. During this time in total 18 hotels, 18 
households and 10 public buildings have been audited. The following 
calendar gives an overview about the time schedule of the energy audits. 
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November 2009 December 2009 January 2010 February 2010
1 Thu 1 Tue 1 Fri 1 Mon
2 Fri 2 Wed 2 Sat 2 Tue
3 Sat 3 Thu 3 Sun 3 Wed
4 Sun 4 Fri 4 Mon 4 Thu
5 Mon 5 Sat 5 Tue 5 Fri
6 Tue 6 Sun 6 Wed 6 Sat
7 Wed 7 Mon 7 Thu 7 Sun
8 Thu 8 Tue 8 Fri 8 Mon
9 Fri 9 Wed 9 Sat 9 Tue

10 Sat 10 Thu 10 Sun 10 Wed
11 Sun 11 Fri 11 Mon 11 Thu
12 Mon 12 Sat 12 Tue 12 Fri
13 Tue 13 Sun 13 Wed 13 Sat
14 Wed 14 Mon 14 Thu 14 Sun
15 Thu 15 Tue 15 Fri 15 Mon
16 Fri 16 Wed 16 Sat 16 Tue
17 Sat 17 Thu 17 Sun 17 Wed
18 Sun 18 Fri 18 Mon 18 Thu
19 Mon 19 Sat 19 Tue 19 Fri
20 Tue 20 Sun 20 Wed 20 Sat
21 Wed 21 Mon 21 Thu 21 Sun
22 Thu 22 Tue 22 Fri 22 Mon
23 Fri 23 Wed 23 Sat 23 Tue
24 Sat 24 Thu 24 Sun 24 Wed
25 Sun 25 Fri 25 Mon 25 Thu
26 Mon 26 Sat 26 Tue 26 Fri
27 Tue 27 Sun 27 Wed 27 Sat
28 Wed 28 Mon 28 Thu 28 Sun
29 Thu 29 Tue 29 Fri
30 Fri 30 Wed 30 Sat

31 Thu 31 Sun

Energy audit of hotels
Energy audit of public buildings
Energy audits of residential buildings  

 
Figure 3-1: Time schedule for energy audits 

3.2.3 Confidentiality issues 

The individual figures collected during the energy audits are confidential 
data – especially in the hotel sector. Therefore the evaluation of the 
individual energy audits can only be shown in an anonymous form and the 
results are presented on an aggregated basis. 

3.3 Hotel audits 

Tourism is a major consumer of power in The Bahamas. The hotels 
consume about 40% of all electricity. Therefore energy audits for a sample 
of 18 hotels have been performed. 
 
Major tourism resort development has been concentrated in the two main 
vacation destinations in The Bahamas: New Providence (Nassau/Paradise 
Island) and Grand Bahama Island. Among the Family Islands there are six 
Islands which alone account for 80% of total electricity consumption in the 
Family Islands: Bimini, Abaco, Andors, Eleuthera, Exuma and Long Island. 
The sample of hotels was intended to consider the two main destinations but 
also hotels from the Family Island in order to get representative results.  
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3.3.1 Selection of hotels 

Searching for the most relevant efficiency measures requires a distinction 
between large, medium sized and small hotels in order to identify general 
trends for each size category. Together with the Hotel Association the 
following classification and split of sample audits was agreed upon: 
 
Classification Number of rooms Number of audit samples 
Large more than 350 rooms 7 
Mid-sized 50 to 350 rooms 6 
Small less than 50 rooms 5 
Total  18 
Table 3-1: Classification of hotels 
 
The list of audited hotels, see Table 3-2 with respective classification has 
been updated. 
 
Hotel Name Island Location Number of Rooms 
Large Hotels – More than 350 rooms 
Wyndham Nassau Resort Nassau 559 rms 
Sheraton Nassau Beach 
Resort 

Nassau 694 rms 

Bimini Bay Resort and 
Marina 

Bimini 481 rms 

Our Lucaya – Radison Freeport, Grand Bahama 752 rms 
Atlantis – Beach Towers Paradise Island 423 rms 
Atlantis – Coral Towers Paradise Island 693 rms 
Atlantis – Royal Towers Paradise Island 1201 rms 
MID – Sized Hotels – 50 to 350 rooms 
British Colonial Hilton Nassau 288 rms 
Blue Water Resort Nassau 105 rms 
Pelican Bay Freeport, Grand Bahama 186 rms 
Grand Isle Resort Exuma 72 rms 
Cape Santa Maria Beach 
Resort 

Stella Maris, Long Island 56 rms 

Viva Wyndham Fortuna 
Beach 

Freeport, Grand Bahama 276 rms 

Small Properties – Under 50 rooms 
Small Hope Bay Lodge Central Andros 20 rms 
Emerald Palms Resort Driggs Hill, Andros 40 rms 
Tiamo South Andros 10 rms 
Marley Resort and Spa Nassau 16 rms 
February Point Exuma 38 rms 
Table 3-2: List of audited hotels with respective classification 
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3.3.2 Methodology 

After the selection of the hotels, an agenda, a brief questionnaire and a 
schedule for the audits have been submitted to the Hotel Association, which 
forwarded them together with a short description of the project to the 
relevant contact persons of the hotels. 
 
The brief questionnaire is the basis for the collection of basic data (name of 
the hotel, location, number of rooms, year of construction, indoor area, etc.) 
and energy consumption data (electricity demand, fuel oil demand, LPG 
demand, energy costs, etc.). 
 
While for the household audits a detailed data sheet was used to collect the 
required data, for the hotel audits this approach was not suitable. This is 
because the hotels and also the individual requirements are so different. A 
brief questionnaire has been used and notes have been taken during the site 
visit and meetings with the relevant contact persons. 
 
At the end of each hotel audit an individual energy audit report was 
generated which was handed over to the manager and discussed in a close 
out meeting. Each energy audit report comprises: 
 
• General information 
• Data 
• Observations and good practice 
• Potentials 
 
For the evaluation of the hotel audits the data gathered during the audits 
have been analyzed according to the classification of the hotels. Indicators 
which are in use in the hotel industry are used. These indicators are for 
example: 
 
• Energy consumption per rented room 
• Energy costs per rented room 
• Electricity consumption per rented room 
• Electricity costs per rented room 
 
To refer to the number of rented rooms is a common practice in hotels 
(kWh/rr; with rr = rented room). This is because the costs in a hotel are 
related to the occupancy and can only be recovered by the rented rooms. 
This approach is different from the household sector or the public buildings 
where the indicator usually is a figure which refers to the area (kWh / sq ft). 
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3.3.3 Findings from hotel audits 

For the findings a sample of 16 hotel audits has been evaluated. This sample 
comprises: 
 
• 7 large hotels, 
• 5 mid-sized hotels and 
• 4 small hotels. 
 
Unfortunately, the needed data for Tiamo Resort and Grand Isle Resort was 
not submitted as agreed, so these two hotels could not be taken into account 
for our evaluation. 

3.3.3.1 Consumption 

Average energy consumption 
Based on the above mentioned sample of 16 hotels, for each of the three 
classes (large, mid-sized and small) the average annual energy consumption 
in kWh per year was determined. From Table 3-3 it is obvious, that the a 
typical large hotel consumes about 6 times more energy than a mid-sized 
hotel, while the small hotels use more than 35 times less energy than the 
large hotels. 
 
Hotel class Average energy 

consumption
Large 21,448,297 kWh 19,112,593 kWh 89%
Mid-sized 3,436,393 kWh 2,507,326 kWh 73%
Small 608,703 kWh 529,427 kWh 87%

of which electricity consumption

 
Table 3-3: Average annual energy consumption of the Bahamian hotels 
 
A large part of the energy consumed by the Bahamian hotels is electricity. 
Especially in large hotels, where electricity counts for almost 90% of the 
overall energy consumption (see Table 3-3). In mid-sized hotels electricity 
has a share of about three fourth of the overall energy consumption (see 
Table 3-5). This means that especially in mid-sized hotels more than 25% of 
other energy sources are used. These energy sources are LPG and diesel. 
From Table 3-5 and Table 3-6 it is obvious that it is mainly LPG which is 
used in a significant amount for the, not by electricity covered, share of 
energy consumption. Small hotels show a quite similar share of electricity 
consumption as in large hotels, but their LPG demand is almost double as 
high, compared in relative shares. 
 
Large Hotels
Energy Source Energy consumption Shares
Electricity 133,788,153 kWh 89%
LPG 7,621,651 kWh 5%
Diesel 8,728,278 kWh 6%
Total 150,138,082 kWh 100%  
Table 3-4: Energy consumption of the large hotels (sample of 7 hotels) 



 
 

 
7399P02/FICHT-6472615-v1  3-8 

 
 

 
Mid-sized Hotels
Energy Source Energy consumption Shares
Electricity 12,536,628 kWh 73%
LPG 3,961,337 kWh 23%
Diesel 684,000 kWh 4%
Total 17,181,965 kWh 100%  
Table 3-5: Energy consumption of the mid-sized hotels (sample of 5 hotels) 
 
Small Hotels
Energy Source Energy consumption Shares
Electricity 2,117,708 kWh 87%
LPG 284,983 kWh 12%
Diesel 32,120 kWh 1%
Total 2,434,810 kWh 100%  
Table 3-6: Energy consumption of the small hotels (sample of 4 hotels) 
 
Specific energy consumption per rented room 
The specific energy consumption per rented room varies a lot (see Figure 
3-3). It is between 47 kWh/rr and 335 kWh/rr. This wide range comprises 
small and large luxury hotels with spa, pools, casino, several kitchens but 
also simpler and energy efficient hotels. According to the chosen 
methodology the total energy consumption of the hotel is considered, that 
means that the energy consumption of all the additional features (pool, spa, 
etc,) has to be added to the actual energy consumption of the guest in the 
guest room itself. 
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Figure 3-2: Specific energy consumption in kWh per rented room 
 
From the preliminary evaluation one could draw the conclusion, that the 
small hotels are the less efficient ones, while the most efficient hotels are 
the mid-sized hotel. 
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Nevertheless smaller hotels might have higher specific energy consumption 
due to the following reasons: 
 
• base load from kitchen, pool, spa, etc; 
• lower occupancy; 
• they usually do not have specialized staff which cares for energy, their 

staff usually has multiple functions. 
 
For mid-sized hotels the average specific energy costs per rented room are 
in the range of 10 to 30 $/rr. Large hotels range between 20 to 70 $/rr and 
for small hotels we have found an even wider range. 
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Figure 3-3: Specific energy costs in $ per rented room 
 
Plausibility check 
Having analyzed the average and specific energy consumption of the 
audited hotels according to the selected classification, a plausibility check of 
the calculated figures is required. This plausibility check is intended to 
answer the question, how representative the sample of audited hotels is for 
all hotels on The Bahamas. 
 
For the plausibility check the average electricity consumption per class is 
used. By multiplying this average figure with the respective number of 
hotels in this class, the total electricity demand for the Bahamian hotels can 
be determined.  
 
Comparing it with the figures from BEC the reported consumption allows 
checking the plausibility of the calculated figure. The assumption is that all 
hotels belong to the group of large consumers of BEC. 
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Large 19,112,593 kWh 11 210,238,526 kWh
Medium 2,507,326 kWh 37 92,771,047 kWh
Small 529,427 kWh 229 121,238,783 kWh
Total 277 424,248,357 kWh

Total calculated 
electrcity 

comsumption

Plausibility 
check

Average electricity 
demand per hotel

Number of 
hotels 

 
Table 3-7: Calculation of the total electricity consumption of the Bahamian hotels 
 
On the basis of the average electricity consumption of the audited hotels a 
total annual electricity consumption of The Bahamian hotels of 424,248,357 
kWh per year can be calculated. 
 
The annual electricity consumption of the group of large commercial 
consumers in the period of October 2008 to September 2009 amounts 
524,752,934 kWh. If the calculated electricity consumption is divided by the 
reported consumption figure, it can be seen that the calculated figure 
accounts for 81% of the reported figure. This is plausible, as hotels might 
not be the only consumers which fall into the category of large commercial 
consumers. Nevertheless, hotels represent the majority of large consumers. 
 
The plausibility check indicates that the audited hotels are representative for 
the other hotels on The Bahamas and therefore can be seen as a good 
indicator for defining energy saving potentials for this sector. 
 
Contribution of the different energy sources 
While most of the energy consumption in the Bahamian hotels can be 
assigned to electricity consumption for 
 
• air conditioning, 
• lighting, 
• cooling purposes (fridges, freezers), 
• and other appliances, 
 
also LPG (liquefied petrol gas) and diesel is used. LPG is often used in 
kitchens and for water heating. In some cases also diesel is used for water 
heating and steam generation (e.g. for the laundry). 
 
Figure 3-4 shows the contribution of the energy sources for the energy 
supply of the 16 sample hotels which have been evaluated. 87% of the 
energy consumed in the 16 hotels is electricity, 7% is LPG and 6% is diesel. 
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LPG
7%

Diesel
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Figure 3-4: Share of the different sources in the energy supply of the hotels 
 
Typically small and mid-sized hotels have a higher LPG share. In some of 
those hotels LPG contributes with 20% to sometimes even more than 30% 
to the overall energy consumption. In those cases LPG is mainly used in the 
kitchen (stove, oven, grill, deep fryer), for hot water preparation and in the 
laundry (dryer). 
 
There is only one mid-sized and one large hotel which have a significant 
share of diesel in the range of 10% to 20% of their energy consumption. 
These hotels use diesel for hot water and steam generation. In all other 
hotels diesel is only used for the emergency generator and counts for only a 
few percent of the hotels’ overall energy consumption. 
 
Share of the biggest electricity consumers 
Most of the hotels do not distinguish between the different appliances. They 
also do not have separate meters for the different appliances. Therefore, we 
were not able to get metered data for the electricity consumption of the 
appliances, not even the main appliances. These main appliances are: air 
conditioning, lighting, hot water generation and the kitchen. 
 
During the energy audits we therefore asked the responsible technical 
personnel about their estimate of how much electricity is used for what. A 
result of that survey is presented in Table 3-8. 
 
Appliance Share of electricity consumption 
Air conditioning and ventilation about 50% 
Hot water generation 17% to 25% 
Lighting n. a. 
Kitchen 10% to 15% 
Table 3-8: Share of electricity consumption in air conditioned hotels 
 
There are some ecological hotels which do not use air conditioning at all or 
only very limited. For those hotels the share of electricity consumption 
looks very different (see Table 3-9). 
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Appliance Share of electricity consumption 
Air conditioning and ventilation about 5% 
Hot water generation 40% to 45% 
Lighting n. a. 
Kitchen 25% to 35% 
Table 3-9: Share of electricity consumption in ecological hotels 

3.3.3.2 Good practice 

Table 3-10 gives a comprehensive overview about the good practice which 
we have found during the hotel energy audits and also an indication of how 
often this good practice is applied. 
 

 
 

Table 3-10: Overview of good practice in hotels 

3.3.3.3 Potentials 

The following potentials have been identified during the energy. 
 
Use of passive measures 
• Improve the usage of natural shading and natural ventilation 
• As new buildings are planned the measures for new buildings described 

in section 3.5.7.1 should be considered 
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No invest measures 
• Reduction of circulation of pool pump if possible 
• Awareness campaign (in house and for guests) 
• Regular check of temperature of cooling devices (fridges, freezers) 
• Increase of standard set point of the A/C unit in guest rooms – of course 

the guest can change the setting, but after he leaves, the standard set 
point should be chosen (requires training of housekeeping) 

• Switching off appliances which are not in use (e.g. fridge in the guest 
room if not rented) 

• Regular maintenance of all technical appliances 
 
Small installations (low cost measures with payback period up to 1 
year) 
• Installation of switches to allow appliances to be easily switched off 

during off season 
• Replacement of incandescent bulbs (with a daily usage of more than 6 

hours) with CFL’s 
• Shading of chillers to improve efficiency of air conditioning system 
 
Installation of intelligent systems and monitoring 
• Installation of motion detectors  

• to switch off lights if guest leave the room 
• to switch off air conditioning if window is open 
• to increase set point if room is not occupied 

• Monitoring of technical appliances 
• Monitoring of energy consumption 
 
Change of energy source 
• Usage of solar absorbers for pool heating (instead of electrical heating) 
• Usage of solar hot water heaters, e.g. for preheating of the water or for 

laundry 
• Usage of LPG or diesel for hot water generation (instead of electrical 

heating) 
• In 2009 LPG costs were 60% of electricity costs 
• In 2009 diesel costs were only 25% of electricity costs 

• Seawater cooling for chillers of the central air conditioning system 
 
Reduction of electricity demand for desalination 
• Water saving by the usage of special fittings, e.g. mixing in air at the 

faucet or in the shower 
• Grey water reuse for the garden and parks 
 
An assessment of the electricity saving potentials for the three classes of 
hotels is presented in Figure 3-5. The basis for this rough estimation of the 
minimum electricity saving potential is the difference between the average 
electricity consumption and the benchmark. 
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For the benchmark the best practice can be used. As hotels are very different 
(some have spa, restaurants for external guests, water park etc., while others 
don’t have), the best practice we have seen is most probably not achievable 
for all other hotels without loss of comfort and quality. Therefore as 
benchmark a 10%-quantile has been applied. The 10%-quantile defines the 
one value of a sorted list which just covers the lowest 10% of the 
observation’s mass. 
 
Taking e.g. the best practice for mid-sized hotels, it would result in a 
benchmark of 22 kWh per rented room, which is a very low figure. The 
10%-quantile defines a benchmark of 31 kWh per rented room. According 
to our experiences the 10%-quantile benchmark is a more realistic figure. 
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Figure 3-5: Assessment of the electricity saving potential in the different hotel classes 
 
The electricity saving potential of the three different hotel classes in 
percentages are presented in Figure 3-5. They are between 49% and 63%. 
A prognosis of the electricity saving potential for the Bahamian hotels is 
also presented in Table 3-11. For this prognosis the total electricity demand 
per class is multiplied with the percental saving potential. 
 

Large 210,238,526 kWh 50% 105,005,485 kWh
Medium 92,771,047 kWh 49% 45,238,363 kWh
Small 121,238,783 kWh 63% 75,987,428 kWh
Total 424,248,357 kWh 53% 226,231,276 kWh

Total saving potentialSaving 
Potential

Total calculated 
electrcity comsumption

Saving 
potential 

[%]

 
Table 3-11: Total electricity saving potential of the hotel sector 
 
On the basis of the hotel audits for the Bahamian hotel sector, electricity 
saving potential of more than 53% has been identified. As a result more than 
226 million kWh of electricity could be avoided every year. 
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3.4 Public buildings 

Public buildings count for about 10% of the electricity consumption in The 
Bahamas. It was foreseen that Fichtner performs a sample of ten energy 
audits to analyze the energy efficiency of government offices and 
institutions. 
 
For the selection of the public buildings and the arrangement of the audit 
program Fichtner was supported by BEST.  

3.4.1 Selection of public buildings 

On November 26, 2009 the Ministry of Public Works & Transport sent a list 
of recommended buildings for energy audit to BEST. This list comprised 40 
public buildings on different islands and for different use. 
 
On December 7, 2009 an energy audit for the Anatol Rodgers High School 
was performed. On this day also Minister of State for the Environment 
Phenton Neymour was present. This first energy audit of a public building 
was in the news and on TV. 
 
During the hotel audit on Bimini Fichtner was asked also to visit the local 
governmental administration building on Bimini, which in 2009 was the 
second public building. Mainly at the end of the hotel audit campaign in 
2010, ten additional public buildings have been visited by our expert Dr. 
Sven Eckardt. This means that in total 12 public buildings have been 
audited. 
 
The following list gives an overview about the 12 audited public buildings. 
 
DATE OF AUDIT NO. USE BUILDING

12/7/2009 1 School Anatol Rodgers High School
12/10/2009 2 Office Bimini Administration Building
1/13/2010 3 Office Ministry of Works
5/2/2010 4 Office Churchill Building ‐ Cabinett Office

5 Office House of Assembly/Senate

6/2/2010 6 Post Office Main Post Office

7 Clinic Clinic Elisabeth Estates

8/2/2010 8 School Uriah Mc Phee School

9 Hospital Geriatrics Hospital

9/2/2010 10 Office Ministry of Education HQ

10/2/2010 11 Clinic Clinic Gambier

12 School S C Mc Pherson School  
Table 3-12: List of audited public buildings with respective use 
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3.4.2 Methodology 

BEC has provided monthly energy consumption data for selected meters. 
These data are intended to be used to visualize the monthly energy 
consumption of the public buildings. 
 
To make the energy consumption of the very different public buildings 
comparable, the specific energy demand in kWh/sq ft can be used as an 
indicator. 
 
To determine the specific energy demand in kWh/sq ft the effective area of 
the public buildings is required. Unfortunately no floor plans to determine 
the effective area was provided by the Ministry of Works. To estimate the 
floor area of each of the public buildings Fichtner did some additional 
effort. 
 
Based on satellite pictures, the roof area for each building was measured and 
was equated to the base area. The total floor area of a building could be 
determined by multiplying the number of stories with its base area. To avoid 
an over estimation a reduction factor needed to be introduced,. To calculate 
the total floor area one needs to take into account, that the outer walls and 
the interior layout reduce the total space significantly. Regarding to the 
German Energy Saving Directives a reduction factor of 25% must be 
applied. A reduction factor of the same size has been applied for The 
Bahamas. The total floor area of a building is an important indicator to get 
an idea of the dimension of energy consumption and it is also needed to 
calculate the energy efficiency of the total sector. 

3.4.3 Findings from public building audits 

As described in the methodology one main input for the energy audits are 
the floor plans. Unfortunately until today Fichtner still has not received the 
floor maps of most of the public buildings. Therefore, the evaluation of the 
collected data can only be based on a rough estimation. 
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3.4.3.1 Estimation of floor area 

Ministry of Work & Transport 
 

 
Figure 3-6: Aerial view and front view of the Ministry of Works & Transport 
The roof area of the building of the Ministry of Works & Transport amounts 
to 11,630 square feet which is equal to its base area. To get the total floor 
area, the obtained base area must be multiplied with the 4 levels of the 
building, as seen in the picture on the right. Subsequently the total area 
needs to be reduced by 25%.  
 
Finally the estimated total floor area of the Ministry of Works & Transport 
adds up to 34,891 square feet. 
 
Cabinet Office (Churchill building) 
 

 
Figure 3-7: Aerial view and front view of the Cabinet Office 
 
The roof area of the building of the Cabinet Office amounts to 14,741 
square feet which is equal to its base area. To get the total floor area, the 
obtained base area must be multiplied with the 4 levels of the building, as 
seen in the picture on the right. Subsequently the total area needs to be 
reduced by 25%. 
 
Finally the estimated total floor area of the Cabinet Office adds up to 44,222 
square feet. 
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House of assembly 
 

 
Figure 3-8: Aerial view and front view of House of Assembly 
 
The roof area of the building of the House of Assembly amounts to 5,926 
square feet which is equal to its base area. To get the total floor area, the 
obtained base area must be multiplied with the 2 levels of the building, as 
seen in the picture on the right. Subsequently the total area needs to be 
reduced by 25%.  
 
Finally the estimated total floor area of the House of Assembly adds up to 
8,889 square feet. 
 
Main Post Office 
 

 
Figure 3-9: Aerial view and front view of the Main Post Office 
 
The roof area of the building of the Main Post Office amounts to 37,133 
square feet which is equal to its base area. To get the total floor area, the 
obtained base area must be multiplied with the 7 levels of the building, as 
seen in the picture on the right. Subsequently the total area needs to be 
reduced by 25%. Finally the estimated total floor area of the Main Post 
Office adds up to 194,948 square feet. 
 
Elisabeth Estate Clinic 
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Figure 3-10: Aerial view and front view of the Elisabeth Estate Clinic 
 
The roof area of the building of the Elisabeth Estate Clinic amounts to 9,191 
square feet which is equal to its base area. To get the total floor area, the 
obtained base area must be multiplied with the number of levels of the 
building which in this case is only the floor level, as seen in the picture on 
the right. Subsequently the total area needs to be reduced by 25%. 
 
Finally the estimated total floor area of the Elisabeth Estate Clinic adds up 
to 6,893 square feet. 
 
 
Uriah McPhee Primary School  
 

 
Figure 3-11: Aerial view and front view of Uriah McPhee Primary School 
 
The roof area of the building of the Uriah McPhee Primary School amounts 
to 22,148 square feet which is equal to its base area. To get the total floor 
area, the obtained base area must be multiplied with the 3 levels of the 
building, as seen in the picture on the right. Subsequently the total area 
needs to be reduced by 25%.  
 
Finally the estimated total floor area of the Uriah McPhee Primary School 
adds up to 49,832 square feet. 
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Geriatrics Hospital at the Sandilands 
 

 
Figure 3-12: Aerial view and front view of the Geriatric Hospital 
 
The roof area of the building of the Geriatric Hospital amounts to 29,635 
square feet which is equal to its base area. To get the total floor area, the 
obtained base area must be multiplied with the 2 levels of the building, as 
seen in the picture on the right. Subsequently the total area needs to be 
reduced by 25%. 
 
Finally the estimated total floor area of the Geriatric Hospital adds up to 
44,452 square feet. 
 
Ministry of Education 
 

 
Figure 3-13: Aerial view and front view of the Ministry of Education 
 
For the Ministry of Education the floor plans were provided by the 
Bahamian administration indicating a floor space of 32,000 square feet per 
level. The building has 3 levels, so that the total floor space adds up to 
96,000 square feet. 
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McPherson Junior High school 
 

 
Figure 3-14: Aerial view and front view of McPherson Junior High School 
 
The roof area of the building of the McPherson Junior High school amounts 
to 46,949 square feet which is equal to its base area. To receive the total 
floor area, the obtained base area must be multiplied with the 2 levels of the 
building, as seen in the picture on the right. Subsequently the total area 
needs to be reduced by 25%. 
 
Finally the estimated total floor area of the McPherson Junior High school 
adds up to 70,424 square feet. 
Bimini Administration building 
 

 
Figure 3-15: Aerial View and front view of the Bimini Administration Building 
 
The roof area of the building of the Bimini Administration building amounts 
to 5,000 square feet which is equal to its base area. To get the total floor 
area, the obtained base area must be multiplied with the number of levels of 
the building which in this case is only the floor level, as seen in the picture 
on the right. Subsequently the total area needs to be reduced by 25%.  
Finally the estimated total floor area of the Bimini Administration building 
adds up to 4,000 square feet. 
 
Table 3-13 gives an overview about the estimated floor area of the public 
buildings. 
 
Public building Floor area 

[square feet] 
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Ministry of Work & Transport 34,892 
Cabinet Office (Churchill building) 44,222 
House of assembly 8,889 
Main Post Office 194,948 
Elisabeth Estate Clinic 6,893 
Uriah McPhee Primary School 49,832 
Geriatrics Hospital at the Sandilands 44,452 
Ministry of Education 96,000 
Mc Phearson Junior High school 70,424 
Bimini Administration building 4,000 
Anatol Rodgers High School 50,232 
Clinic Gambier n.a. 

Table 3-13: Summary of public buildings´ total floor area 
 
It should be mentioned here, that it would be better to have to accurate 
figures from the Ministry of Waste on the basis of the floor plans. 

3.4.3.2 Consumption 

One of the findings for small public buildings is that these buildings are 
not so different from residential homes. In comparison to residential 
buildings besides air conditioning the small public buildings usually do not 
have any significant cooling demand (refrigerator, freezer). Also the energy 
demand for hot water preparation is very low. As end energy in small public 
buildings mainly electricity is used for the following main appliances: 
 
• Air conditioning (mainly wall mount units) 
• Lighting 
• Computer, printers, Fax 
• Other electronic devices 
 
A split of the use of electricity in small public buildings is presented in the 
figure below. 
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Electricity consumption per application 
in small public buildings
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Figure 3-16: Split of electrical usage in smaller public buildings 
 
According to our findings the largest consumers are: 
• Air conditioning (31%) 
• Lighting (29%) 
• Office electronics – mainly computers (23%)  
 
These three appliances account for more than three fourth of the overall 
electricity consumption. 
 
The specific electricity consumption of the small public buildings is 
between 16 to 20 kWh/sq ft and year. 
 
As most of the floor plans are still missing, useful indicators, as for example 
the energy consumption per sq ft were not included in the preliminary 
findings of the last report. For this report the floor areas have been estimated 
by Fichtner, which allows to roughly assess the specific energy 
consumption per sq ft. 
 
The monthly consumption data from BEC were assigned to the respective 
public buildings. 
 
Figure 3-17 and Figure 3-18 show annual electrical load curves of the 
several public buildings. 
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Figure 3-17: Electrical load curve of public buildings 
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Figure 3-18: Electrical load curve of small public buildings 
 
The annual electricity consumption in KWh per year of the audited public 
buildings is presented in Figure 3-19. 
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Annual electricity consumption of audited public buildings

0

500.000

1.000.000

1.500.000

2.000.000

2.500.000

3.000.000

Mini
str

y o
f E

du
ca

tio
n

Main
 P

os
t O

ffic
e

Mini
str

y o
f W

ork
s*

Chu
rch

ill 
Buil

din
g

Geri
atr

ics
 H

os
pit

al

Ana
tol

 R
od

ge
rs 

High
 S

ch
oo

l

MC P
he

rso
n S

ch
oo

l

Elis
ab

eth
 E

sta
te 

Clin
ic

Bim
ini

 A
dm

ini
str

ati
on

 B
uil

din
g

Clin
ic 

Gam
bie

r

Uria
h M

c P
he

e S
ch

oo
l

Hou
se

 of
 A

ss
em

bly
 / S

en
ate

A
nn

ua
l e

le
ct

rc
ity

 c
on

su
m

pt
io

n 
in

 k
W

h

* based solely on a rough estimation  
Figure 3-19: Electricity consumption of audited public buildings 
 
For the Ministry of Works only the consumption of one month from August 
to September has been supplied. On the basis of this solely figure the annual 
consumption was estimated by Fichtner. It therefore has to be taken in mind, 
that the electricity consumption figure of the Ministry of Works has to be 
treated with care and that there is a certain uncertainty with this estimated 
figure. 
 
Specific consumption figures have been determined by dividing the monthly 
consumption in kWh by the estimated floor area in sq ft. This is presented in 
Figure 3-20 and Figure 3-21. 
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Figure 3-20: Specific electricity consumption per square foot 
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Figure 3-21: Specific electricity consumption per square foot for small public 

buildings 
 
Figure 3-22 compares the specific annual consumption figures of the 
audited public buildings. They range from about 1 kWh/sq ft for the House 
of Assembly (which is very seldom used) to more than 25 kWh/sq ft. The 
specific annual consumption of the Ministry of Works is only based on a 
very rough estimation. As this figure is very uncertain, it is not considered 
in the following evaluation. An average figure is between 10 and 20 kWh/sq 
ft. It is also obvious that schools which are not in use the whole summer and 
which are usually only partly cooled consume much less than fully air 
conditioned buildings with many windows exposed to the sun. 
 
From Figure 3-22 it is also obvious that the Uriah Mc Phee School does fall 
completely out of the other specific figures. This confirms our concern that 
the consumption figures for this building are not consistent. 
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Figure 3-22: Specific electricity consumption per square foot of audited public 

buildings 
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While taking a closer look on the figures above, one can see that the three 
audited schools show some of the lowest monthly and lowest annual 
consumption figures of all surveyed public buildings. The specific monthly 
figures are ranking between 0.3 to 0.9 kWh / sq ft. Only Uriah McPhee 
Primary school shows a significant lower consumption per square foot 
which should be focused on. When having a look on Figure 3-18 the 
discrepancy in energy consumption becomes even more obvious. While 
Anatol Rodgers High school and McPherson Junior high consume 
317,166 kWh and 252,640 kWh in 2009, McPhee Primary school comes to 
an alleged energy consumption of only 30,263 kWh in the same timeframe. 
Fichtner came to the conclusion that there must be some inconsistencies in 
the supplied load patterns. 
 
One reason to explain this immense difference of almost ten times lower 
consumption figures compared to the other schools, could be a mistake in 
the supplied data. It is conceivable that in McPhee Primary school might be 
more than one power meter installed and BEC might accidentally missed to 
send data for all of them.  
 
As the school building is 100% air conditioned it could be that the air 
conditioners, which are assumed to contribute the majority to the buildings 
energy consumption, have their own meters, which are not scheduled by 
BEC. 

3.4.3.3 Good practice 

Good practice was found in some of the audited public building. The 
following section shows some of the applied good practices in the public 
buildings of The Bahamas. 
 

 
Figure 3-23: "Light colored office building with partial shading by eaves" 
 
Coloring, shading and planting to minimize heat gains: 
• Several buildings had light colored walls and light colored, reflective 

roofs to minimize heat gains due solar radiation what reduces the 
cooling load. 
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• Roof eaves were used in some buildings for partial shading of walls. 
This measure to reduce heat gains is most effective when applied on the 
south side of the building. 

 

 
Figure 3-24: "Light colored school building shaded by a tree" 

 
• Within the direct surrounding of some buildings trees and other 

medium and tall plants have been planted to shade the building, absorb 
solar radiation and cool the area by evapotranspirational effects. 

• Most buildings used devices such as hurricane shutters or curtains to 
reduce heat gains through the windows. These measures are most 
effective when applied on the outside of the windows  

 
Air conditioning: 
• Some of the audited buildings placed the chiller of centralized air 

conditioning system in a shaded or partially shaded area. One building 
shaded even the chiller of a decentralized unit. Shading the A/C system 
reduces its energy consumption. 

 

 
Figure 3-25: "Building with hurricane shutters and shaded decentralized A/C system" 

 



 
 

 
7399P02/FICHT-6472615-v1  3-29 

 
 

• Operating the A/C system only when necessary also saves electricity. 
For example at least one of the audited schools switches the air 
conditioning off during the summer break but keep operating it during 
the weekend because of difficulties to restart the system. 

• The temperature control should be covered to prevent a change of the 
default temperature by unauthorized staff. Still should the possibility to 
activate and deactivate the air conditioning according to personal needs 
be provided. 

 
Lighting and electrical consumers 
• One of the audited buildings used at least for the outer lighting partially 

energy saving lights. These bulbs can save several percent of the total 
electricity used for lighting. 

 

 
Figure 3-26: “Power outlet strip with on/off switch" 

 
• Power strips equipped with an on/off switch as applied in some of the 

audited buildings can reduce electricity costs caused by standby 
consumption. 

3.4.4 Potentials 

The following summary shows some potential of our preliminary findings. 
Most of them are not quantified until now: 
 
• Shading of windows - if possible - to avoid too much heat influx 
• Natural ventilation during night - if possible 
• Awareness of employees 
• Energy saving competition between departments (if they do have 

separate meters) or between different buildings 
• Temperature setting of the air conditioning at about 72°F to 73°F 
• Adjustment of the temperature profile and control dependent on 

occupation, season, and time of the day 
• Insulation of ceilings  
• Insulation of air ducts to reduce cooling demand 
• Fluorescent T12 tubes to be replaced by conventional T8 tubes (-15%) 
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• Fluorescent T12 tubes to be replaced by efficient T8 tubes with good 
reflectors (-40%) 

• Energy saving bulbs instead of incandescent bulbs 
• Presence detectors for lighting (-10% to -30%) 
• Clock timers for lighting 
• Daylight control 
• Switchable multi socket outlets, to switch of electronic devices during 

night and to avoid stand by losses (-5% to – 10%) 
• Energy saving electrical devices e.g. computers reducing also the heat 

load in air-conditioned areas. 
 
• “50:50 project” in schools. The objective of a so called “50:50 project” is 

to sensitize the students for the energy topic. E.g. they should lean to 
close the window if the AC is in operating, they should switch off lights 
during times when they are not in the class room to save energy. As an 
incentive 50% of the achieved annual energy savings (measured against 
the baseline) should be given to school for its disposal. The remaining 
50% are for the board of education which is paying the energy bills. To 
start such a project a training of the students is required. 

 
• A calculation of the annual energy consumption with measures to reduce 

the energy consumption should be a mandatory part of the design phase 
of all new public buildings to avoid design errors. One bad example is 
the new gym of the Anatol Rodgers Junior High School.  

 
If the air conditioning in the gym is running, it will waste a lot of energy, 
because the flow of the cold air was not taken into account. A portion of the 
cool air from the top will directly disappear through the hurricane shutter 
which is mounted only about 4 to 6 ft above the ground. 
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3.5 Household audits 

Besides tourism the residential sector is another major consumer of power in 
The Bahamas. Households consume another 40% of all electricity. 
Therefore energy audits for a sample of 18 representative households have 
been performed. 
 
Sample audits have also been undertaken with households in a similar 
manner as for hotels and public buildings. In principle similar options of 
efficiency improvements can be considered. 

3.5.1 Selection of households 

In order to obtain a representative picture about energy consumption 
patterns and efficiency options in Bahamian households a sample of 18 
household audits from several islands was foreseen. During the kick-off it 
was agreed to consider only households on New Providence, as part of the 
selection of households will also be representative for Grand Bahamas and 
the family islands. 
 
The Ministry of Environment provided a map of New Providence with 40 
stochastically selected households in four different zones. Our local partner 
CCG contacted the listed persons by phone and tried to arrange the audits. 
Unfortunately the response was very disappointing. In accordance with 
Fichtner our local partner CCG contacted additional other home owners in 
the predefined four zones. Based on these contacts CCG was able to identify 
the required number of households. 
 
For each zone five households were audited. 

3.5.2 Methodology 

A questionnaire has been designed for the data collection during the energy 
audits. This questionnaire is split into the main issues: 
 
• General information 
• Building information 
• Electricity consumption 
• Additional information 
 
In addition to the questionnaire a help file has been developed to help the 
auditor to fill in the questionnaire. This help elaborates for example how the 
living area can be estimated and what types of material for walls, roofs, 
floor and windows to select. Another important issue is the electricity 
consumption. Many households do preserve their electricity bills. If the 
electricity consumption of one month or even only the average monthly 
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costs are available, the help file provides methods to estimate the annual 
electricity consumption. 
In addition, most of the audited home owners signed a “no objection 
agreement” with CCG that allows CCG to access the historical electricity 
consumption data from BEC. After receipt of the BEC data Fichtner was not 
able to assign all of the data to the audited households. In those cases were it 
was not possible, Fichtner has used the data which were received during the 
audits. 
 
The monthly consumption figures allow distinguishing between ‘base load’ 
for lighting, hot water production, computers, TV, washing machine, 
refrigerator, freezer, etc. and ‘cooling load’ for the air conditioning system. 
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Figure 3-27: Typical load curve of a household with cooling demand in summer 

3.5.2.1 Analysis of the audits 

Based on the information gathered in the questionnaire Fichtner calculates 
the theoretical electricity load of each household. This calculation starts 
with the determination of the ‘base load’, which is based on average 
electrical power figures (in Watt) per appliance and individual usage hours. 
 
The calculated electricity consumption figure for ‘base load’ is then 
adjusted with the actual ‘base load’ consumption. This is a recursive 
process, as each new audit allows improving the quality of the average 
power figures. If for example home owner A uses appliance X while home 
owner B does not have this kind of appliance at all, our methodology allows 
to determine the consumption of the appliance X. Dividing the consumption 
in kWh by the average usage hours results in the average power in Watt. 
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Another approach to quantify the average electrical power of the different 
appliances is the provision of power meters. These power meters have been 
purchased by Fichtner in the United States. The power meters are available 
at CCG and they allow determining: 

a) the electrical power in Watt (in operation / in stand by), 
b) the electricity consumption in kWh (e.g. per washing cycle). 

 
CCG lend the power meters to the audited households together with a data 
sheet for the measured figures. 
 
The ‘cooling load’ is the difference between the ‘calculated base load’ and 
the total consumption (see Figure 3-28). 
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Figure 3-28: Calculated monthly electrical load of a typical household 
 
This cooling load can then be cross checked with the information from the 
questionnaire about the cooled area, the cooling period and the 
characteristics of the house (shading, etc.). 
 
A useful indicator for the evaluation of the data and the presentation of the 
results is the specific energy consumption per sq ft, but also per sq ft and 
inhabitant. 
 
At the end of the evaluation of all household audits for each household an 
individual report is generated showing the actual load curve and the split of 
the consumption according to the different appliances. Also individual 
energy saving measures are presented. These reports will then be submitted 
to the home owners. 
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3.5.2.2 Interpretation of the collected data 

The results of the audits suggested a division of all households into three 
consumer types: 
 

a) Luxury homes 
b) Normal houses 
c) Small households  

Furthermore, the category of normal houses is divided into three categories 
corresponding to the number of inhabitants per household:  
 

I. 1 to 2 inhabitants;  
II. 3 to 7 inhabitants;  
III. 8 and more inhabitants 

 
Households with less than 6 members and an annual income above 100,000 
$ and those with one or two members and more than 80,000 $ per year are 
considered as “Luxury homes”. Small households comprise all of those that 
dispose of less then 15,000 $ yearly. All other households are considered to 
be “Normal houses”. 
 
To identify total saving potentials, these different consumer types are than 
correlated with adopted data from the last published census of the Bahamian 
population from 2000. We estimate that even though the population has 
grown in the order of about ten per cent, the categories itself have stayed 
unchanged as seen in Figure 3-29. In 2007 the incomes were higher than in 
2000 but they changed back until 2009, probably due to the economic crisis. 
Within the group of households between 20,000 and 80,000$ there have 
been changes of the distribution which are not further investigated in regard 
to our calculations since they all take place within the group of normal 
houses. 
 

 
Figure 3-29: Households per income group 
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The calculated numbers of households are than broken down to the 
inhabitants leading to a number of inhabitants per consumer type and 
category. These inhabitants are multiplied with the average consumption 
attributes found in the audits in order to estimate the total consumption 
characteristics of the whole population. 
 
Type Households Inhabitants Inhab./Household
Luxury homes 3,099 12,176 3.93 
Normal houses 63,888 265,344 4.15 
Small households 20,755 54,772 2.64 
Table 3-14: Estimated no. of inhabitants and households 2008 
 
To quantify saving potentials the “best user” is identified for each 
application and used as a benchmark. Furthermore, a theoretical saving 
potential is proposed which is based on state of the art techniques and 
expedient use of passive measures. 

3.5.3 Main findings from household audits 

The houses are very different in size and in standard. A large luxury house 
consumes about 3 to 5 times more electricity than a smaller normal house. 
We distinguish between luxury homes and normal houses according to 
following criteria. 
 

 
Table 3-15: Distinctive elements between normal houses and luxury homes. 
 
Regarding the building envelope there are some common issues in almost 
all Bahamian residential buildings: 
• Houses do neither have a basement nor a crawlspace. Bahamian houses 

have a concrete foundation which rests on the soil surface 
 
Wall: 
• The outer wall is made of brick (about 8 to 12 inches) and is not 

insulated 
• The color of the outer wall in most cases is a light and  reflects large 

parts of the solar radiation 
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Roof: 
• Roofs are usually cooled by natural ventilation (cross ventilation with 

inlets and outlets at the eaves, convection ventilation with inlet at the 
eaves and outlets at the gable)4 

• The space under the roof is used for installation purposes and usually 
uninhabited 

• The upper ceiling of the houses is not insulated, which allows the heat 
from the roof to be easily transmitted into the house 

• Roof colors are from light colors to black 
• The typical roof pitch is about 15° 
 
Windows: 
• Many windows are hurricane shutters and therefore also openable 
• Not many buildings have eaves which allow effective shading of 

windows. The typical eave is about 2 to 4 ft 
 
Regarding the energy consumption of the households the following is 
evident: 
 
Air conditioning / cooling: 
• As The Bahamas have a hot humid climate, there is a need for cooling. In 

most cases air conditioning systems are used for cooling purposes.  
• In luxury homes a large part of the indoor area is air conditioned 
• In normal houses air conditioning is usually used only in a small part 

(bed room and / or living room) of the building 
• Some households use natural ventilation and fans to cool the house 

during summer 
 
Hot water / lighting: 
• Almost all households (more than 90%) use electricity to produce their 

hot water 
• Because of the high electricity prices by the end of 2008 many home 

owners are sensitive to electricity costs. As a consequence of that energy 
saving bulbs (CFL – compact fluorescent lamps) gain market. Even in a 
warehouse on Eleuthera they offered more CFLs than incandescent 
bulbs. But still incandescent bulbs and halogen lights (for outside 
lighting) are dominating. 

 
Other devices: 
• For cooking LPG and electricity is used (about 50:50) 
• Washing machines are typically vertical axis machines, which consume 

much more water than horizontal axis machines. 
 
Some new luxury homes have: 

                                                 
4 Cooling here means to reduce the heat load. The heat is accumulated inside the roof 
during a sunny day. 
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• An insulated upper ceiling 
• Large eaves to cover outside terrace. As a side effect the large eaves 

reduce the heat load because they are shading part of the windows 
 
The awareness of passive measures which could reduce the heat load of the 
houses by the use of light colors for the roof and the outer walls, insulation, 
shading of windows and natural ventilation seems to be not so extensive on 
The Bahamas.  
 
Nevertheless from many discussions with home owners, hotel staff and 
other people it is obvious that the high electricity prices have increased the 
sensitivity for energy costs and energy conservation. As a consequence of 
people tend to exchange their lights (replacement of incandescent bulbs with 
CFL) and reduce the use of their A/C system. A useful indicator for home 
owners and decision makers would be the knowledge of how much energy 
they spend on what. In this respect the use of individual plug-in power 
meters could be very helpful. 

3.5.4 Power measurements of different appliances 

Unfortunately these meters seem to be almost unknown on The Bahamas. 
We had to purchase the power meters in the United States (see Figure 3-30), 
because we were not able to buy them on The Bahamas. This might also be 
a good explanation why Bahamian people are not used to them. As a 
consequence the power meter measurement by the home owners shows 
some inconsistencies and demonstrates the deficit in the use of the power 
meters. It turned out, that it was not that easy for the home owners to take 
measures. Unfortunately, the data sheets we received from the home owners 
were not very helpful, as the figures were partly inconsistent. It appears that 
e.g. the meters were not reseted or other mistakes in the usage have 
occurred. 
 
If the power meters – which in general are very helpful for energy audits – 
will be used in other projects, they should only be used by trained staff. 
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Figure 3-30: Power meter ‘Kill A Watt P4460’ from P3 International 
 
Despite of these difficulties and with the help of the CCG staff we were able 
to derive some reliable results. We corrected these with Fichtner estimations 
and results from other sources. According to their use, for some appliances 
the Wattages and for others the consumption per cycle or period have been 
collected. We also differentiate between devices switched on (fulfilling their 
primary technical function) and in stand by mode (plugged-in but not 
switched on). Results were as follows: 
 

Device Mode Minimum 
[Watt] 

Maximum 
[Watt] 

Average 
[Watt] 

switched on 60 590 180 TV  
stand by 11 54 30 

switched on 90 290 190 Computer  stand by 10 40 30 
switched on 27 60 40 Laptop  stand by 14 14 14 
switched on 800 1400 1000 Microwave  stand by 3 5 4 
switched on 3 7 5 Recharger 

for mobil  stand by 0,5 3 1 
Table 3-16: Electricity consumption of different devices in Watts 
 

Device Minimum 
[kWh/cycle] 

Maximum 
[kWh/cycle] 

Average 
[kWh/cycle] 

Washing 
machine 

0,22 0,44 0,3 

Dryer 3,5 6 4 
 

Dishwasher   1,7 

Table 3-17: Electricity consumption of different devices in kWh per cycle 
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Measuring the electricity consumption of refrigerators led to a separation of 
the devices in two groups; one group for the refrigerators with an in-built 
freezer and one for those without. In both categories the result was a 
function that takes into account the size and the age of the refrigerator. 

3.5.5 Electricity consumption 

The electricity consumption of twelve households was gathered during the 
energy audits. For some households consumption data was provided by 
BEC, unfortunately only they could only be allocated partly to the audited 
households. 
 
The evaluated houses have a total living area in the range of 980 sq ft to 
almost 5,700 sq ft. The average living area of these houses is about 2,600 sq 
ft. In this regard it has to be considered that the audits contain a share of 
luxury homes that is disproportionally high. 

3.5.5.1 Absolute consumption figures 

The annual electricity consumption of the evaluated households is in the 
range of 3,600 kWh to 48,600 kWh per year, with an average consumption 
of 21,000 kWh per year (see Table 3-18 and Figure 3-31). This calculated 
average consumption figure is of course not representative for the 
households in The Bahamas – it is simply the average of the twelve sample 
buildings. According to BEC data the average electrical Bahamian 
household consumption is about 7,500 kWh per year. 
 
Type Minimum Maximum Average 
Luxury homes 24,356 48,580 34,528 
Normal houses 3,626 10,462 7,416 
Total sample 3,626 48,580 20,972 
Table 3-18: Annual electricity consumption in kWh (of 12 houses sample) 
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Figure 3-31: Annual residential electricity consumption (sample of 12 households) 
 
In the next step we take a look at the load curve of the households. In the 
analysis of the monthly consumption figures we have distinguished between 
‘luxury homes’ and ‘normal houses’. In Figure 3-32 there are two corridors 
describing the minimum and maximum of the load curves for ‘luxury 
homes’ and for ‘normal houses’. 
 

 
Figure 3-32: Load curves of the audited households (sample of 12 households) 
 
By reduction of the cooling load of the air conditioning system (e.g. by 
increasing the set point or by only partly cooling the house) the electrical 
peak load in summer can be reduced. 
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3.5.5.2 Specific consumption in kWh/sq ft 

In the following evaluation the absolute consumption figures and the load 
curves are related to the living area. Table 3-19 and Figure 3-33 present the 
specific annual electricity consumption of the sample of twelve households 
in kWh per sq ft. 
 
Type Minimum Maximum Average 
Luxury homes 7.9 14.7 11.3 
Normal houses 2.8 8.6 4.3 
Total sample 2.8 14.7 8.2 
Table 3-19: Annual electricity consumption in kWh/sq ft (of 12 houses sample) 
 

 
Figure 3-33: Specific annual electricity consumption in kWh / sq ft 
 
For luxury homes the specific annual electricity consumption in kWh/sq ft 
is typically in the range of 8.0 to 14.0 kWh/sq ft. In Figure 3-33 the values 
#5 and #12 are that small, because these houses have an extraordinary large 
living area. 
 
For typical normal houses, we have found a specific annual electricity 
consumption in kWh/sq ft in the range of 3.0 to 5.0 kWh/sq ft. There is one 
outlier #6 value because that house has a large number of inhabitants and 
therefore consumers on a relatively small living area. 
 
Also a load curve with the specific annual electricity consumption in 
kWh/sq ft can be generated. This load curve is presented as Figure 3-34. 
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Figure 3-34: Specific load curves of the audited households (sample of 12 households) 

3.5.5.3 Specific consumption in kWh/(sq ft * inhabitant) 

In the following evaluation the absolute consumption figures and the load 
curves are related to the living area and the number of inhabitants, because 
also the number of people living in the house has an influence on the 
electricity consumption. Table 3-20 and Figure 3-35 present the specific 
annual electricity consumption of the sample of 12 households in kWh per 
sq ft and per inhabitant. 
 
Type Minimum Maximum Average 
Luxury homes 2.0 3.7 3.1 
Normal houses 0.4 1.5 (3.1) 1.0 (1.3) 
Total sample 0.4 3.7 2.2 
Table 3-20: Annual electricity consumption in kWh/(sq ft*inh.) (of 12 houses sample) 
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Figure 3-35: Specific annual electricity consumption in kWh/(sq ft * inh.) 
For luxury homes the specific annual electricity consumption is typically in 
the range of 2.5 to 3.7 kWh/sq ft. In Figure 3-35 there is one outlier #5 
value, because one of the houses has an extraordinary large living area. 
 
For typical normal houses as a preliminary result, we have found a specific 
annual electricity consumption in the range of 0.5 to 1.5 kWh/sq ft. There is 
also one runaway value because one of the normal houses has only one 
inhabitant. 
 
For this evaluation as well a load curve with the specific annual electricity 
consumption in kWh/sq ft and per inhabitant can be generated. This load 
curve is presented in Figure 3-36. 
 

 
Figure 3-36: Specific load curves of the audited households (sample of 10 households) 
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3.5.5.4 Specific consumption in kWh / inhabitant 

Since the group of normal houses is very inhomogeneous, not all sizes of 
households show the same characteristics. The electricity consumption per 
year and inhabitant strongly depends on the number of members of the 
household as shown in Figure 3-37. 
 

 
Figure 3-37: Yearly consumption in six normal houses in relation to the household size 
 
Typical consumptions were attributed to the different size-categories: 
 

I. 1 to 2 inhabitants:   3,500 kWh / year*inhab. 
II. 3 to 7 inhabitants:   2,000 kWh / year*inhab. 
III. 8 and more inhabitants: 1,000 kWh / year*inhab. 

 
If those values are weighted with the adapted data of the 2000 census an 
overall average for normal houses of 1843 kWh per year and inhabitant is 
found. 
 
As was to be expected, the luxury homes show a much higher electricity 
demand which is typically at about 10,000 kWh per year and inhabitant. 
 
Type Minimum Maximum Average 
Luxury homes 6,089 16,193 10,000 
Normal houses 763 3,626 1,843 
Small households - - 932 
Total - - 7,574 
Table 3-21: Annual electricity consumption in kWh/inhab. weighted with census data 
 
The small households which are typically less equipped with electricity 
consuming devices are estimated to have a demand of 932 kWh per year and 
inhabitant. 
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3.5.5.5 Plausibility check 

To verify our findings an analysis of the available data is indicated. 
 
• According to BEC the average electricity consumption per household is 

in the order of 7,500 kWh per year. This must be found also when 
averaging the total consumption of the three household types 

• The total consumption of our calculations has to be in accordance with 
the total consumption real electricity demand in The Bahamas 

• The average consumption of a small household has to coincide with a 
model household that has a basic equipment and 2,64 inhabitants. The 
model household has a consumption of 964 kWh/yr and per person. 

 
 Value Calculation Consistency 
Average electricity 
demand per 
household 

7500 kWh / yr 7574 kWh / yr  
Total residential 
consumption of 
BEC in 08/09 plus 
16% for the 
population on 
Grand Bahama 

664,588 
MWh / yr 

664,588 
MWh / yr  

Small household 
Avarage – 
modeled 

964 
kWh / yr pP 

932 
kWh / yr pP  

Table 3-22: Annual electricity consumption in kWh/inhab. weighted with census data 
 

3.5.5.6 Coverage ratio of electrical appliances 

To determine the coverage of electrical appliances (except of air 
conditioning) 18 samples have already been analyzed. The coverage ratios 
are presented below. 
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Appliance Coverage 

ratio in % 
Remark 

Electrical hot water 83% 7%  solar; 7% propane 
Electrical fans 100% In average 6 fans per house 
Refrigerator 100%   
Freezer 44%   
Electrical cooking 44% 56% LPG 
Washing machine 100%   
Dryer 61%   
Dishwasher 39%   
Computer 100% In average 2 computers per house; 

Average usage: 3 hours per day 
TV 100% In average 3.6 TV per house; 

Average usage: 5.2 hours per day 
HIFI 78%   
Microwave 100%   
CFLs 83% In 22% of the households as main 

light source 
Table 3-23: Coverage ratios of electrical appliances in the audited households (sample 

of 15) 
 
It is obvious that about 83 per cent of the households in The Bahamas have 
electric water heaters. Only one household of the sample (7%) already uses 
a solar water heater. Two households apply water heating with LPG. And 
one an electrical continuous flow water heater. 

3.5.5.7 Electricity consumption per application 

The split of the electricity consumption per appliance in ‘normal houses’ is 
presented in Figure 3-38. According to our findings the largest consumers in 
‘normal houses’ are electronics in use (TV, computer), stand-by appliances, 
cooling purposes (fridge, freezer) and hot water production followed by 
lighting, with shares of 16%, 15% and 14% of the electricity respectively. 
 
The electricity consumption for cooling of the house (air conditioning) only 
counts for about 4% as the air conditioning is usually limited to only one or 
two rooms and is in operation only during a period of about 100 days in 
summer and then also only a few hours per day. Cooling with fans on the 
other hand is responsible for a 10% share of the electricity consumption in 
this category. 
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Figure 3-38: Typical split of the residential electricity consumption in ‘normal houses’ 
 
For those normal houses that have at least half of their bulbs replaced by 
energy saving bulbs the split of the electricity consumption per appliance 
looks slightly different (see Figure 3-39). In those houses which have been 
analyzed the consumption for lighting is significantly reduced. 
 

 
Figure 3-39: Split of the residential electricity consumption in ‘normal houses’ with 

energy saving bulbs 
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Figure 3-40 shows the split of electricity consumption in luxury homes. 
Those houses have high electricity consumption for cooling of the house. 
More than one third of the electricity is used for the air conditioning system. 
Lighting also has a large portion. This is mainly because of the security 
lights, which are switched on the whole night (no one has motion detectors 
which switch them on only if required). The low share of electricity 
consumption for hot water, electronics, stand by and others does not mean 
that the consumption of these appliances is little but only that the total 
consumption of the luxury homes is very high. 
 

 
Figure 3-40: Split of the residential electricity consumption in ‘luxury houses’ 

3.5.5.8 Shares of residential electricity consumption of consumer types 

As shown above the electricity demand of the different consumer types is 
not proportional to their share of the population. 
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Figure 3-41: Split of the consumer types within the population 
 
The normal houses have the biggest share of both, the population and the 
electricity consumption. Not surprisingly, the luxury homes consume 18% 
of the total residential electricity demand even though they represent only 
4% of the population. 
 

 
Figure 3-42: Split of the residential electricity consumption 
 
The small households have a share of only 8% of the demand but represent 
16% of the population. 

3.5.6 Saving potentials 

The identified saving potentials are significant and could attain, if all 
measures to meet the benchmark were applied, up to 57% of the total 
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residential electricity consumption. They could be even higher when taking 
into account the theoretical saving potentials. 
The electricity demand for water heating is about 80,800 MWh/yr 
representing 12% of the total residential demand. When applying solar 
water heaters with a relatively low solar fraction of 85%, more than 10% of 
the electricity demand for residential use on The Bahamas could be saved. 

3.5.6.1 Normal houses 

 
Table 3-24: Consumption and saving potentials in normal houses 
 
Since the normal houses represent the biggest share of the electricity 
demand in The Bahamas, there is an enormous saving potential. 58% could 
be avoided by meeting the benchmark requirements, representing 43% of 
the total demand for residential electricity. More savings are nevertheless 
possible when applying additional measures. 
 

 
Figure 3-43: Consumption and potentials in normal houses 
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3.5.6.2 Luxury homes 

 
Table 3-25: Consumption and saving potentials in luxury homes 
 
On one hand within the luxury homes there are also vast potentials for 
energy efficiency measures as well as sufficient funds for applying them. 
On the other hand, home owners may not feel the pressure of rising energy 
prices quite as heavy as owners of normal houses. Since the luxury homes 
have a share of 18% of the total residential electricity demand it is important 
to motivate concerned home owners since their consumption could be cut in 
half. Luxury homes are typically equipped with security lighting. 
 

Figure 3-44: Consumption and potentials in luxury homes 
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3.5.6.3 Small households 

 
Table 3-26: Consumption and saving potentials in small households 
 
In the small households the saving potentials are, even though existent, 
more limited. This is due to the relatively small number of appliances that 
are present, additionally it can be assumed that in these households rising 
energy prices lead to a necessity for saving. The most realistic potentials lay 
in the replacement of incandescent bulbs with CFLs and a more conscious 
and focused use of fans. It is probably faire to estimate that a big share of 
these households is situated in rented dwellings. Therefore, measures that 
affect the building, like solar water heating are in the responsibility of the 
landlord. This can pose a problem in the way that the landlord has no direct 
advantage from these investments. 

3.5.7 Good practice 

Good practice was found in some of the audited households. In the 
following a short list of some of the good practices in the household sector 
of The Bahamas is shown. 
 

 
Figure 3-45: Open windows promoting natural cross and stack ventilation 
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Use of natural ventilation 
• One audited household was exclusively using natural ventilation to cool 

the house. This works, as the house has enough windows to allow cross 
ventilation and also has a second floor which creates a natural air flow 
from the open windows in the ground floor to the open windows in the 
upper floor. 

 

 
Figure 3-46: Example for a wall partially shaded by plants and trees 
 
Coloring, shading and planting – minimizing heat gains 
• In several houses light colors of the walls and especially the roofs 

minimized heat gains 
• Large roof eaves where found in some houses, these shade the walls and 

windows and are most effective on the south side 
• Some home owners who disposed of a garden greened it in a way that the 

surrounding plants, shrubs and trees not only shaded the house and 
absorb light radiation but also cool the area by evapotranspirational 
effects 

 

 
Figure 3-47: Light colored and reflecting roof but dark and absorbing walls 
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Cooling only parts of the house and when required 
• Some of the audited households with decentralized cooling system 

reduced their electricity consumption for air conditioning by cooling only 
the bed room and/or the living room. 

• Running the A/C system only when really required also saves electricity. 
For example the A/C system can be shut off, if no one is in the house. 

• The use of mechanical ventilation (fans) reduces the need for A/C in 
some households especially in the transitional periods 

 
Replacement of incandescent bulbs by CFL’s 
• In those households where CFL’s are in use, most of the incandescent 

bulbs have been already replaced.  
 
Reduction of energy consumption for security lighting 
• Some security lights are equipped with motion detectors which saves a 

lot of energy due to non-continuous lighting 
 

Figure 3-48: Security lights without (l) and with motion detector (r) 
 
Reduction of electricity consumption for hot water 
• One household was already using solar water heaters for hot water 

preparation 
• Two households use a propane fired water heater, reducing the electricity 

consumption for hot water to zero 
• Flow water heaters instead of hot water storage tanks to reduce radiation 

losses of large and badly insulated storage tanks (reduction potential of 
100 to 200 kWh per month) 

 
Non-electrical cooking 
• In some households the use of a gas stove saved the electricity that would 

be needed when using an electrical stove 

3.5.7.1 Potentials 

Looking at potential energy savings in households it is necessary to 
distinguish between existing buildings and new buildings. In the following 
two text boxes preliminary findings of potentials in the household sector of 
The Bahamas are presented. 
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New buildings: 
New buildings allow to already implement many passive measures which 
first of all prevent the living space from heating up too much. This of 
course reduces the cooling load. 

Structural Measures 

Passive measures to reduce the heat influx 
• To maximize the natural ventilation in a building it should be 

shaped with an extended breadth facing the wind and little depth. If 
a building is cooled only by technical means (air conditioning) it 
should be build as compact as possible. 

• Buildings should be positioned in a way that they have the largest 
façade and large openings in an angle of 30 to 120 degrees 
(optimum 90°) towards the prevailing wind direction. 

• In buildings with an opening in the attic (or roof) and an open space 
for the air to circulate vertically the stack effect can be used for 
ventilation. 

• It is useful to ventilate the attic of a building since it is likely that 
heat accumulates in this area. 

• South-North orientation of the building (the windows face to the 
South and the North. Windows facing to the East and the West gain 
too much heat in the morning and in the evening when the sun is 
low above the horizon – in this case also shading by extensive eaves 
is almost useless) 

• The construction of a building should be done in a way not to 
accumulate too much (thermal) mass since heat will accumulate and 
be radiated during the night. 

• Shading of windows with eaves (50% reduction of heat influx, 
outside shutters ( 70% reduction of heat influx) or trees 

• Use of light colors for outer walls and roof 
• Insulation of upper ceiling, the first layer should be a reflective foil 

insulation, additionally bulk insulations can be added. 
• Planting middle and high growing plants, trees and shrubs in the 

surroundings of a building helps shading it, absorbs light radiation 
and lowers the temperature due to evapotranspiration from the 
leaves and soil 

Active measures for cooling of the house 
• Installation of a high efficient central cooling system with single 

room control 
• In larger buildings even solar cooling can be an option 

 

Structural land use measures 
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Advantageous arrangement of buildings 
An adapted arrangement of the rooms as well as the neighborhood can be 
of great impact. The house should be used in a way that the rooms are 
placed according to their use and time of use. A bedroom is best placed in 
the east, this way it is not heated by the sun in the afternoon. Rooms which 
are occasionally used like laundries or storage rooms can be located in the 
south. Also a whole neighborhood can be optimised for example by leaving 
enough space between two houses in the windward and leeward direction, 
with the objective not to block the wind for the buildings alee. This can be 
achieved with pattern of the roads, the form of the lots, arrangement of 
open spaces etc. 
 
 
New and existing buildings: 
There are also measures which can be taken in new and in existing 
buildings. 

Passive measures to reduce the heat load 
• In existing buildings a dark colored roof could be repainted with a 

light color 
• Planting middle and high growing plants, trees and shrubs in the 

surroundings of a building helps shading it and lowers the 
temperature due to evapotranspiration from the leaves and soil 

• Sun curtains could be easily used to reduce the heat load from the 
sun by 10% if venetian blinds with reflective slats are used the 
reduction can be up to 30%. But: shading from outside is much 
more effective than the use of sun curtains (the temperature behind 
sun curtains is much higher than behind a window which is shaded 
from outside). 

• A more effective, but also more cost intensive measure is the use of 
outside shutters that keep out the sun. They reduce heat gains from 
the sun significantly by up to 70%. 

• Usage of natural ventilation to cool down the house during night 
 

A/C unit 
• The use of digital controllers for the A/C unit allows an accurate 

setting of the temperature 
• Shading of the outside chiller of the A/C unit increase the efficiency 

and reduces the electricity consumption of the A/C unit 
 

Reduction of electricity consumption for hot water 
• Use of solar water heaters for residential homes could save about 10 

to 15% of the electricity used in the household sector 
• Flow water heaters instead of hot water storage tanks to reduce 

radiation losses of large and badly insulated storage tanks (can 
reduce the electricity consumption for hot water preparation up to 
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50%) 
• Use of horizontal axis washing machine which has a lower water 

demand. 
• If solar hot water is produced the washing machine should have a 

hot water intake 
 

Reduction of electricity consumption for lighting 
• The replacement of incandescent bulbs with CFL’s usually has a 

payback period of about 1 to 2 years, depending on the usage of the 
lighting. A CFL saves about 60% to 80% of electricity if compared 
to an incandescent bulb. If a bulb with 60 W that is installed for 
example in the living room and lighted for five hours per day, is 
replaced by a CFL with 14 W, the annual savings would be of 84 
kWh. This represents with rate of 0,25 $ / kWh savings of 
approximately 21 $ per year and bulb. 

Ecomomic security lighting 
• Use of motion detectors for outside security lights. A motion 

detector that runs on 4 W and reduces the lighted time of a security 
light to ten minutes per hour saves at least 310kWh per security 
light with 150 W and a runtime of 7 hours per day. This represents 
77$ per year and security lamp. 

 

Training of energy awareness 
• Turning off a light when it is actually not needed for one hour a day 

can save 22 kWh per year representing 5.50 $ per bulb, supposing 
it is equipped with a 60W bulb 

• Switching off the TV when nobody is really watching. On average 
there are 3.6 TVs in one household being switched on for 5.2 hrs 
per day. That are almost 19 television hours per household. If only 
one TV would be switched on for 5 hrs per day this could save 920 
kWh per year, representing 230 $. Each hour in which the TV is 
on costs about 5 cents of electricity even when no one is actually 
watching. 

 

Usage of efficient electrical devices 
• The replacement of old inefficient appliances (e.g. fridge, freezer, 

computer) can save up to 50% to 70% of energy. 
• In the case that an electrical device needs to be replaced the 

Bahamian people should be informed about the possibility to buy 
high energy efficient appliances 

• Using laptops instead of desktop computers saves up to 90% of the 
needed energy 

• Pool pumps should be used in a discontinuous way and not all the 
time through 

Reduction of stand by losses 
• To avoid stand by losses e.g. TV and computers should be plugged 
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in a multi switch, which allows to really switch them off. The costs 
for these multi switches are about 15 $. The more appliances are 
connected the shorter the payback period. As an average a payback 
period of about 1 year can be assumed. 

 

Reduction of electricity demand for RO water 
As most of the potable water on The Bahamas has to be produced with 
RO plants – which consume electricity – the saving of water can also 
save energy. 
• Water saving by the usage of special fittings, e.g. mixing in air at 

the faucet or in the shower 
• Grey water reuse for the garden and the toilet flush 
• Use of horizontal (water consumption of about 13 to 16 gals) 

instead of vertical washing machines (water consumption of 40 to 
60 gals) 
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4. Solar Water Heaters 

4.1 Introduction 

A big potential for saving fossil fuels on The Bahamas exists with solar 
water heaters (SWH). Climatic conditions are ideal on The Bahamas for 
using solar thermal energy for hot water supply. Nowadays, water is 
predominantly heated electrically, either in heat tanks or with instantaneous 
heaters. The use of solar water heaters promises a three-fold dividend, for 
The Bahamas as a whole as well as for electricity consumers and producers: 
 
• Using SWH could reduce overall electricity consumption in The 

Bahamas. Since electricity is produced mainly from oil, this could reduce 
dependency on oil imports. Reducing oil import dependency is 
particularly important when thinking of the oil price volatility in recent 
years and the inherent economic risks. Together with the associated 
positive environmental impacts resulting from reduced oil consumption, 
solar water heaters would contribute to more sustainable energy use.  

 
• Natural conditions in The Bahamas are very favorable for solar water 

heating at rather low specific heat costs. This coincides with relatively 
high electricity prices at The Bahamas. Thus a switch from conventional 
water heating towards more solar water heating promises high economic 
benefits for electricity consumers on The Bahamas. (see section 4.5.2). 

 
• Electricity suppliers on The Bahamas, namely Bahamas Electricity 

Corporation and the Grand Bahama Power Company have a difficult 
task. They have to set up, supply and maintain many single island grids 
without any inter-island grid integration. It means on one hand, to 
operate grids that often do not serve many customers. On the other hand, 
it also means that the peak load of each single island has to be covered by 
the peak load capacity of that specific island, resulting in rather 
expensive costs. Hot water demand obviously coincides with typical peak 
load times of the day, which is for The Bahamas particularly the case in 
the evening peak load. A reduction in electricity consumption for water 
heating could therefore significantly contribute to a cost discharge of the 
electricity companies and will thereby finally support overall reductions 
of electricity rates. 

 
Despite these advantages and the advanced technological maturity of solar 
water heating, there is yet no significant market penetration of solar water 
heaters in The Bahamas. One of the main obstacles for implementation is 
the fact that the main part of involved costs incurs already at the beginning 
of the lifetime of a SWH due to investment. It often requires certain 
stimulation to overcome this investment hurdle. 
 
In the following the potential of SWH is estimated. Further, the general 
conditions for SWH in The Bahamas are discussed. After a brief overview 
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about different SWH components and technologies, suitable SWH systems 
for The Bahamas are selected by first discussing technical criteria and 
afterwards economic criteria. The potential of roofs for solar water heaters 
is calculated. 

4.2 Potential of solar water heaters 

We have investigated the potential of building roofs for the use of solar 
energy. Generally, all flat roofs and all roofs oriented to the south are 
optimal for solar energy use. Further on, a pitch of the solar devices (i.e. the 
modules or the solar collectors) equivalent to the latitude of the site is 
optimal i.e. for the case of The Bahamas between 20 ° and 27 °. However, 
the losses in yield due to an orientation and tilt not entirely optimal are not 
very high (see Section 4.3.1). 
 
We have determined the share of suitable oriented roofs (i.e. oriented south, 
west, east) on the total roof area by digitizing a sample of buildings showing 
the attributes roof direction (inclusive of flat roofs), type of building 
(residential or commercial), and roof area (m²). We used aerial photography 
for this purpose. We restricted our analysis to New Providence and Grand 
Bahama covering more than 80% of Bahamian total population. The sample 
comprises 1.25%, 3.12% of the total building area on New Providence, 
Grand Bahama respectively. On both islands most of the residential 
buildings have a pitched roof, while more than half of the commercial 
buildings have been constructed with a flat roof. In a third step the 
alignment of the roofs is analyzed. The analysis of the sample depicts that 
approximately 70% of the roof areas with a pitched roof are aligned south-, 
west- and eastwards. Nearly two third of the roofs on commercial buildings 
with a pitched roof on Grand Bahama and more than three fourth on New 
Providence are aligned south-, west- and eastwards. As the surveyed area of 
the pitched roofs illustrates the projected roof area, the area of all pitched 
roofs are multiplied by 1.0785 (cos 22°; assumption: roof pitch = 22°) to 
calculate the real roof area. Subsequently, the area of south-, west- and east 
oriented roofs are calculated. 
 
For pitched roofs, a 30% adjustment is subtracted from the area in order to 
consider parts of the roof that are not suitable for SWH installations due to 
dormer windows, air conditioning devices, ducts, and satellite dishes etc. 
For flat roofs, which mainly represent commercial buildings, firstly a 30% 
adjustment is subtracted from flat roof area in order to consider parts of the 
roof that are not suitable for SWH installations due to elevator housing, air 
conditioning devices, and satellite dishes etc. Additionally another 30% 
adjustment is calculated due to the shadowing of the SWH collectors built 
on stilts. In practice one may chose to lie down the collectors to minimize 
wind loads at the same time allowing a denser placing on the roof. The 
sample indicates that 60% of the total building roof area is suitable for 
energetic uses. 
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In a further step the results of the sample are transferred to all buildings on 
Grand Bahama and New Providence in order to identify the potential roof 
area that could be used for SWH devices. By using the ratio pitched and flat 
roofs from the sample, the amount of such roofs, or more precisely the roof 
area, could be identified on both islands based on the building area. The 
ratio on commercial and residential building on Grand Bahama is used as 
reference for New Providence. 
 
In total, almost 10 million square meters of roof area would be potentially 
suitable on both islands (Table 4-1). The bulk of this area is situated on 
residential buildings. 
 
 Grand Bahama New Providence Total
Commercial 367,861 1,376,880 1,744,742
Residential 2,018,623 6,195,942 8,214,565
Total 2,386,485 7,572,822 9,959,307
Table 4-1: Roof area in square meter suitable for solar energetic uses on Grand 

Bahama and New Providence. 
 
In average, an annual yield of 600 kWh/m²/a leads to a total potential annual 
yield of 5,975 GWh for New Providence and Grand Bahama. Extrapolating 
this result to the entire Bahamas, a total potential annual yield of 7,469 
GWh is assumed. So the suitable roof area is sufficient to supply more than 
200 times the estimated domestic hot water demand of The Bahamas. In 
other words, less than 5% of the suitable roof area is sufficient to cover the 
entire hot water demand of The Bahamas. 

4.3 Conditions for SWH use in the Bahamas 

4.3.1 Climatic conditions 

The Bahamas is endowed with large sun irradiation resources. The daily 
global horizontal irradiation is 5.48 kWh/m² for Nassau. Also the fraction of 
direct irradiation, which is crucial for solar water heating, is highly 
convenient at about 70%. Additionally, seasonal variation in irradiation is 
relatively low. This can be seen in Figure 4-1, which shows the monthly 
course of mean global daily irradiation at different tilts.  
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Figure 4-1: Monthly course of daily global irradiation in Nassau 
 
In summer, the highest solar irradiation is obtained at lowest tilts whilst in 
winter higher tilts achieve more irradiation. Summed up over the year, the 
impact of tilt and orientation on global irradiation is shown in Figure 4-2.  
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Figure 4-2: Relative yearly global irradiation in Bahamas at given tilt and orientation 

(Calculated with GetSolar simulation program). 
 
At a tilt of 25 degrees, seasonal variation is seemingly well balanced and the 
yearly global irradiation of 2085 kWh per square meter is very close to the 
maximum of about 2096 kWh per square meter. This confirms the rule of 
thumb, according to which a collector tilt equal to about the latitude of the 
location (Nassau: 25°05'N) is optimal for solar water heating. Thus we 
generally recommend using a tilt of 25 degrees for solar collectors in 
Bahamas. However, deviation from a 25 degree tilt, as well as, from exact 
orientation towards south is possible in a wide range without loosing too 
much performance. With an orientation of +/- 60° from exact south the yield 
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will be still the same. A tilt between 0 and 40 ° leads also to the same yield. 
Even a collector orientation towards 90° can still be very beneficial.  
 
Additional to irradiation, also ambient temperatures are on a relatively 
constant and high level the whole year round. Monthly mean temperatures 
vary between about 21 and 28° C. The higher the ambient temperature the 
higher is the efficiency of SWH. Temperature of cold water from the public 
water supply varies between 24 and 27° C among the year. So the difference 
to the required temperature of the domestic hot water is relatively low, 
which in consequence leads to small areas required for solar thermal 
collectors. 
 
Freezing is generally not observed in The Bahamas. Publicly accessible 
information about minimum temperatures during the last 20 years supports 
this assumption. With regard to the technical lifetime of a solar water heater, 
the probability of a freezing event can be assumed to be negligible. Should 
there any Bahamian island be in danger for experiencing freeze, then it 
could be particularly Grand Bahama, which is the most North situated island 
and the closest one to continental Florida. However, if such an extraordinary 
event will happen, an extraordinary drainage of the solar collector will 
prevent freeze damage. In general, however, no freeze protection measures 
have to be taken into account for solar water heating in The Bahamas, 
allowing the use of relatively simple systems with low investment costs. 

4.3.2 Bahamian roof characteristics for SWH purposes 

Roofs are predominantly made from wood (tie beam construction). Hip 
roofs are predominant. Hip roofs allow less sail area for hurricanes. They 
are also rather suitable for SWH purposes, because they offer at any case at 
least one area of the roof which is not more than 45 degree deviating from a 
South orientation. Thus, for hip roofs almost always a roof area can be 
found that is suitable for SWH. But even gable roofs with a north-south 
orientation may still be profitably used with a west-oriented collector area if 
the roof slope is not too steep. This can be seen in Figure 4-3. It shows the 
yearly solar yield from a simulated thermosiphon, depending on collector 
area orientation and roof tilt. The closer orientation and tilt are brought to 
perfection (0 degree south, 25 degree tilt), the harder is it to enhance the 
specific solar yield, due to counter effects like too high temperatures etc.  
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Figure 4-3: Yearly specific solar yield of a thermosiphon in Bahamas at given tilt and 

orientation 
(Calculated with GetSolar simulation program) 

 
Looking at the solar fraction (defined here as yearly solar yield divided by 
the sum of solar yield and auxiliary heat, see Figure 4-4), it becomes that 
even with orientation and tilt not optimal the use of solar energy ins still 
preferential.  
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Figure 4-4: Solar fraction of a thermosiphon in Bahamas at given tilt and orientation 
(Calculated with GetSolar simulation program) 

 
Figure 4-3 and Figure 4-4 are based on a thermosiphon with a collector area 
of 6 m² and a storage tank of 300 liters at a mean daily usage of 210 liters 
hot water. Other configurations will yield slightly different numbers. But in 
general one can assume that finding best orientation of solar collector areas 
should not be a big concern in The Bahamas, at least for roofs with a tilt up 
to about 40 to 50 degrees. 
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4.4 SWH technology overview 

Solar water heaters (SWH) heat the domestic water supply with the help of 
solar energy. Solar water heating systems are generally composed of a solar 
thermal collector, a fluid system to transfer the heat from the collector to its 
point of usage and a hot water storage tank which can balance the solar 
supply with the demand for hot water. Systems may be also required for 
providing space heating. 
 
The main dimensions along which different SWH systems can be 
distinguished are: 
 
• type of collector (flat plate, evacuated tube, integrated collector and 

storage, plastic absorbers, etc.) 
• pumped/active systems or passive systems with natural circulation or no 

circulation at all 
• indirect heat transfer (via a heat exchanger) or direct heat transfer 
• open loop or closed loop systems – depending on whether the fluid 

cycles are closed or open 

4.4.1 Collector types 

Flat plate collectors are the most widely used solar collectors in Europe. 
They consist of a thin absorber sheet that is interstratified with a grid or coil 
of fluid tubing. The whole arrangement is placed in a thermally insulated 
casing or frame and is covered by glass or poly-carbonate. Flat plate 
collectors are typically used for mid-temperature applications at about 50° 
Celsius degree but can serve temperature levels up to 90° Celsius degree. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4-5: Flat plate solar collector 

 
Evacuated tube collectors consist of parallel rows of evacuated glass tubes. 
There are two main types of vacuum collectors established, heat pipe 
collectors and direct flow types. 
 
A heat pipe consists of an evacuated glass tube with a (copper) heat pipe 
inside (see Figure 4-6). Inside the heat pipe is a special liquid, which 
vaporizes already at low temperatures (above ca. 30° Celsius degree) due to 
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the low pressure under vacuum. The hot vapor rises to the top of the pipe, 
transfers the heat via a heat exchanger to the manifold with the solar loop 
fluid and flows back down the tube again after condensation. That means 
that the heat is transferred without direct contact to the heat transfer fluid of 
the solar loop (cf. Figure 4-7). 
 

 
Figure 4-6: Heat pipe scheme: The heat liquid is vaporized under low pressure 
 

 
Figure 4-7: Heat pipe scheme: Heat is transferred from the heat pipe to the solar fluid 

via a heat exchanger 
 
On the contrary, in direct flow type collectors, the fluid of the solar loop 
circulates also through the piping of the absorber. Direct flow vacuum tube 
collectors exist in different designs. They could for instance either use one 
tube with concentric fluid inlet and outlet or two separate tubes for inlet and 
outlet. A special form is the Sydney tube, consisting of two glass tubes that 
are sealed together at the end with a vacuum in-between them (see Figure 
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4-8). The inner tube acts as the absorber and has a selective coating on its 
outer side. The solar fluid is heated in a copper pipe at the inner side of the 
inner tube, flowing down the tube and back again. The achievable heat 
transfer between the inner glass tube and the copper pipe is a weakness for 
this type of collector. However, in contrast to other direct flow type 
collectors, damaged glass tubes can be easily changed and the manufacture 
is less complex because no glass penetration with piping is necessary. 
 

 
Figure 4-8: Sydney vacuum tube 
 
The vacuum of vacuum tube collectors reduces heat losses caused by 
convection and heat conduction. This translates into higher efficiency, 
particularly in cold climates when differences between ambient temperature 
and hot water temperature are high.  
 
Due to this high efficiency, vacuum collectors can generate high 
temperatures up to about 150°C and are also used for steam generation, e.g. 
for industrial purposes. 
 
Vacuum collectors are often combined with compound parabolic 
concentrating (CPC) reflectors behind the glass tube that concentrate light 
onto the absorber surface. By this, direct irradiation from different incident 
angels and particularly diffuse irradiation is collected. This renders them 
particularly efficient under cloudy conditions. 
 
Integrated collector and storage (ICS) (or “batch water heaters”) are 
collectors where the tank acts as both storage and solar collector and has 
usually a capacity between 30 and 50 gallons (ca. 110 - 190 l). The tanks are 
painted black or are coated with a selective surface for solar energy 
absorption and are mounted in an insulated box with glazing on one side. 
ICS are direct systems that heat the mains water directly in the collector, 
respectively tank. The ICS unit is typically plumbed in series between the 
cold water supply and the conventional water heater, thus delivering heated 
water under mains water pressure without any need for a pump (passive 
system). Plumbed in series, ICS systems are pre-heating the water for the 
conventional system. However, in hot sunny climates, ICS systems can 
provide up to 100 percent of the daily domestic hot water demand. The 
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back-up system then serves only as a hedge that is needed only occasionally 
sometimes during the year, if at all. 
 
ICS technologies can be subdivided into models that feature a single large 
tank (‘tank type’, see Figure 4-9) and more common models that feature a 
number of metal tubes plumbed in series (‘tube type’, see Figure 4-10). 
Compared to the single tank case, tubes are more efficient because more 
surface area is exposed to the sun. For the same reason they cool off more 
quickly at night, which is particularly relevant for low temperatures at night. 
The high weight of an ICS collector caused by the integrated tank requires a 
special fixation. 
 

 
Figure 4-9: ICS tank type 
 
 

 
Figure 4-10: ICS tube type 
 
ICS collectors are widely used around the world in climates that never 
experience freezing conditions because they do not need a heat transfer from 
collector to storage. The basic idea of ICS is to keep the system simple, 
robust and cheap. The concept of ICS is thus particularly applicable for a 
small residential SWH system under the following preconditions:  
 
a) high sun irradiation 
b) no freezing  
c) a warm climate with high temperatures being relatively constant over 

night and day (and if possible also constant over seasons). 
d) a very robust roof or other robust solar collector areas (e.g. outdoor 

floor if not shadowed) 
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ICS do not suffer from hard water problems as much as other collector types 
do, since ICS collectors neither have narrow pipes in the collector nor do 
they generate high water temperatures. Depending on night temperatures, 
those systems may however underperform in the morning. 
 
Formed plastic collectors (see Figure 4-11) consist of parallel placed tubes 
or panels and are situated directly on the roofing or on the ground. The 
water circulates through the tubes and is thereby heated by the sun. Pool 
collectors can be designed without thermal insulation and glazing. Typically 
in-expensive collectors made from specially formulated plastic materials are 
used (e.g. polypropylene, EPDM or PET plastics), which however have to 
be able to cope with the pool water properties. This simple kind of collector 
is very cheap. However, it has no protection against temperature loss 
through surface and is thus only usable for low temperature differences 
between the collector and the ambient temperature. It provides hot water at 
lower temperatures (30°C to 50°C), typically for heating of swimming pools 
but not for residential water heating. 
 

 
Figure 4-11: Formed plastic collector used for pool heating 

4.4.2 Active and passive systems 

Active SWH systems utilize pumps to circulate fluids throughout the 
system. They need a control mechanism to turn the pump on and off 
depending on temperature of tank and collectors. Active systems are usually 
significantly more efficient than passive systems but are more complex, 
expensive and difficult to install and maintain. They rely on electricity to 
run pump and controller.  
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Passive SWH systems do not require any external pumping. They do either 
use natural heat fluid circulation from temperature spreads in the system – 
a principle applied by so-called thermosiphon solar water heaters – or they 
do not apply any heat fluid circulation at all, as it’s the case for ICS. 
The efficiency of active systems can be significantly higher than that of 
passive systems. Therefore passive systems are more suitable for domestic 
applications with low or medium demand. Whereas active systems are better 
if large quantities of hot water are needed (hotels, hospitals, industry etc.) 
and/or high temperature levels.  
 
Active systems have the advantage that the collector does not necessarily 
need to be close to the storage tank. A disadvantage of the active system is 
the higher complexity and the dependency on grid connected electricity. As 
passive systems do not need any electricity grid connection for electric 
pumps, they are particular attractive for remote areas without (a robust) 
electricity supply. In comparison with an active system, the passive system 
is easy to install and the running costs are low. Being very simple, it tends 
to require lower investment costs and to be very reliable and easy to 
maintain. This goes along with a limited application and lower efficiencies. 

4.4.3 Indirect and direct heat transfer 

Indirect systems circulate a heat transfer fluid instead of tap water. This 
fluid may be treated water. The indirect system requires a heat exchanger to 
transfer the heat to the potable water. Heat exchangers could be applied 
either at the collector cycle or at the consumer cycle. Heat exchangers 
usually involve heat losses at the heat transfer process, which means an 
efficiency advantage for direct systems without heat exchangers. Indirect 
solar water heaters are popular in climates prone to freezing temperatures. 
For The Bahamas they may only be relevant in order to use a fluid that 
prevents corrosion as well as sedimentation (see below). Direct systems use 
water from the mains water supply to circulate between the collector and the 
storage tank. 

4.4.4 Open loop or closed loop systems 

Open loop systems use cycles that aren’t closed for instance because of 
water that is entering into the cycle or because the cycle is open to the 
atmosphere. The latter case means that the tank and the collector keep only 
unpressurized water, which is also named as gravity feed system. 
Unpressurized open loop systems are therefore passive systems (not 
pumped), which saves investment and maintenance costs. However, hot 
water is delivered lower than mains pressure. The resulting pressure 
depends on the height difference between the tank and the point of use and 
may be perceived as inconveniently. 
 
Hygiene is another issue regarding open systems, particularly when the 
consumer cycle with potable water is open, because impurities and germs 
may enter the cycle.  
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The open-loop system benefits from sending the mains water which will be 
heated directly through the collector. Thus, open-loop systems are mostly 
direct systems with direct heat transfer that do not need any heat exchanger.  

4.4.5 SWH systems 

Along the dimensions from above, many different SWH system 
compositions with different components and technical details are 
conceivable. The most relevant among them are presented in the following 
Table 4-2.  
 

No System
Passive / 
Active

Open / Closed 
Loop

Pressurized / 
Gravity Feed

Collector 
Type

1 ICS Passive Open Pressurized ICS
2a Thermosiphon-type ICS (closed loop) Passive Closed Pressurized Flat-Plate
2b Thermosiphon open-loop (pressurized) Passive Open Pressurized Flat-Plate
2c Thermosiphon open-loop (gravity feed) Passive Open Gravity Feed Vacuum
3a Active Flat-Plate (open-loop) Active Open Pressurized Flat-Plate
3b Active Flat-Plate (closed-loop) Active Closed Pressurized Flat-Plate
3c Active Vacuum Collector (open-loop) Active Open Pressurized Vacuum
3d Active Vacuum Collector (closed-loop) Active Closed Pressurized Vacuum
4 Formed plastic absorber Active Open no tank Plastic  
Table 4-2: Most relevant SWH systems for Bahamas 
 
ICS and Thermosiphons (1, 2) are passive systems. The other systems are 
active systems. Closed loop systems are the only ones that are conceivable 
for freeze prone regions. Most systems are pressurized systems, except the 
gravity feed thermosiphon and also the pool heating system which utilizes 
no tank at all.  
 
1) ICS  
The ICS system consists basically of the ICS itself, which is already 
described above. An ICS system can easily be integrated into an established 
water heating system by plumbing it in series in front of the existing water 
heater. If an instantaneous water heater is used, the ICS may even replace 
the existing water tank.  
 
2) Thermosiphons 
Thermosiphons are the most popular SWH worldwide and also have a high 
relevance for The Bahamas. They utilize the principle that hot water 
naturally rises whereas cold water decreases (see Figure 4-12). The storage 
tank has to be located above the collector (which means obviously on the 
roof), so that the heated water in the collector rises up from the top of the 
collector to the top of the storage tank. As this water rises, cooler water 
from the bottom of the tank is drawn down to the bottom of the collector. 
During hot water extraction the storage is filled up again by cold water   
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Figure 4-12: The Thermosiphon concept 

 
Obviously, for hurricane areas, only horizontal tanks can be used on the 
roof. In horizontal tanks the temperature stratification and thus the 
achievable temperature spread between hot and cold water in the tank is 
poor. This not only reduces the achievable hot water temperatures but also 
diminishes the collector efficiency. The absence of a heat exchanger 
compensates only partially for this negative effect. 
 
Thermosiphons can be open-loop or closed-loop systems, depending on 
whether the collector fluid is recirculated in a closed cycle, or whether 
mains water is continuously entering the collector cycle.  
 
2a) Thermosiphon open-loop 
An open-loop thermosiphon is the standard thermosiphon concept and it’s 
usually set up with a flat-plate collector. Figure 4-13 illustrates this concept. 
 

 
Figure 4-13: Concept of an open-loop thermosiphon 
 
2b) Thermosiphon closed-loop 
Closed-loop thermosiphons do as well not require the use of a pump and 
control system and are therefore also less costly and low-maintenance. 
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However, contrary to an open-loop system, distilled water can be used in the 
closed cycle which furthermore can be low in oxygen. This reduces 
sedimentation problems, as well as, oxidation. And particularly a freeze 
protection is possible via the use of special liquids (e.g. glycol) in the closed 
cycle. 
 
Closed-loop thermosiphons are usually designed as so-called jacketed solar 
water heater (see Figure 4-14). In connection to the collector piping there is 
a chamber around the water storage tank. Depending on the thermosiphon-
typical natural circulation, the heated solar fluid passes around the storage 
cylinder and so the heat is transferred to the stored water.  
 

 
Figure 4-14: ‘Jacketed’ closed loop thermosiphon 
 
2c) Evacuated tube thermosiphon  
The thermosiphon principle can also be used with evacuated tube collectors 
instead of standard flat-plate collectors.  
 

 
Figure 4-15: Schematic functionality of an open loop evacuated tube thermosiphon 
 
In an open loop thermosiphon with evacuated tubes – as illustrated in Figure 
4-15 – the water tank filled with mains water is directly connected with the 
glass tubes that are encased with a vacuum. If sun shines on the tubes, the 
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warmer water at the upside of the tube rises upwards towards the tank, 
whereas colder water from the tank flows downwards into the collector at 
the backside of the tubes.  
 
Evacuated tube collectors were obviously produced at higher costs than flat-
plate collectors, but are nowadays also offered at very cheap prices. 
However, collector quality and durability should be very carefully verified. 
The vacuum of the tubes should be maintainable for the whole lifetime of 
the collector. As an open-loop system we propose to use evacuated tube 
thermosiphons only as gravity feed systems, which means that the tank and 
the collector keep only unpressurized water. The big advantage of such 
systems is however, the extremely low costs. Such systems may be acquire 
costs of about 100 – 400 US$. 
 
3) Active Systems 
Active systems can be realized with flat plate and vacuum collectors and 
can be open loop systems (no heat exchanger required) or closed loop 
systems (requires one or sometimes two heat exchangers). Particularly 
larger solar water heating systems for medium and large hot water demand 
(> 300 to 500 litres per day) are more efficient with a pump circulating the 
hot water. The pump is either turned on automatically by an electronic 
differential thermostat or is operated with a PV panel.  
 
The systems are generally more expensive in investment and operation 
costs. However, their storage tanks do not need to be installed above or 
close to the collectors. 
 
4) Formed plastic absorbers 
Solar water heating systems with formed plastic absorbers are used for solar 
pool heating. They do not need an extra pump but they use instead of this an 
existing pool filtration system which alternatively pumps pool water either 
through the absorber or bypasses the absorber. System controllers sense 
when the collector temperature is sufficiently higher than the temperature of 
the water in the pool and open valves diverting water from the pool through 
the collector and then back into the pool. The pool itself is the water storage 
for the system. 

4.5 SWH technology choice 

4.5.1 Technical criteria and restrictions for SWH options 

There is generally a wide variety of solar water heating systems conceivable 
and by far not all system types and combinations are discussed here. The 
favorable climatic conditions on The Bahamas generally ease the search for 
appropriate SWH systems. Because irradiation is very high, it is possible to 
use second best efficient technologies and systems which still yield enough 
solar energy without becoming scarce of available roof area or having to 
burden too high investment costs. Furthermore, freeze protection is not 
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necessary. This allows to use direct systems, that do not need an own closed 
solar fluid cycle running through the collector. This again avoids heat losses 
caused by the use of a heat ex-changer. 
 
Nevertheless, there are also some specific restrictions that have to be 
considered when choosing proper solar water heating systems for The 
Bahamas. These restrictions are:  

4.5.1.1 Corrosion 

Oxygen corrosion is a well-known problem in solar water heating. It can 
affect piping, as well as, the storage tank. In indirect systems with closed 
cycles, there is only a low amount of oxygen entering the cycle, which 
reduces corrosion susceptibility. However, in direct systems fresh mains 
water with a high oxygen content is steadily entering the collector and – if 
designed so – also the storage tank. This can cause corrosion in any iron or 
steel component.  
 
Generally, open systems are more prone to corrosion. For mitigation, 
copper, stainless steel, glass and plastic components and other non-corrosive 
elements like ceramics could be used, but those components are usually 
more expensive. For instance steel tanks could be coated with an enameled 
layer at the inside. The integration of a sacrificial anode (a magnesium rod) 
into the hot water tank is a more common and a cheaper solution for 
fighting against corrosion. The magnesium is dissolved from the rod into the 
tank water and oxidizes easier than metal, thereby protecting the metallic 
components. The magnesium rod has to be renewed every few years, 
depending on how long it takes until it is used up. 
 
Apart from usual corrosion occurrences from water embedded oxygen, sea 
spray corrosion is another very specific problem for The Bahamas. All 
SWH components that are ex-posed to ambient air should therefore be able 
to cope with the highly salt-containing air of The Bahamas. It is therefore 
recommended that SWH providers should guarantee the fitness of their 
equipment regarding sea-spray impacts and outer corrosion for at least 10 
years. This holds particularly for the tank, which is most sensitive to 
corrosion.  
At locations that are only a few hundred meters away from the sea, passive 
systems that are not explicitly prepared against sea-spray may thus 
disqualify. The reason is that passive systems usually have the tank on the 
roof. A thermosiphon could be recommended only, if the tank can be 
installed on the attic protected by the roof. However, this may be an issue, 
because the thermosiphon principle requires having the tank situated at a 
higher altitude than the collector. 
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4.5.1.2 Sedimentation 

The Bahamas entirely compose of porous limestone. Therefore, potable 
water in The Bahamas is rather hard, containing a lot of dissolved minerals 
(mostly calcium and magnesium). By heating the water, the dissolved 
minerals precipitate and solidify. The higher the water temperature, the 
higher is this accumulation. For solar water heating, temperatures should be 
limited to 60°C in order to reduce sedimentation. 
 
If water is used as a heat-transfer-fluid, sedimentation can affect collector, 
piping and heat exchanger. Smaller tubes are more affected than bigger 
ones. Thus, apart from temperature, geometry of SWH components is 
another important factor in sedimentation. A third factor is the throughput 
speed of the water, which can actively only be influenced via pumps. But 
for passive systems a higher throughput speed unfortunately can be reached 
only with smaller piping diameters which again promote sedimentation. 
 
Sedimentation can reduce heat absorption and can lead to heat accumulation 
which in extreme cases can damage components. Mineral build-up inside 
piping acts like a layer on the inner surface and water transportation is 
lowered. Sedimentation may not only reduce the efficiency of the system 
but in worst case mineral deposit may plug the pipes and render the 
collector useless. It may also cause valve and pumps failure, particularly if 
the active system is an open-loop system.  
 
Compared to thermosiphons, ICS can be designed with larger piping 
diameters which protects from sedimentation. Sedimentation is clearly a 
drawback of open-loop thermosiphons. However closed-loop thermosiphons 
can use a solar fluid which prevents sedimentation.  
 
For mitigation the solar storage and auxiliary tank as well as the heater 
should be drained and flushed periodically (every 6 months). For prevention 
also a lime removing dispenser or a mild acidic solution (such as vinegar) 
could be circulated through the collector periodically every 1 to 3 years. 
Surfaces of heat exchangers may be cleaned carefully with grain paper. 

4.5.1.3 Roof loads 

Roof loads are particularly an issue for passive solar water heaters that are 
installed on the roof because in that case the construction might not be able 
to stand the weight of the laden tank on the roof. If there are expedient 
opportunities, to install the SWH somewhere on the ground next to the 
building this should be preferred in general to an installation on the roof. 
However, only in rarest cases suitable positions that are wind-shaded but not 
light-shaded will be found close to the building. Generally, a steady-sunny 
position close to the building may only be found on the roof. 
 
An eighty gallon tank on a roof has a wet weight of about 1,000 pounds. For 
roof installation, collector and tank shall preferably be mounted over a load-
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bearing wall or near the peak of the pitched roof. If neither of these sites are 
practical and the collector must be installed on an open span of roof, extra 
means must be employed to ensure a safe, proper installation, such as 
spreading the load over more trusses and reinforcing or bracing all truss 
members or doubling up the rafters.  
 
For passive systems a storage tank installation under the roof is a viable 
alternative to reduce the imposed load (see Figure 4-16). By using low 
profile installations and adequate clamping material, the stability of the 
system can be enhanced. 
 

 
Figure 4-16: Thermosiphon with tank under the roof but above the collector 
 
The Bahamas Building Code does declare different live load and dead load 
allowances for many different construction types and load situations. 
However, no dead load tolerance for SWH is given. On our energy audits 
we noticed a lot of timber structured roofs which may have only limited 
dead load tolerance. However, for systems without a tank on the roof, we do 
not expect load problems.  
 
Live load limits in buildings codes do usually take non-permanent loads into 
account, like loads from rains water, repairman on the roof, etc. However, at 
the roof area of the collector there is no place for a repairman anymore. 
Thus, it may be worth to discuss, if the live load figures defined in the 
building code may give sufficient leeway for SWH roof load. 
 
The Bahamas are a freeze-free region with the fortune to have passive SWH 
systems as a generally attractive option for water heating. In order to exploit 
that potential it is highly recommended that the Bahamas Building Code is 
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amended with dead load tolerances for heavy SWH systems. According to 
our preliminary calculations, some 30 to 40 psf dead loads should be taken 
into account for a thermosiphon that serves a six to eight persons household. 

4.5.1.4 Hurricanes 

Hurricanes are a major risk for solar water heaters on The Bahamas. A 
review about the hurricane situation in The Bahamas is already given in 
report I, section 6.3. 14 landfalls in 54 years and one of category 5 (wind 
speed above 155 mph) are counted for The Bahamas, exclusively hurricane 
“Wilma” from 2005. 
 
With regard to solar water heaters, the conceivable risks are twofold: 
 
• On one hand, heavy winds could catapult objects that may hit and 

damage the collector or – if installed on roof – also the tank. 
• On the other hand, at even more heavy storms, the collector or tank may 

even be ripped off the roof and may itself pose a risk to other objects or 
to persons. 

 
Experiences from solar water heater markets in other Caribbean countries 
(e.g. Barbados, St. Lucia, and Grenada) show that in the second case mostly 
the roof itself will be unroofed from the building before the collector will be 
released from the roof. From this point of view, the installation of a solar 
collector would pose no significant additional risk to its environment, 
provided that collector and tank are mounted properly. Nevertheless, risk 
management should consider the case that a tank on the roof may become 
unsecured during a particularly strong storm. It is thus strongly 
recommended that only such SWH systems are used which are tested on 
high wind loadings. 
 
Some SWH providers have tested their systems on wind loads up to 180 
mph. Anyway, during hurricanes solar water heaters on the roof are at risk, 
if only hit by another object that is catapulted through the air. This risk can 
to a limited extent be diminished by a special robust construction design and 
by a careful following of installation instructions. In applications where 
ground space is available for ICS, commercial racking systems may be 
suitable to withstand hurricane wind-loads. 
 
A laded ICS collector on the roof distributes weight on the roof quite 
equally and thus, may not be easily removed by the wind like a lighter flat-
plate collector. However, if the wind load on the roof is the mains concern, 
the additional load by the laded tank is not of advantage. If a storage tank 
installation under the roof is viable, it is again proposed to use this 
alternative in order to avoid wind load. (cf. Figure 4-16). 
 
SRCC and FSEC both employ certification of SWH systems and collectors.  
Apart from confirming certain energy performance standards, those 
certificates guarantee durability standards as tested with pressure tests, 
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weather exposure tests, thermal shock tests, etc. For a hurricane-prone 
region the durability of collectors, tanks and the whole SWH system 
construction can be important.  
 
But not only because of hurricane risks, it is recommended to promote and 
use high quality SWH products in order to increase customer satisfaction 
and the acceptability of this technology in The Bahamas. We thus propose 
to use only such products that have an SRCC or FSEC certificate or similar 
international accredited certificates. 
 
The remaining risk could be hedged by integrating the SWH into a 
household content insurance. Although some SWH manufactures claim that 
their systems are covered by regular household insurances, we did not find a 
leading insurance company which does explicitly include SWH systems in 
their policies. Eventually a separate special insurance is required to avoid 
the financial risk of hurricane damage. 
 
Regarding wind loads SRCC certification requires that ‘neither wind 
loading (including uplift) nor the additional weight of filled collectors shall 
exceed the live or dead load ratings of the building, roof, roof anchorage, 
foundation or soil.’ However, local building codes may vary and each 
jurisdiction may have specific requirements. For instance the Miami Dade 
County Building Code requires that intermittent wind loads up to 155 mph 
(3 seconds gusts) are withstood. In The Bahamas Building Code were not be 
found particular wind load ratings, however reference to wind load 
standards defined by ASCE (American Society of Civil Engineers) is given.   
 
For eventual amendments of the Bahamas Building Code with regard to 
SWH, a comparison with the Building Code of the Miami Dade County in 
Florida may be of help. In 2009, the Miami-Dade County Board of Rules 
and Appeals (BORA) implemented the “Uniform Permit Submittal 
Guideline for Solar Thermal and Solar Electric Installations in the High 
Velocity Hurricane Zone” and the accompanying “Solar Thermal/Electric 
Instructions and Recommendations”. The Guideline defines minimum code 
requirements with regards to renewable energy installations and creates 
standardization. The Board reviewed current permitting requirements and 
procedures, established county-wide uniformity regarding requirements for 
obtaining a permit and proposed associated requirements and 
recommendations. 
 
Further adjustments of the Bahamas Building Code towards SWH could 
address further aspects of SWH installation and utilization like building 
penetrations, collector casing, insulation, structural supports, etc. An 
example of aspects and criteria to be considered from the view of an ICS 
provider is given in Annex A. 
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4.5.1.5 Hot water pressure and comfort requirements 

Gravity feed systems offer the cheapest options for Bahamas solar water 
heating. However, as mentioned above, as a disadvantage hot water will 
leave the piping with a pressure below the usual mains water pressure. This 
may be seen as a comfort restriction and is thus for instance particularly not 
applicable in hotels where comfort for guests is priority. As a remedy, 
unpressurized systems may be supplemented with a pump in order to reach 
the desired pressure level for the hot water supply. The additional costs for 
the pump components may exceed the costs of the rest of the systems. 
Nevertheless, such a gravity feed system solution could still offer by far the 
cheapest solution. 

4.5.1.6 Hygienic requirements 

Hygienic problems in SWH systems are enhanced under two constellations: 
 
• Open systems with contact to the atmosphere may allow impurities and 

germs to enter the water cycle. 
• Sedimentation in tanks (for instance from the magnesium rod) may yield 

a medium for germs. 
 
It’ s therefore recommended that from the hygienic point of view, closed 
systems are clearly preferred to open systems and controlled active systems 
are preferred to passive systems. In controlled systems a periodic short 
overheating once during a day will prevent cultivation of legionellae. 

4.5.1.7 Integration into existing (backup) water heating systems 

According to the energy audit results, existing water heating systems in The 
Bahamas are mostly heat tanks or sometimes instantaneous heaters. In the 
hotel sector sometimes also fossil-fuel fired heating systems are applied, e.g. 
diesel or propane. After having installed a SWH system, the existing water 
heaters may serve as backup systems for periods with too low sun 
irradiation. Proper dimensioning of the SWH system with a solar fraction of 
about 90 to 95% will avoid a frequent use of the backup system. Indeed, 
experiences on Barbados have shown that the backup system may not be 
used for years. 
 
SWH for new buildings may be up-scaled in order to obtain 95 to 100% 
solar fraction. This could avoid the use of a back-up system. For being on 
the safe side however, back-up heating is also proposed for new buildings.  
 
For active systems this usually will consist of a heating element integrated 
into the storage tank. Some solar tanks are equipped by default with an 
electric heating element in the solar tank, which renders a backup system 
useless. This holds for example often for thermosiphon systems. Other 
SWH systems may use the already existing hot water tank, if the tank 
provides the necessary plumbing requirements. 



 
 

 
7399P02/FICHT-6472615-v1  4-23 

 

 
However, using a heating element in the tank bears the risk that the storage 
tank is electrically heated even when it’s not in use. For instance in the 
morning after the shower the sensor in the tank may indicate too low a 
temperature in the tank and will heat the water for the evening shower that 
will otherwise be heated anyway by the sun during the day. This example 
holds particularly for ICS which cool down more quickly during the night 
than other systems. If a tank is used as backup, it is thus generally proposed 
to use only tanks with a heating element switch device. By that, intraday or 
at least seasonal control could be executed manually.  
 
Alternatively, instantaneous water heaters could be preferred, which work 
more energy efficient anyway. But the disadvantage of the utilization of 
instantaneous heaters consists of the peak load demand that is generated 
thereby with its disadvantageous effects on the electricity grid and supply 
structure in The Bahamas. 
 
Existing instantaneous heaters could be integrated via putting a mixing 
valve in front of the instantaneous heater, where cold mains water is mixed 
with the hot water from the tank if the latter is too hot (above ca. 50°C). The 
instantaneous water heater has a temperature limiting device.  
 
ICS systems can be used either as “two-way” systems which function either 
as a solar pre-heater to the conventional heater or as a conventional water 
heater only with the ICS being bypassed. A “three-way” system can 
function in any of the following three modes: solar pre-heat, solar by-pass, 
or solar direct. The latter feeds solar heated water directly to the household 
allowing the conventional heater to be by-passed and turned off. 

4.5.1.8 Overview about technical criteria for SWH systems 

In Table 4-3 the diverse SWH systems are roughly classified according to 
the technical criteria outlined above. Also a preferable (but not exclusive) 
backup solution is assigned. 
 

No System

Exposure 
to 

Corrosion
Hard Water 
Tolerance

Hurricane 
Tolerance

Roof Load 
Tolerance Comfort

Hygienic 
Standards

Preferable 
backup

1 ICS - ○ - - ○ - instant.
2a Thermosiphon-type ICS (closed loop) -- -- -- - ++ + instant.
2b Thermosiphon open-loop (pressurized) -- -- -- - ++ - instant.
2c Thermosiphon open-loop (gravity feed) -- -- -- - - -- instant.
3a Active Flat-Plate (open-loop) + + ++ + ++ ○ heat tank
3b Active Flat-Plate (closed-loop) + ++ ++ + ++ ++ heat tank
3c Active Vacuum Collector (open-loop) + ○ + + ++ ○ heat tank
3d Active Vacuum Collector (closed-loop) + + + + ++ ++ heat tank  

Table 4-3: Approximate rating of suitability of different SWH systems 
(-- means least suitability and ++ best suitability) and preferable backup 
 
It is shown that utilization of the regarded SWH systems can have diverse 
advantages as well as disadvantages. Which SWH option to use is thus a 
rather individual decision and furthermore subject to very individual side-
constraints. From the SWH systems in Table 4-2, active systems with 
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vacuum collectors as well as formed plastic absorbers for pool heating will 
be excluded from further considerations below.  
 
The reason is that active systems with vacuum collectors are generally more 
expensive systems that are demanded in freeze prone regions of the world. 
Often they are used as heating support during seasons with low or diffuse 
irradiation. In The Bahamas, where sun irradiation is more direct and 
abundant and where no heating is needed, it is obviously not necessary to 
invest in such high-end products, apart from extraordinary applications like 
for instance solar steam production.  
 
Formed plastic absorbers will not be discussed further, because it is obvious 
that solar pool heating with low-investment plastic absorbers is by far the 
cheapest pool heating solution conceivable. This is particularly an economic 
and ecological potential for the Bahamas hotel industry that should not be 
wasted. 

4.5.2 Costs and profitability of different SWH systems  

Which system to use will not only depend on technical criteria but also on 
profitability. We calculated profitability for most relevant SWH systems for 
The Bahamas. Each system shall be represented by a SWH that is properly 
dimensioned for households with about three to four persons. 
 
Dimensioning 
As has been established by the energy audits, the assumption of a daily hot 
water consumption of about 9 gallons per person fits well with the observed 
consumption patterns. About one square foot of collector area per gallon 
of daily hot water consumption will suffice to cover demand. Furthermore, 
per gallon of daily hot water demand about 1.5 gallon of tank storage 
should be roughly taken into account. A larger tank is desired for heavy 
irradiation at hot ambient temperature, in order to store the excess hot water 
and avoid overheating. However, due to relatively steady seasonal 
irradiation and temperature conditions, by trend lower tank volumes may be 
sufficient. Lower tank volumes are also desired for reducing roof loads in 
the case of thermosiphons and ICS. 
 
According to these dimensioning considerations the following systems were 
defined as outlined in Table 4-4. Cost and technical data for the profitability 
analysis of solar water heating systems were collected from US supplier 
websites where available. Data is supplemented by quotes from SWH 
system producers and Fichtner experts. Piping and installation cost and 
times are derived from the German Solar Energy Society’s “Planning and 
Installing Solar Thermal Systems: A Guide for Installers, Architects and 
Engineers” and adapted to meet the systems’ individual specifications. 
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1 2a 2b 2c 3a 3b

ICS
Thermosiphon 

type ICS (closed 
loop)

Thermosiphon 
open-loop 

(pressurized)

Thermosiphon 
open loop 

(gravity feed)

Active flat 
plate (open 

loop)

Active flat 
plate (closed 

loop)
Collector aperture [m²] 2.04 1.87 2.04 2.10 1.80 2.31
tank size [l] 114 178 114 85 100 303
assumed system life time [a] 25 15 10 10 20 20

solar yield [kWh/a] 1368 1254 1197 1232 1283 1646
price collector 1168 2570 800 103 1250 2934
price collector + tank [$] 1168 2570 800 103 2030 3681
price piping [$] 375 475 475 475 950 950
system price [$] (excl. installation) 1543 3045 1275 578 2200 3884
costs planning & installation [$] 230 459 459 459 667 667
total solar investment [$] 1773 3504 1734 1037 2867 4551
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Table 4-4: Specification of SWH. System price and total costs are given for systems 

in existing buildings.  
 
As can be seen from the investment data, the gravity feed open-loop 
thermosiphon (vacuum tube) from China is by far the cheapest investment 
of the regarded systems. The assumed lifetime for passive systems is 
generally longer as for passive systems; however problems with 
sedimentation in thermosiphons are accounted for lower thermosiphon 
lifetimes. Additionally, the tank on the roof that means the weakest part of 
the system that is subjected to the elements leads to a shorter tank life. For 
the regarded ICS system a life time of 25 years is reported. 
 
Investment costs for SWH differ depending whether it is installed in an 
existing building or in a new building. 
 

1. In existing buildings the existing heat tank and electrical water 
heater as a back-up can be further used. 

 
2. In new building additional costs occur for the heat tank and the 

electrical water heater as back-up. 
 
Instead of using a backup system also a complete solar hot water 
provisioning is considerable. Achieving a solar fraction close to 100% 
favors a more generous dimensioning of the system which may somehow 
counterbalance the investment savings from not installing a back-up system. 
Thus this alternative is not extra calculated here, but may still be an 
attractive option, particularly for ICS systems. 
 
SWH systems compete with electrical water heaters on The Bahamas. For 
an economic assessment we thus need to calculate the cost of electricity 
displaced by the SWH system. We assume an average efficiency of 
electrical water boilers of 80% which represents somewhat a mean value of 
the prevailing electrical water tanks and the rather rare instantaneous water 
heaters. A uniform life-time of 20 years is assumed for all systems. Since 
SWH systems are installed in private households we calculate with atypical 
WACC of 9% instead of 12% as required by commercial investors. Table 
4-5 shows the resulting costs of displaced electricity. Compared to the 
current household power tariff of 31.19 ct/kWh all systems in all 
applications are economic beneficial with the exception of active flat plate 
system with close loop in new buildings. Further having the back-up system 
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already at hand in existing buildings is more beneficial than having to invest 
additionally in a backup solution for a new building. 
 

1 2a 2b 2c 3a 3b

ICS

Thermosiph
on-type ICS 

(closed 
loop)

Thermosipho
n open-loop 
(pressurized)

Thermosiph
on open-

loop (gravity 
feed)

Active flat 
plate (open 

loop)

Active flat 
plate 

(closed 
loop)

Existing building 0.131 0.282 0.146 0.085 0.226 0.279
New building 0.151 0.305 0.170 0.108 0.300 0.335  
Table 4-5: Costs of electricity in BSD/kWh displaced by different SWH systems. 
 
ICS (1a) and open-loop thermosiphons (pressurized 2b or gravity feed 2c) 
are economical most beneficial. The low investment costs of these systems 
do not only support the profitability of these systems but generally support 
to overcome the usually prevailing investment barrier for renewable energy 
investments. Additionally, the hurricane risk constitutes a further reason, 
why investment costs for SWH systems in The Bahamas should be rather 
low in order to keep potential capital losses low. 
 
Payback periods between 4 and 7 years for existing buildings and 5 to 9 
years for new buildings are attractive and levelised costs for these three 
systems are far below the prevailing electricity costs, not to mention the 
total system costs of conventional water heating. For new buildings, the 
savings from an investment in an alternative heating system have even not 
been taken into account, which would mean a better profitability of SWH 
systems in new buildings than in existing buildings. 
 
Comparing the three systems, the main advantage of the ICS is a strongly 
reduced risk for sedimentation. The other two open-loop thermosiphons 
require permanent maintenance by the user regarding sedimentation 
prevention. A periodically drainage and flush of the tanks and piping and a 
periodically addition of anti-sedimentation mediums to the solar circuit are 
preconditions for an unobstructed SWH utilization (see section 4.5.1.2). 

4.5.3 SWH system choice for Bahamas 

For single family houses we propose three different SWH systems to reflect 
differences in affordability and comfort requirements  

4.5.3.1 Households with low standards 

For households where people can accept that hot water leaves the tap only at 
gravity pressure, an open-loop unpressurized vacuum tube thermosiphon 
will be the best choice. The rather low investment costs translate into 
displaced power costs of ct 8.5-10.8 /kWh and payback periods down to 
about 3 years, which means a relatively low investment risk for this system 
choice.  
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4.5.3.2 Households with normal standards 

For households with normal standards an ICS or an open-loop thermosiphon 
without a backup system is considered to be the best choice. The absence of 
an electrical backup system imposes the risk that on a few days of the year 
water is not as hot as usually required. But omitting the backup system 
saves money in an estimated range of 280 $ in the case of an instantaneous 
heater or up to 1000 $ or more in the case of a heat tank. 

4.5.3.3 Households with high standards 

For households with high standards an ICS or an open-loop thermosiphon 
with a backup system is proposed. Despite not being as cheap as with 
backup or as a gravity feed system, these solutions still offer a very 
beneficial economic balance with having to accept the least compromises.  

4.5.3.4 SWH in institutional buildings 

There are mainly two dimensions along which solar water heating solutions 
for institutions and public buildings may differ from SWH solutions for 
private households. Firstly, hot water demand in institutions and public 
buildings can be significantly higher than in private households. Secondly, 
the hot water usage profiles observable in institutional buildings are 
different from profiles in private households. Whilst in private households, 
taking a shower in the morning or evening consumes biggest parts of hot 
water demand, hot water demand curves in different institutional buildings 
may differ quite a lot over the day.  
 
At the energy audits we visited twelve public buildings in The Bahamas. 
These were six offices, three schools and three hospitals/clinics. One of the 
results was that water heating played almost no role among the offices and 
schools visited. Only in one school a 75 gallon water heater was installed, 
for which in principal the same SWH solution like for a household could be 
applied.  
 
Therefore, we think that there is no big potential for solar water heating in 
offices and schools/kindergartens in The Bahamas. The situation is different 
with clinics and hospitals where hot water demand is significantly higher. 
Often diesel is consumed there for hot water supply. 
 
Particularly due to a higher hot water demand, the implementation of solar 
water heating in institutional buildings calls for specific large solar water 
heating systems (LSWH) to be applied. As LSWH we regard a SWH system 
that is designed for a daily hot water demand of at least 80 gallons and 
sometimes up to some thousands of gallons.  
 
Apart from hospitals and clinics, additionally hotels, restaurants, laundries, 
sport complexes, car washing facilities, surgeries etc. are also considered to 
be entities with significant large hot water demand. Additionally, if a central 
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water heating system is already pre-installed, a LSWH system could become 
a profitable option especially for multi-storey apartments. 
 
Most thermoshiphon concepts are limited in providing daily hot water 
demand of more than 60 to 80 gallons. ICS can be easily plumbed in series 
and are therefore technically suitable to serve even higher demands. 
However, in general, because economies of scale (i.e. relative cost reduction 
per system enlargement) are easier to achieve with active systems, LSWH 
systems are generally designed as active systems.  
 
LSWH are very diverse in design, regarding the solar collector field, the 
heat stores, the heat exchangers and the connection to the conventional 
heating technique. The kind of LSWH concept applied depends inter alia on 
the temporary hot water demand profile, on the amount of water required 
and at which temperature levels and on the kind of usage of the heated water 
(i.e. whether the water is used as tap water, for clothes or car washing, etc.). 
Provided that collector area is not a limiting factor and no steam production 
is demanded, the use of flat plate collectors may be preferred over the 
obviously more expensive vacuum collectors.  
 
Due to its heterogeneity and different sizes of the institutional buildings, 
neither a single system solution nor a general system dimensioning can be 
proposed. However, the German Society for Solar Energy proposes some 
rule of thumbs for LSWH in tropical climates (2200 KWh/m²/a) with a 
continuous warm water draw-off:  

 
Per 50 l hot water demand with a temperature of 60° Celsius, 0.6 m² 
collector surface area is proposed and 40 to 60 liters storage per 
square meter collector area.  

 
For tap water systems with up to 30 m² of collector field, one or two-store 
systems with domestic water stores can be used, with the option of thermal 
disinfection via for instance a heating element. Larger systems usually 
employ a buffer storage tank, which at first stores the heat gained in the 
collector circuit. Heat is led to the domestic water store only when required. 
Sometimes more then one buffer storage or a cascade of buffer storage tanks 
is utilized. Optimization of the LSWH concepts aims at reducing heat 
losses, maximizing heat stratification in the used tanks, reducing the 
collector inlet temperature in order to increase efficiency and reducing 
overall costs.  
 
Installing a LSWH system usually allows a significant down-sizing of the 
conventional heating capacity, which is best taken into account already 
during the planning phase of the overall water heating concept. Also the 
proper combination of both systems regarding for instance the applied 
hydraulic pressures and the prevalent temperature levels and stratification 
should be considered already before installing one of both systems. Thus, 
for LSWH it is particularly recommended that they are already considered 
for new buildings. But also for existing buildings, still highly profitable 
solutions for an integration of LSWH may often be found. For Bahamas, 
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particularly the hotel sector offers a large potential to employ profitable 
LSWH. 
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5. Solar Power 
The objective of this chapter is to frame a solar power energy initiative for 
The Bahamas. In detail, the focus of this chapter is on: 
 
• Review of photovoltaic technologies; 
• Identification of suitable locations for PV; 
• Assessment of net-metering based on prefeasibility studies; 
• Identification of possible environmental barriers to implementation of 

solar power generation and suggest mitigating measures; 
• Identify the islands of The Bahamas where land and solar radiation level 

provide opportunities for solar thermal power facilities. Priority should 
be given to islands where existing diesel systems are due for replacement 
in about five years. 

5.1 Review of PV technologies 

The photovoltaic effect enables a direct transformation of solar radiation 
energy into electrical energy. This effect appears in solids, such as silicon. 
Thereby the radiation energy is transferred directly to the electrons in the 
solid. As a result an electric voltage occurs. The obtained voltage can be 
tapped through electrodes. Applications which exploit the photovoltaic 
effect for electricity generation are called solar cells. All photovoltaic 
technologies are based on this physical effect, which was first observed in 
the year 1839 by Becquerel. However this effect was not used until the 
invention of the transistor and the explanation of the physics of the p-n-
junction by Shockley, Bardeen and Brattain in 1949. 
 
A basic solar cell has two critical components: a doped semiconductor and 
two metallic electrode contacts for voltage trapping. The front contact is 
facing the sun and the back contact is on the shaded side. Doping of semi-
conductors is done by introduction of impurities into an intrinsic 
semiconductor in a diffusion process. When solar cells are exposed to light 
the electrons are stimulated (Figure 5-1). Photons hit electrons in the 
crystal-lattice silicon and transfer their energy to the electrons. Electrons 
that absorbed enough energy to cross the band gap are able to move to 
another atom in the solid. When electrons change their positions, they leave 
a “hole” in the crystal lattice. This process is known as creation of electron-
“hole” pairs. Electrons from neighbor atoms can fill up a created “hole”. In 
this way an electrons flow (negative charge carriers) and a “holes” flow 
(positive charge carriers) is generated. Positive and negative carriers move 
in opposite directions. 
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Figure 5-1: Schematic view of a solar cell and the photovoltaic effect 
 
There are basically two different technologies to manufacture PV solar cells 
 
• Wafer based crystalline silicon solar cells 
• Thin-film technology 
 
Presently, wafer based crystalline silicon solar cells represents with 85% the 
bulk of the market leaving the more advanced thin film technology only a 
small share. However, this picture might change in the future substantially 
when large area deposition of thin films will be improved and efficiencies of 
commercial thin film solar panels will rise. In the following, both 
technology streams are described and compared subsequently. In detail, the 
next sub-chapters focus on following PV technologies: 
 
• Monocrystalline Silicon PV Cells (Mono-Si) 
• Polycrystalline Silicon PV Cells (Poly-Si) 
• Thin Film PV Technology, including: 

• Amorphous Silicon (a-Si) 
• copper indium diselenide (CIS, CISG) 
• cadmium telluride (CdTe) 
• copper-indium-diselenium (CuInSe2) 

 
For these technologies, the following aspects are covered: 
 
• Properties of the technology and maturity, examples of successful 

applications, current status in the market and future developments, 
suppliers, current and future price per kWp5 of PV modules, guarantees 
provided; 

• Specific issues of the PV technology; 
• Classification of the technologies according their reliability, costs and 

operational life 
                                                 
5 Definition Watt Peak (Wp): The watt power output of a solar module is the number of 
watts output when it is illuminated under standard conditions (laboratory illumination 
conditions) of 1,000 W/m2 intensity, 25°C ambient temperature and a spectrum that relates 
to sunlight that has passed through the atmosphere (Air Mass 1.5). 
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• Description the Standard guarantees provided in the industry 
• Compare between the different technologies providing information 

regarding pros and cons in the implementation. 
• Taking into account the characteristics and climatic conditions of 

Bahamas the efficacy of the implementation of the different technologies 
is assessed. 

 
The result of this research and comparison shall provide a clear overview, 
advantages and disadvantages of the technologies. Finally, the integration of 
photovoltaic into a complete energy supply installation is described. 

5.1.1 Wafer based crystalline silicon solar cells 

The first generation of solar cells based on crystalline silicon found their 
initial application as electricity generators for space satellites. Developments 
for terrestrial solar cell applications were mainly developed after the oil 
crises in the 1970s and 1980s when solar energy was starting to be seen as a 
means to energy autonomy. 
 
Wafer based crystalline silicon solar cells are manufactured on a silicon 
wafer basis. Two types of silicon wafers can be differentiated: single 
crystalline wafers and polycrystalline wafer (Figure 5-2). Single crystalline 
wafers have a homogenous surface. Polycrystalline wafers have a large, 
crystal grain structure and a multi-colour surface. The grain size ranges 
from millimetres to centimetres. The lack of uniformity in the crystal 
structure has a negative effect on the efficiency of solar cells made of 
polycrystalline silicon wafers. The grain boundaries and other impurities, 
like vacancy defects, cause recombination losses in the solar cell. That is 
why polycrystalline solar cells reach lower efficiencies in comparison to 
single crystalline cells. 
 

 
Figure 5-2: Structure of a single crystalline wafer (left) and a polycrystalline wafer 

(right)  
 
The bulk of present current solar cell production is allotted to these both 
types of wafers. Both manufacturing processes use polycrystalline 
fragments as feedstock. The solar grade silicon with a purity of 99.999% is 
produced by a chemical vapor deposition process (Siemens-Process) from 
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metallurgical silicon with a purity of 98%. Currently the solar industry is 
working on using directly metallurgical silicon to avoid the costly and 
energy consuming purification process which will allow at the same time to 
enlarge substantially the feedstock. As a trade-off wafers based on lower 
purified silicon have a lower efficiency. The following productions steps are 
different for single and polycrystalline silicon ingots.  
 
The single crystalline ingots are mostly produced by the so called Czochral-
ski process (Cz) which is less costly than the alternative Float Zone process 
(Fz). With the Cz process, polycrystalline fragments of highly purified 
silicon are molten in a graphite crucible. Then, a single crystalline seed 
crystal is immersed in the liquid compound and withdrawn under rotation. 
Thereby a single crystalline ingot is formed.  
Polycrystalline ingots are produced mostly by an ingot casting process. In 
this process, silicon is melted and poured into a square, graphite crucible. 
Controlled cooling produces a polycrystalline silicon block, the ingot.  
 
This ingot is then cut into slices (wafers) of 200 µm to 500 µm thickness. 
Sawing losses can amount to 50% of the source material. Due to high 
sawing losses, alternative processes like Edge defined Film-fed Growth 
(EFG), String–Ribbon-Process or Silicon Sheet from Powder (SSP) have 
been developed in the past decades.  
 
The next steps in the manufacturing process of wafer based solar cells are 
nearly identical for both types of crystalline material:  
 
• chemical surface treatment,  
• creation of the p-n-junction,  
• creation of front and back contacts,  
• surface passivation and  
• anti-reflection coating.  
 
The etching process on the wafer’s surface fulfils three functions: first, it 
removes a thin layer of the wafer’s surface, which was damaged by the 
sawing process; second, it textures the surface, which is necessary to reduce 
reflection of the solar cell; and third, it cleans the surface from impurities. 
 
The second step is the creation of the p-n-junction. The p-doping was 
already conducted when the silicon ingot was grown so only the n-layer has 
to be created. The n-doping happens in a diffusions process where 
phosphorous atoms are built into the crystal lattice. After the diffusion 
process, a thin n-doped layer is created in the otherwise p-doped crystal. 
 
In the third step, the metallic contacts are applied on the front, the sun side, 
and the back, the shadow side, of the wafer. Screen printing is often 
employed in the contacting process where a metallic paste is screen-printed 
onto the wafer. Then the wafer is sintered. Through the heat adhesion 
process, the metallic paste converts to metallic contacts. 
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In the fourth step, the passivation of the surface is conducted. Through 
passivation a non-reactive surface is created. Passivation is done in a 
plasma-enhanced chemical vapor deposition (PECVD) process where a 
silicon oxide layer is deposited on the surface of the wafer. This step differs 
for polycrystalline solar cells where the passivation is done with hydrogen. 
The polycrystalline solar cell is radiated with hydrogen-ions at temperatures 
of 300-400° C. Passivation is necessary to improve cell efficiency, because 
otherwise recombination losses would increase on the cells surface. 
The PECVD process is used to coat the cells surface with an anti-reflection 
layer in the final step. Titan oxides or silicon nitrides are used as anti-
reflection coatings. 
 
After these five steps, the solar cell is finished. Solar cells are usually 
connected to solar panels where the separate cells are connected in serial 
and parallel connections; after being wired, the cells are laminated and built 
into an aluminum frame and the solar panel is ready to generate electricity 
directly from sun radiation. 

5.1.2 Thin-film technology 

Thin film technologies have the potential for a considerable cost advantage 
versus wafer-based crystalline silicon solar cells, because thin film tech-
nologies use less material and require fewer processing steps leading to an 
integrated manufacturing process from the basic material to the solar 
module in one manufacturing facility. Thin film solar cells can also be 
easily interconnected in series and, due to this fact, large-area modules can 
be manufactured simply. The most common thin film technologies are  
 
• Thin Film silicon cells 
• Copper-indium/gallium-diselenide/disulfide solar cells 
• Cadmium telluride solar cells 
• Gallium arsenide solar cells 
 
There are numerous different architectures of thin film silicon cells. For 
instance, amorphous silicon solar cells - known from applications in 
consumer electronics - belong to this group. Something they all have in 
common is the requirement of a substrate as carrier material for the few µm 
thin absorbing layer. They vary especially in the applied substrates and their 
deposition technologies (liquid-phase vs. gaseous-phase deposition). 
Efficiency boosting methods like anti-reflecting coating, passivation, light-
trapping by textured surface and back side reflector, already known from 
wafer-based technologies, are adopted here. An advantage of silicon based 
thin film cells is that no heavy metals like cadmium, indium or copper are 
used as with other thin film technologies. The efficiency of amorphous 
silicon cells is lower than those of crystalline cells. Efficiencies of 9.5% 
were achieved under laboratory conditions. The efficiency of a-Si cell drops 
when exposed to light, this decrease is due to a degeneration of the material. 
The degeneration occurs mainly in the first year of light exposure. Due to 
material degradation the cell efficiency decreases about 20% in comparison 
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to initial cell efficiency. After initial degeneration the cell efficiency 
stabilizes. 
 
Copper-indium/gallium-diselenide/disulfide (CIGS) solar cells are based on 
a soda-lime-glass substrate which is coated with molybdenum. The thin 
layer of molybdenum serves as a back contact for the solar cell. The CIGS 
layer can be disposed in a co-evaporation process. The grain boundaries and 
defects have a negative influence on cell efficiency, because they are 
potential spots for recombination losses. The CIGS crystal is coated with a 
thin layer of cadmium sulphide as a n-type buffer layer. A layer of zinc 
oxide acts as front contact and n-type zone. The CIGS crystal, the cadmium 
sulphide layer and the zinc oxide layer together create a heterojunction 
structure, which generates an electrostatic field for charge carrier separation. 
This heterojunction structure is comparable to the p-n-junction in silicon 
crystalline solar cells. Metallic contact fingers serve as collectors for 
electrons. One disadvantage of CIGS solar cells is that the raw materials 
selenium and cadmium are toxic. However, researchers at the Hahn-
Meitner-Institut in Berlin, Germany found that the cadmium layer could be 
replaced by a zinc compound. The researchers claim that the efficiency of 
the solar cell was not decreased by the substitution of cadmium. Another 
problem facing CIGS cells is that indium is a comparatively rare earth metal 
and it is used in the manufacturing of flat screen televisions and monitors. 
CIGS solar cell producers find themselves in competition with those, often 
larger, companies for indium resources. CIGS technology has, as all thin 
film technologies, the advantage of disposition on large-scale substrates and 
easy interconnection of cells to a solar panel. Furthermore, existing indus-
trial appliances can be used for large-scale manufacturing of CIGS modules  
 
Thin film technologies have the potential for a considerable cost advantage 
versus wafer-based crystalline silicon solar cells, because thin film tech-
nologies use less material and require fewer processing steps leading to an 
integrated manufacturing process from the basic material to the solar 
module in one manufacturing facility. Thin film solar cells can also be 
easily interconnected in series and, due to this fact, large-area modules can 
be manufactured simply. The most common thin film technologies are:  
 
• Thin Film silicon cells, 
• Copper-indium/gallium-diselenide/disulfide solar cells, 
• Cadmium telluride solar cells, 
• Gallium arsenide solar cells. 
 
There are numerous different architectures of thin film silicon cells. For 
instance, amorphous silicon solar cells - known from applications in 
consumer electronics - belong to this group. Something they all have in 
common is the requirement of a substrate as carrier material for the few µm 
thin absorbing layer. They vary especially in the applied substrates and their 
deposition technologies (liquid-phase vs. gaseous-phase deposition). 
Efficiency boosting methods like anti-reflecting coating, passivation, light-
trapping by textured surface and back side reflector, already known from 
wafer-based technologies, are adopted here. An advantage of silicon based 
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thin film cells is that no heavy metals like cadmium, indium or copper are 
used as with other thin film technologies. The efficiency of amorphous 
silicon cells is lower than those of crystalline cells. Efficiencies of 9.5% 
were achieved under laboratory conditions. The efficiency of a-Si cell drops 
when exposed to light, this decrease is due to a degeneration of the material. 
The degeneration occurs mainly in the first year of light exposure. Due to 
material degradation the cell efficiency decreases about 20% in comparison 
to initial cell efficiency. After initial degeneration the cell efficiency 
stabilizes. 
 
Copper-indium/gallium-diselenide/disulfide (CIGS) solar cells are based on 
a soda-lime-glass substrate which is coated with molybdenum. The thin 
layer of molybdenum serves as a back contact for the solar cell. The CIGS 
layer can be disposed in a co-evaporation process. The grain boundaries and 
defects have a negative influence on cell efficiency, because they are 
potential spots for recombination losses. The CIGS crystal is coated with a 
thin layer of cadmium sulfide as a n-type buffer layer. A layer of zinc oxide 
acts as front contact and n-type zone. The CIGS crystal, the cadmium 
sulfide layer and the zinc oxide layer together create a heterojunction 
structure, which generates an electrostatic field for charge carrier separation. 
This heterojunction structure is comparable to the p-n-junction in silicon 
crystalline solar cells. Metallic contact fingers serve as collectors for 
electrons.  One disadvantage of CIGS solar cells is that the raw materials 
selenium and cadmium are toxic. However, researchers at the Hahn-
Meitner-Institut in Berlin, Germany found that the cadmium layer could be 
replaced by a zinc compound. The researchers claim that the efficiency of 
the solar cell was not decreased by the substitution of cadmium. Another 
problem facing CIGS cells is that indium is a comparatively rare earth metal 
and it is used in the manufacturing of flat screen televisions and monitors. 
CIGS solar cell producers find themselves in competition with those, often 
larger, companies for indium resources. CIGS technology has, as all thin 
film technologies, the advantage of disposition on large-scale substrates and 
easy interconnection of cells to a solar panel. Furthermore, existing indus-
trial appliances can be used for large-scale manufacturing of CIGS modules 
(Figure 5-3) 
 

 
Figure 5-3: Typical manufacturing process of CIGS solar cells 
 
Cadmium telluride (CdTe) is a semiconductor compound from elements of 
the II and VI group of the periodic table. This compound has a good light 
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absorbing quality and with its energy band gap of 1.45 eV it fits well to 
solar radiation. Furthermore, various industrial scale deposition techniques 
can be used for manufacturing of CdTe solar cells. Potential disadvantages 
for using this semiconductor are the toxicity of cadmium, which requires 
special handling procedures in the event of breakage or at the end of life of 
the systems and the comparatively rarity of telluride. 
 

 
Figure 5-4: Schematic picture of a CdTe solar cell 
 
A typical CdTe solar cell is deposited on glass substrate and the following 
layers are built-on: first, a transparent conducting layer as a front contact; 
second, a thin layer of cadmium sulfide (CdS); third, a layer of CdTe; and 
finally, a metallic back contact. The CdS layer serves as the n-type layer of 
the n-p-junction and the CdTe layer as the p-type. Indium tin oxide is often 
used as the transparent conducting layer. 
 
The company First Solar, located in Tempe, Arizona, USA has produced 
CdTe solar panels commercially since 2002. CdTe solar cells designed by 
the National Renewable Energy Laboratory have achieved efficiencies of 
16.5%. 
 
Gallium arsenide (GaAs) is a semiconductor compound from elements of 
the III and V group of the periodic table. GaAs is, due to its good light 
absorption quality and energy band gab of 1.42 eV, a well-suited semi-
conductor material for high efficiency solar cells. The first GaAs solar cells 
were developed in the 1960s. Due to high resistance against cosmic 
radiation, GaAs solar cells were utilized in space applications first. 
Nowadays, they are also used in terrestrial concentrating applications. 
Despite efficiencies up to 25% that have been achieved in GaAs non-
concentrating solar cells, GaAs solar cells are too high-priced and cannot be 
utilized cost-efficiently in flat, terrestrial solar panels. Solar cells for 
concentrating applications are predominantly multi-junction solar cells. 
Therefore, GaAs is used in combination with other semiconductor 
compounds like gallium indium phosphide (GaInP2), gallium indium 
arsenide (GaInAs) and germa-nium (Ge). Thin films of GaAs are typically 
grown on GaAs wafers. GaAs wafers are produced in the same way as 
silicon crystalline wafers, but production costs for GaAs wafers are 5 to 10 
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times higher than for silicon wafers. A GaAs ingot is made with the Cz 
process and then sliced into wafers. Deposition of GaAs thin films on low-
cost substrates is under investigation. Transforming techniques like those 
for thin film silicon solar cells are possibly a suitable method and could lead 
to future cost reductions. The typical GaAs solar cell has several layers: 
metallic front and back contacts, an anti-reflection layer at the surface, a p-
doped aluminium gallium arsenide (AlGaAs) layer followed by a p-doped 
GaAs layer as an emitter, an n-doped GaAs layer as a base layer, an n-doped 
AlGaAs layer as back surface field and an n-doped GaAs substrate layer. 

5.1.3 Modules 

5.1.3.1 Cell stringing 

In order to increase their low individual power output solar cells are 
electrically interconnected in series before integration into a module.  
 
Crystalline: The negative pole of one cell is connected to the positive pole 
of the next cell. Back contact cells can be more efficiently packaged than 
front contact cells. 
 
Thin-Film: the electrical connection is achieved by cutting groves in the 
individual material layers by laser or mechanical scribing. The component 
layers involved in this process are  
 
• Support material (CdTe: superstrate, CIS/Amorphous: substrate), 
• Transparent Conductive Oxide (TCO) Layer, 
• Solar Cell Layer, 
• Metallic Layer: Back / Front Contacts. 
 
By cutting and depositing different material layers in a particular sequence 
the electrical cell interconnection is integral to the production process with 
particular sequences according to the cell technology. 

5.1.3.2 Cell encapsulation 

Cells are embedded in transparent, bonding materials to protect them from 
environmental factors and mechanical stress and to provide electrical 
insulation. In most cases such a material is glass, but it is also possible to 
use synthetic (plastic) or even metals. The position of the solar cells can be 
on, behind, or between the substrate (back side) materials. For maximum 
transmission of solar radiation onto the cell and low-iron-oxide (white), 
glass (92% light penetrations) is used as front substrate in most cases. This 
so called “solar glass” is also pre-stressed to be able to withstand high 
thermal loads.  
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Reflection  
To avoid/minimize reflection losses (8% in solar glass) anti-reflection 
mechanisms have been developed to treat the front side of the glass because 
at the rear glass-ethylene vinyl acetate (EVA) interface both refraction 
indices are similar. Four Glass Anti-Reflection methods/qualities, that may 
increase light transmission up to by 3%, are available: 
 
• Porous coating of silicon dioxide (SolGel) in immersion bath 
• Multiple sputtered layers of silicon dioxide and silicon nitride (PV-lite) 
• Porous glass upper layer (etching) (Sunarc) 
• Cast Glass with grooved/textured surface (Albarino Ornamental) 
 
Ethylene Vinyl Acetate (EVA) Encapsulation 
Cells are laminated together in a vacuum chamber by applying negative and 
positive pressures less than 150°C.   
 
Polyvinyl Butyral (PVB) Encapsulation 
Used for application where modules will be used on surfaces that require 
use of laminated safety glass (LSG) as in many building applications. 
 
Teflon Encapsulation  
Cells are enclosed in a special fluoropolymer (Teflon) in a process similar to 
the ones described before. 
 
Resin encapsulation 
It uses a casting process. The solar cell is fixed between two glass sheets 
using adhesive pads. The glass sheets are bonded around the edges with a 
transparent spacer that is adhesive on both sides. The front sheet is a highly 
transparent glass while the back sheet consists of conventional hardened 
glass that meets structural requirements. 

5.1.3.3 Temperature influence and degradation of PV modules 

The influence of temperature on PV module performance is expressed by 
the temperature coefficient, which is a measure of the variation of module 
output power with module temperature. 
 
For crystalline modules, the temperature coefficient is negative, meaning 
that, with an increase of temperature above Standard Test Conditions (STC) 
of 25°C, the output of the PV module will be lower in comparison to the 
nominal power (e.g. a temperature coefficient of -0.4%/K means that 
module power de-creases by 0.4% per 1°C increased module temperature, 
so a module operated at 35°C has 4% less output power compared to one 
operating at 25°C). Under full solar irradiation, the operating temperature of 
the PV cells can be 60°C or more, especially at high ambient temperatures. 
Consequently at 60° the power output is 14% lower than that measured at 
standard conditions of 1000 W/m² and 25°C. 
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For thin film a-Si PV modules, the temperature coefficient is lower than for 
crystalline silicon PV modules. For instance, the temperature coefficient of 
Kaneka a-Si modules is 0.19%/K and 0.2 for Schott a-Si modules. 
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Figure 5-5: Temperature coefficient of crystalline and thin film (a-Si) modules. 
 
Degradation 
PV solar modules experience a performance degradation process during 
their lifetime. This effect tends to be greater during their first period of 
utilization. With crystalline silicon, degradation of solar modules tends to be 
greater during the first two to three operating years. Degradation during this 
period represents around 20% to 25% of the total degradation that will occur 
over the lifetime of crystalline solar modules. On average, degradation of 
crystal-line PV modules is considered as 0.5% per year, or 12.5% over 25 
years. 
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Figure 5-6: Suggested degradation considered for PV modules 
 
In the case of thin film modules, depending on the type, a-Si modules 
present degradation patterns similar to crystalline silicon modules and claim 
to have more than 80% of the nominal power up to 25 years, other sorts of 
a-Si modules have a life spam of 10 years. It is now reasonably established 
that CIGS and perhaps CdTe are more moisture sensitive and often require 
better module encapsulation than crystalline (or amorphous Si) PV modules. 
Experimental studies reveal that thin film CdTe and CIGS modules show 
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considerable degradation of nominal power after less than three years in 
outdoor conditions. In this case, it is important to consider the guarantees 
and the long term reliability tests (accelerated endurance tests) of the 
manufacturers. As an example, companies like Kaneka, Schott and 
Mitsubishi offer a production guarantee of more than 20 years. Figure 5-7 
shows the efficiency reduction due to module degradation for Kaneka a-Si 
modules. 
 

 
Figure 5-7: Degradation of Kaneka a-Si modules 
 

5.1.4 Inverters 

The main function of inverters is the transformation of direct current (DC) 
generated on the PV Modules to alternate current (AC) suitable for feed-in 
to the electricity grid. The DC to AC electrical conversion efficiency is one 
of the most important parameters for grid-connected PV generation. The 
inverter also performs the following functions: 
 
• Maximum Power Point Tracking (MPPT): dedicated control algorithms 

monitor operating conditions and draw the maximum possible current 
from PV modules under changing solar radiation conditions. 

• Output Wave Form: Grid connected PV Arrays require the inverter to 
produce an AC Output with high quality sinusoidal wave form, i.e. with a 
low total harmonic distortion (THD) for efficient matching to the grid 
characteristics. 

• Control and galvanic separation: of electric circuits, disconnection from 
the grid to comply with safety requirements. Inverters usually have built- 
in monitoring and reporting capabilities. 

 
Generally, conversion efficiency is not constant but depends on the actual 
load therefore to obtain the highest system performance it is important to 
know the efficiency at various operating levels. 
 
The right choice of inverter is strongly linked to the overall system concept 
and level of installed power. Therefore the type of chosen inverter 
architecture has to properly support power management and optimized 
performance of installations with varying ranges of number of modules.  
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Inverters architectures can be identified as central, string and module. 
 
Central Inverters: mostly for application in large, utility scale (1MW+) 
power plants which usually deploy PV modules of the same or very similar 
characteristics. At the upper end of the power range inverters can be en-
closed in a container and integrated with a transformer to deliver medium 
voltage station (MV) directly into a medium voltage connection point. The 
advantages of this approach are increased efficiency and lower inverter 
costs by removing the need for low voltage transformers. 
 
String Inverters: are applied in lower to mid power range (commercial) 
size installations. In this concept the devices are suited to the setup PV 
systems from 15 kW up to 1 MW. They are usually fitted with die-cast 
aluminum housings and can be installed outdoors close to the generator. The 
approach supports a higher degree of module “heterogeneity” because 
inverters of different types/characteristics can be deployed on partial (sub-
blocks) of the installations to connect PV modules with the same specific 
electrical/installation characteristics. 
 
Module inverters are typical of small and/or stand-alone applications. The 
concept is especially useful for building integration whereas a high degree 
of modules characteristics may be present. 
 
Monitoring and protection of the grid is required for PV plants. Commercial 
inverters of present generations provide this monitoring and protection 
functions. An automatically driven control has to manage a disconnection 
within 0.4 seconds in case of failure. In order to comply with the standards, 
an inverter has to comply with the monitoring and control functions as: 
 
• control of the grid voltage, 
• control of the grid frequency. 
 
In most projects inverters have to comply with standards, such as the 
European EMC-Directive (Directive 2004/108/EG) of the European Union 
relating to electromagnetic compatibility. This norm includes restriction 
regarding the noise immunity and transient emissions limits. Furthermore, 
the inverter has to have as low as possible reactive power acceptance. 
COS(Phi) > 0,95. Recommended are inverters with pulse width modulation 
(PWM). 
 
Generally, the full rated power of an inverter is reached with ambient 
temperatures up to 45°C. At higher ambient temperatures the power will 
decrease linearly (e.g. with a 2.5% / °K slope) or the inverter can be dam-
aged (if there is no thermal fuse provided). Therefore, it is essential for an 
efficient operation to control the temperature of the inverter. The specific 
operating temperature range is given by the respective manufacturers. 
 
The technical lifetime of the inverters is expected to be shorter than 25 
years. However, no long term experience data is easily available. Presuming 
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a longer technical lifetime for inverters in the future than nowadays, it is 
assumed that 100% of the inverters will have to be replaced in the years 12 
to 25. 

5.1.5 Module mounting systems 

PV module technology makes use of both direct and indirect solar radiation 
and electrical power production reaches a maximum when the direct 
component of solar irradiation is perpendicular to the PV module surface. 
Therefore PV modules should ideally continuously follow the sun’s path. 
Due to the elliptical orbit of the earth around the sun, the angle of incidence 
of the beam component varies in seasonally and according to the length of 
the path through the atmosphere. To characterize this variation, the term 
“Air Mass” (AM) has been defined. Extraterrestrial irradiation is indicated 
by AM0. AM1 is when sunlight falls on the earth perpendicularly. The 
variation of the solar irradiation incidence angle is fixed by: 
 
• the latitude of the location, 
• the declination of the sun (seasonal cycle), 
• the hour of the day (diurnal cycle). 
 
This shows the impact of the choice of location and tracking concept of a 
PV installation on the profit situation. Figure 5-8 shows all commonly used 
orientation and tracking systems. 
 

 
Figure 5-8: Possible solar orientation and tracking modes 
 

5.1.5.1 Fix mounted PV systems 

In this configuration PV modules require an optimized installation (tilt) 
angle; which can be calculated over the course of the day and throughout the 
year to maximize the energy production.  
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Fixed mounted systems are commercially available on the market from 
various manufacturers. The advantage of fixed oriented PV modules is that 
they have no moving parts, and therefore, capital expenditures (CAPEX) 
and Operating & Maintenance (O&) costs are low. The main disadvantage 
is their lower specific yield per area unit compared to tracking systems, 
which means these systems require larger areas to attain the same power 
output. 
 

 
Figure 5-9: Mounting tables for fix mounted PV systems 

5.1.5.2 Single axis tracking 

Single-axis tracking is a performance/cost competitive alternative system 
with regard to technological complexity and capital expenditure (CAPEX) 
costs. There are three configurations for single-axis tracking: versions B 
(tilted azimuth tracker) and C (tilted polar axis tracker) achieve a higher 
solar yield compared to version D (horizontal polar axis tracker) because 
they allow tracking of the sun’s complete path. On the other hand, version C 
is easier to implement and is less sensitive to wind loads. Tracking systems 
are to be considered only for crystalline PV modules. 
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Figure 5-10: Polar type single-axis tracker6 Figure 5-11:  Horizontal type single-axis
       trackers7 

5.1.5.3 Biaxial tracking 

A biaxial tracking system combines the three possible single-axis tracking 
configurations and so makes it possible to exactly follow the sun’s path so 
the sunlight hits the module at a right angle throughout the day and the year. 
A biaxial system achieves the highest solar energy yield, but its capital costs 
and maintenance input are higher. 
 

 
Figure 5-12: Biaxial tracking configuration 
 

                                                 
6 http://www.solarchoice.net.au/index.php 
7 Ibid. 
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Figure 5-13: Dual-axis solar tracker8 

5.1.5.4 Tracking potential 

Solar tracking has been used with PV modules for more than 20 years. The 
energy gains for single north–south axis tracking over fixed surfaces ranges 
from 18 to 25%, and from 37 to 45% for biaxial tracking for reason-able 
ground cover ratios and depending on the region. For Southern Europe, 
single-axis tracking increases the mean annual irradiation capture by about 
22%, and with biaxial tracking an average annual gain of about 36% may be 
expected. 
 

 
Table 5-1: Typical energy gains with tracking systems for Central and Southern 

Europe 
 
In general, the irradiation collection gain to be expected for a specific 
tracking mode depends on the latitude of the site (effect of day length) and 
the ratio of direct to diffuse irradiation. An upper limit is reached for biaxial 
tracking with a free horizon. The available literature describes several cases 
with good performance in terms of both reliability and energy gains. For the 
example of Spain, the capital cost for tracking is greater by 20% while the 
energy yield is increased by about 40%. 
 

                                                 
8 http://www.solarchoice.net.au/index.php 
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5.1.6 Photovoltaic systems 

While stand-alone photovoltaic systems can supply electrical energy in 
geographical regions where no power distribution exists mainstream 
implementation of photovoltaic projects focus on grid-connected systems. 
This approach has been especially successful when supported by legal 
framework as “feed in tariffs agreements” at country level.  
 
Grid-connected systems can be grouped, according to the mounting “back-
ground” for PV Modules, as: 
 
Building integrated:  
Mounted on roofs or the façade of buildings.  
 
Land based:  
Mounted on greenfield special tilted frames, tracking systems.  
 
All systems are obviously more efficient when the modules are placed on 
surfaces that are preferably south (north) oriented.   
 
Building-integrated systems 
This type of installations can be sub-grouped according to the dimensions 
(size) of the available installation surface. Large commercial or public 
buildings can accept up to 1MWp whereas family homes will fall in a range 
of up to 10kWp. Building integrated PV modules may replace part of the 
conventional façade thereby creating an attractive appearance of the 
building. Chimneys, windows, antennas etc may further reduce the eligible 
roof surface available for PV modules because of potential losses due to 
shading effects. Therefore in practice 10 to 15 m² tilted roof area directed 
approximately to the south is required per kWp. 
 
A particular issue of importance when considering commercial buildings for 
PV roof installations is the long life-time (25+ years) of photovoltaic 
systems compared to the usual time horizon (10 years) for investments in 
buildings:  
 
Land-based systems 
Large scale, ground-based photovoltaic systems recently commissioned or 
under construction in Europe have an installed power in the range of 1MWp 
– 50MWp. These installations have already reached the level of small scale 
utility power plants and have surface requirements of a few hectares. 
 
The construction of ground mounted PV-systems is less costly than 
construction of building-integrated systems. Non-concentrating modules in 
arrays are usually mounted in a fixed tilted position corresponding to the 
latitude. Albeit photovoltaic sets are per se modular, one may realize 
economies of scale with purchase of modules, with the balance of systems 
costs and with construction and maintenance. Thus, large ground mounted 
installations can be realized at lower specific costs than small systems. Once 
erected the area under the modules can be still used as e.g. grazing land. 
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Unlike solar thermal power plants, the need for ground leveling since the 
installations can more easily adapt to the landscape.  
 
Tracking PV systems are more easily to realize with ground mounted 
systems. They have recently become a more attractive proposition, 
particularly for PV applications in countries with a high share of direct solar 
irradiation. Calculations show that by using such systems the energy yield 
of a PV system can be increased by up to 30% compared with non-tracking 
PV systems. Two-axis tracking systems have with approximately 50 m² per 
kWp a higher specific land demand compared to fixed systems but with a 
higher annual yield per kWp installed. Operational expenses are higher with 
tracking systems than with fixed due to the moving parts requiring 
additional care. There are recent developments to use high concentrated 
sunlight for special non-silicon PV modules. The concentrators used for this 
technology are very similar to those used for solar thermal power plants: 
parabolic dishes or distributed mirrors concentrating the sunlight on a 
central absorber. Two axis tracking is needed since only the direct share of 
solar radiation can be concentrated. 

5.2 Solar irradiation resource 

The site location for the purpose of this preliminary study has been 
tentatively fixed at the point: 

 
25° 2'60.00"N 
77°28'1.20"W 

 
which is located in the proximity of Nassau International Airport on New 
Providence. 
 
Climatic Data Sources 
The results included refer to solar irradiation figures and ambient 
temperatures obtained from public access or commercial databases 
including limited subsets of ground based measurements. The following 
databases have been considered as sources for solar irradiation, temperature, 
and other relevant climatic data: 
 
• NASA RETScreen 
• Meteonorm 
 
NASA RETScreen9 
A Database with data collection by NASA made available through an 
internet based resource created by the NERC in Canada. The NASA Solar 
SSE Release 6.0 has been updated in four basic ways: (1) the solar data in 
Release 6.0 now spans the 22 years from July 1, 1983 through June 31, 
2005, and the meteorological data spans the time period from January 1, 

                                                 
9 http://www.retscreen.net/ang/home.php  
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1983 – December 31, 2005, versus the nominal 10 years of coverage in 
Release 5.1 
 
Meteonorm10 6.1.10 (MN6) 
The database contains a large number of monthly averages of solar 
irradiation, temperature and other climate variables. It is based on long-term 
(10 years or longer) measurements by national weather services. For 
arbitrary locations worldwide, the system performs a spatial interpolation to 
the desired location based on the nearest located available readings. A 
dataset for Miami is already available in the simulation software to be used 
in this report. 
 
The following Table provides a summary of the values for global horizontal 
irradiation (GHI) obtained from each of the above mentioned resources.  
 

Data Source Time Period GHI 
  [kWh/m²] 
Meteonorm 6.0 1981-2000 1,994 
NASA  1983–2005 2,002 

Table 5-2: Data sources for solar irradiation 
 
Based on the above data, the Meteonorm value, which is available in the 
climatological database available at Fichtner, for the annual sum of global 
horizontal irradiation is adopted for the simulations.  
 

GHI = 1,994 kWh/Year 
 
Both data sources compare well to each other for the Nassau location.  
 
The uncertainty about the total radiation at the site is estimated at 5%. 
Possible deviations in individual years from long-term average are typically 
in the range of ± 10%. 
 
The temperature normalization is based on data on mean monthly air 
temperature from 1996 to 2005 from Meteonorm. As mean annual air 
temperature for the site a value of 25.5 °C is adopted. 
 
As the project is located in the Caribbean Sea, an important aspect related to 
the risks resulting from potential damages from hurricanes and respective 
wind loads will have to be assessed during the feasibility study. 
 
A further aspect for the consideration of geographical locations through the 
whole Bahamas Island Group reveals that the furthest north and south 
locations show irradiation (Source Meteonorm) levels fluctuations com-
pared to the previously selected reference location at Nassau International 
Airport according to the following table. 
 

                                                 
10 http://www.meteonorm.com/pages/en/  
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Site Latitude Longitude G_horizontal Deviation 
   [kWh/m2] % 
Nassau Int. 
Airport 

25.050 -77.467 1994 0 

Freeport 26.527 -78.727 1793 -10.00 
Inagua 20.793 -73.635 1840 -8.00 
Table 5-3: Geographical Fluctuations in solar irradiation 
 
A fluctuation of 10% on the average yearly irradiation value seems likely 
and such a value will be used in sensitivity analysis performed later in the 
study to assess potential deviation in the costs of energy production. 
 

5.3 Evaluation of technical alternatives 

5.3.1 Plant configuration parameters 

The evaluation of alternative technologies considered for the project place 
emphasis on: 
 
1. Module Technology: mono-, poly crystalline silicon, Thin-Film 
2. Mounting Systems: fixed, single axis tracking 
 
The following matrix shows all considered configurations: 
 

 

Module Technology
Mono-Cr Poly-Cr Thin-Film

Fixed CASE 1 CASE 2 CASE 3

1-Axis_h CASE 4

1-Axis_v

2-Axis

BP Solar BP-3220N
SunPower  215 HWT
First Solar FS-275

M
ou

nt
in

g 
Sy

st
em

   

 
Figure 5-14: Component Configuration Matrix and Case Definition 
 
Furthermore, to gain flexibility in scaling up the energy production the 
simulation process considers configuration blocks of 100kWp. The technical 
characteristics of the components considered in the simulation are shown 
below: 
 



 
 

 
7399P02/FICHT-6472615-v1  5-22 

 

Module   SunPower 
215WHT 

BP Solar -
3220N 

First Solar  FS-
275 

Technology  Mono 
crystalline Polycrystalline Thin Film 

(CdTe) 
Quantity  464 460 1336 
Peak Power [Wp] 215 220 75 
Length m 1.559   1.667 1.200 
Width m 0.798 1.000 0.600 
Area  m2 1.244 1.667 0.72 
Weight Kg 15.00 19.4 12.00 
Efficiency (STC) % 17.3 13.2 9.5 
Table 5-4: Technical data of reference PV modules. 
 
The modules selected for the analysis represent state of the art technologies 
in each of the particular sub-groups for solar panels. 
In order to remove additional uncertainty sources only one inverter of 
central type was chosen. This decision will have to be reconsidered for 
detailed analysis of designs and optimization studies to further improve 
overall performance. The current inverter selection is shown below: 
 

 
Inverter 

 SMA Sunny Central 
100 Outdoor HE 

Technology  Central 
Quantity  1 
Peak Power [kWp] 110 
DC Voltage range, MPPT  [Wp] 450 – 820 
Height m 1.995 
Width m 1.651 
Depth  m 0.783 
Weight  Kg 2000 

Table 5-5: Technical data of selected inverter. 
 
The technical characteristics of the mounting systems considered in the 
simulations are shown below: 
 

System  Characteristics 
Single-axis  
horizontal backtracking 
(SunPower Solar ST 10) 

Up to 250kWp per drive motor 
-60°, +60° azimuth rotation 

Fix – Mounted  South oriented,  0°–30° tilted table 
structures 

Table 5-6: Parameters for fixed and two-axis tracking modules   
 
Shading losses have been considered negligible for the fix mounted 
configurations under the assumption that no limitations on land availability 
exist. For a detailed design an accurate optimization layout study may be 
carried out to maximize specific installed power (kWp/m2) and minimize 
shading losses to arrive an acceptable Ground Cover Ratio (GCR). 
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5.3.2 Estimation of energy production 

The data and information in chapter 5.2 was used for calculations with 
PVSYST software. PVSYST V5.04 is a PC software package for the study, 
sizing, simulation, and performance analysis of complete PV systems. It is 
suitable for grid-connected, stand-alone, pumping and DC-grid (public 
transport) systems, and offers an extensive meteorological and PV-
components database. 
 
For the PVSYST simulation, the location of Nassau was modeled as 
follows:  
 
• The inclination (tilt angle) of the structures to mount the PV modules in 

supporting structures was chosen according to PVSYST optimization as 
22°. 

• The site area was considered as a regular shape. 

5.3.2.1 Simulation process 

The simulation performed with the PVSYST V5.04 software package on 
reference 100kWp arrays, includes the following main steps: 
 
• Incident energy: Global and diffuse irradiation data on the horizontal 

plane are used to calculate the irradiation on the tracked plane of the 
photovoltaic array (POA). The transposition of diffuse irradiation is 
performed in the simulation process for the present analysis with the 
Perez Model. The ground reflection has been considered with Albedo = 
0.20 .  

• Irradiation Energy Losses are computed by specific models representing 
optical, transmission and or surface effects to deliver the energy available 
for the irradiation-electrical conversion process. 

• System Performance Modelling: based on the properties and perform-
ance characteristics of PV modules (output power, partial shading ef-
fects, temperature behaviour etc.) and inverters (conversion efficiency, 
partial load etc.)  

• Passive losses occurring in the electrical cabling are estimated to finally 
correct the energy delivered at the output of the inverter. 

5.3.2.2 Energy production, simulation results 

The simulation process computes annual total electricity generation 
(kWh/year), Performance Ratio (PR) and annual specific electricity 
generation (kWh/kWp/year). The yearly energy production figures assume 
100% availability of components on one typical statistical year.  
 
The following table summarizes performance results for the reference 
configurations described before. 
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CASE 1 2 3 4
Module BP 3220N  FS-275 SPR 215 SPR 215
Inverter 
Mounting Fixed Fixed Fixed 1-Axis-H
Specific Yield kWh/ kWp/ Year 1,706 1,848 1,749 2,071
Performance Ratio 81.0% 86.7% 80.8% 82.6%
Energy Produced MWh / Year 173 185 175 207

SMA Sunny Central 100  Outdoor HEW

 
Table 5-7: Performance Prediction for 100 kWp Block(s) 
 
A graphical representation of the yearly energy production performance for 
all considered technologies is given in the Figure 5-15 below.  
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Figure 5-15: Yearly Energy Production 
 
Additionally, a further detail of the monthly production figures can be 
observed in Figure 5-16 below. 
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Figure 5-16: Monthly Energy Production 
 
The results shown above indicate that higher levels of energy can be 
produced with monocrystalline modules and 1-Axis tracking systems. The 
second positioned alternative is represented by fix mounted Thin-Film 
modules. Such a behavior can be explained by consideration of the 
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distribution of the global irradiation levels on the horizontal and array 
planes which are shown below. 
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Figure 5-17: Incident energy on the Plane of Array (POA) 
 
It can be seen that the global energy available on the module surface (POA) 
remains close to the global energy incident on the horizontal for all fix-
mounted systems whereas it is significantly higher for the 1-axis tracked 
option. Additional consideration at the relative performance of the different 
technologies and configurations can be observed on the Figure 5-18 below: 
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Figure 5-18: Performance Ratio for Module and Tracking Technologies 
 
These results indicate that fix-mounted Thin-Film modules deliver the 
highest levels of energy conversion per area unit. Part of such a behavior 
can be explained by considering that the incident energy has a 30% or 
higher component of diffuse irradiation. It is known that Thin-Film modules 
make better use of such a diffuse component of incident irradiation. 
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The yearly energy production reported represents the AC output directly 
after the inverter output. Transformer and cabling losses can be averaged to 
0.7% each can be considered for the portion between the transformers and 
the connection points to the grid. Another factor to be considered will be the 
operational energy requirement for the drive system of one tracker. 
Depending on the final plant concept all these “parasitic” consumptions 
could be externally covered and therefore they should not affect the energy 
production forecast. It is assumed that other operational consumption, such 
as inverter cooling, are also covered by external power supply. An example 
of loss factors considered in one of the simulation cases is provided in the 
Table 5-8. 
 

Gain/Loss Factors % 
IAM Factor on Global -3.0 
Loss to irradiance -2.9 
Loss due to temperature -10.7 
Loss due to Soiling -0.5 
Loss due to module quality -1.1 
Loss due to array mismatch -1.1 
Loss due to Ohm effects  -0.7 
Inverter loss during operation -1.6 

Table 5-8: Summary of loss factors 
 
The results for Case-3 and Case 4 show a higher energy production 
performance for the configurations using tracked systems. On the other hand 
cost considerations and acceptable Performance Ratios can be observed for 
the fixed configuration specially the one with Thin-Film Module 
technology. 

5.4 PV power generation costs 

The following section reviews the cost structure of a PV project, considered 
from the point of view of Total Life Cycle Costs, to arrive at energy 
production prices by applying the concept of Levelized Cost of Energy 
(LCE). 

5.4.1 Capital expenditures 

The major driving factor of capital expenditures in the development of a 
photo-voltaic project is the cost of PV Panels. In the past years, solar panel 
prices have represented approximately 40% to 60% of total PV system 
installed prices depending on the market and application type.  
 
Supply/Demand Issues: During the period 2001 -2008 due to growth in PV 
demand and a consequent global shortage of solar-grade polysilicon, the 
cost of polysilicon became the driving cost of a conventional solar panel. 
Long-term supply contracts seem to be now standard in the industry and 
should contribute to lowering feedstock costs for companies that have 
entered such contracts. Also new high volume factories being currently built 
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and new silicon purification process technologies should also further 
contribute an improved cost structure. 
 
Production Capacity Issues: Improvement in silicon utilization by solar cell 
manufacturers has further contributed to cost reduction. The mass of 
polysilicon consumed to manufacture a watt at the solar cell level declined 
from 13 g/W in 2004 to 6.3 g/W in 2008 and is expected  to continue to 
decline (to an estimated 5 g/W)  with new technologies under development. 
By 2011 this approximately 60% reduction in the use of silicon, coupled 
with an approximately 50 percent decline in the price of polysilicon, will 
independently drive large cost reductions for PV panels.  
 
Area related expenses include system costs which directly scale with the 
area of PV panels used. These expenditures include steel, foundations, 
mounting hardware, plant installation, shipping and warehousing, field 
wiring, and the electrical components used to connect the panels.  
 
The characteristics of structures used for panel installation are defined by 
the wind load expected at the project location. The loads are mainly a 
function of the PV panel surface area exposed to the wind whether the 
system is tracking or fixed. Accordingly tracking and fixed tilt supporting 
concepts may, with the exception of the drive and control components, have 
similar costs. 
 
Furthermore area-related installation costs can vary substantially by site and 
by country. For example, support foundations might be less easily driven 
into the ground in a typhoon zone may require a thick steel beam placed in a 
hole drilled into rock and secured with reinforced concrete at four times the 
cost.  
 
In this analysis area-related costs have been considered based on former 
project experience and public information (Table 5-9).  
 

Prices 
Thin Film $/Wp 1.74 
Poly Crystalline $/Wp 2.32 
Mono Crystalline $/Wp 2.61 
Structure (fixed) $/m2 40.63 
Structure (1-axis) $/m2 106.76 
Inverter $/Wp 0.51 
Wiring (fixed) $/Wp 0.44 
Wiring (1-axis) $/Wp 0.58 
Installation $/h 36.28 
Construction % 15.00 

Table 5-9: Initial investment costs for a PV project 
 
Surface requirements of a solar power plant are driven mainly by: solar 
panel efficiency and system ground coverage ratio (GCR). System GCR is 
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the ratio of solar panel area to land area11. PV panels mounted flat use land 
the most efficiently and have the maximum GCR but have the lowest 
capacity factor, meaning lower utilization of fixed plant costs. Conversely a 
two-axis tracker has the maximum possible capacity factor but requires up 
to 10 times more land than flat configurations. 
 
Grid interconnection costs relate to inverters, transformers, switchgear, 
medium voltage substation and electrical interconnect to the central grid. 
These costs are driven by the price of the manufactured components, the 
skilled labor used to install and the price of copper, which drives much of 
the inverter and electrical wiring costs.  

5.4.2 Operation and maintenance 

The LEC calculation considers in general terms the major aspects of 
Operation & Maintenance (O&M) activities. 
 
O&M activities included within special purpose contracts shall cover 
components of the power plant, the electrical infrastructure and include the 
completion of preventive and corrective maintenance activities such as: 
 
• Capital replacement services, according to an agreed upon plan.  
• Remote monitoring for proper operation. 
• Major inspections (at least two per year) with a period between 

inspections of not more than 6 months.  
• Minor repairs, cleaning and repair work.  
• Attendance of failures / messages that do not require corrective 

maintenance. 
• Measurement of real and plan output performances.  
• Annual cleaning of the panels (as required by local climate). 
• Monthly reporting of daily weather station data collection. 
• Monthly reporting of electrical energy production, evacuation of 

electricity to the grid, plant availability, spare parts and consumables 
employed and water and electricity consumption of the solar park. 

• Operation and maintenance of a weather station.  
• Vegetation control. 
• Replacement of spare parts and component parts at no additional cost and 

maintenance of the minimum inventory of spare parts. 
• Corrective maintenance, which includes all activities necessary to correct 

incidents, failures, breakdowns and malfunctions affecting the solar park 
and the electrical infrastructure.  

 
Furthermore, O&M activities shall be scheduled in such a way that the 
continuous operation of the plant is slightly or not affected, especially 
during the hours of maximum solar radiation. Online-access to the 
monitoring system and the production data records of the plant should also 
be guaranteed for the Owner to follow the plant performance. Appendices 
                                                 
11 For tilted panels: the area projected on the ground. 
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D, E and H provide more details, lists of scheduled O&M Activities and 
costs. 

5.4.3 Levelized Cost of Energy (LCE) 

On the basis of the energy production simulations estimations of levelized 
cost of energy (LCE) for a fixed reference area of 25,000 m² have been 
performed in order to assess the economic performance of different 
photovoltaic system technologies. Major inputs to the used LCE equation 
are: 
 
Initial investment 
The initial investment in a PV system is the total cost of the project plus the 
cost of construction financing.  
 
Annual costs 
In the LCE calculation the present value of the annual system operating and 
maintenance (O&M) expenditures is added to the total life cycle cost. These 
costs include inverter maintenance, panel cleaning, site monitoring, 
insurance, land leases, financial reporting, general overhead and field 
repairs, among other items. 
 
System energy production 
The value of the electricity produced over the total life cycle of the system 
is calculated by determining the annual production over the life of the 
production which is then discounted based on a derived discount rate. The 
first-year energy production of the system is expressed in kilowatt hours 
generated per rated kilowatt peak of capacity per year (kWh/kWp).  
The specific performance (kWh/ kWp) is a function of: 
 
• Yearly irradiation levels on site  
• Module orientation  
• Active PV surface density in terms of Ground Cover Ratio (GCR). 
 
Aspects that have not been considered in the current evaluation of LCE are: 
 
• System residual value. The present value of the end of life asset value is 

deducted from the total life cycle cost in the LCE calculation. Because 
solar panels usually are supplied with performance warranties for 20/25 
years if a project is financed for a 10-or 15-year term the project residual 
value can be significant. 

• Depreciation tax benefits Is the present value of the depreciation tax 
benefit over the financed life of the project assets. Public policy which 
enables accelerated depreciation directly benefits the system’s LCE 
because faster depreciation translates to faster recognition of the 
depreciation benefit. 
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  unit fixed 1-axis tracked
    Thin film Poly  Mono  Mono  
      Crystalline Crystalline Crystalline 
Costs System $/Wp 3.5543 4.0924 4.3038 6.3164 
        
Nominal Capacity PV Generator kW 1,619 2,105 2,990 1,993 
Number of Modules   21595 9569 9804 6536 

        
Costs Plant Total $ 5,752,802 8,615,084 12,868,803 12,591,202 
O&M Costs Total (year) $ 65,975 87,442 119,345 112,697 
O&M in % of total investment % 1.15% 1.01% 0.93% 0.90% 
        
Power per ha (kWp) kWp/ha 647.42 842.06 1196.05 797.37 
        
Electricity Generation (annual) kWh  2,961,968 3,591,394 5,172,925 4,128,373 

Table 5-10:  Input data for economic assessment of different PV technologies 
 
Table 5-11 depicts the resulting levelised electricity generating costs of 
different PV systems. At the present status, PV cannot compete with BEC 
avoided costs of power generation which are BSD 0.162/kWh, BSD 
0.176/kWh on New Providence, The Family Islands respectively. However, 
PV gets closer to economic competiveness when BSD 100/ bbl fuel costs 
instead of BSD 70/bbl are assumed for fuelling the conventional power 
plants. Then, avoided costs amount to BSD 0.226/kWh, 0.240/kWh for New 
Providence, The Family Islands respectively. For private households, PV is 
very close to be commercially viable when assuming a low Weighted 
Average Costs of Capital (WACC) of 9% which is more typical for these 
users than 12%. Then, pv generation costs of BSD 0.322/kWh competes 
with electricity tariffs of BSD 0.312/kWh. 
 

Present LEC Prospective LEC 
WACC 9% 12% 9% 12% 

PV Thin film 0.237 0.284 0.119 0.142 
PV Poly 0.295 0.353 0.163 0.192 
PV Mono 0.294 0.355 0.158 0.188 
PV Mono 1 Axis 0.364 0.438 0.182 0.219 
PV household 0.322 0.386 0.161 0.193 

Table 5-11:  Levelised electricity generating costs of different pv systems in 
BSD/kWh 

 
Further substantial future cost reduction for PV might be expected. For 
instance the International Energy Agency expects investment cost 
reductions for PV of 70% from the current BSD 4000-6000/kW down to 
BSD 1200-1800/kW by 2030, with an important cost reduction of at least 
40% already being achievable by 2015 (and -50% by 2020)12. We have 
applied an investment cost reduction of 50% against present investment 

                                                 
12 International Energy Agency: Projected costs of generating electricity.2010 Edition. 
Paris. 2010 
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costs . Even though this cost reduction might not occur to all PV 
technologies evenly this analysis still depicts that PV may very soon 
achieve economic viability (against BEC’s avoided variable costs) as well 
as commercial viability (against BEC’s household tariffs). 
 
Fixed monocrystalline modules yield the highest power production per 
surface area. The technology alternative rated in 2nd place is represented by 
fix mounted thin-film modules. When it comes to specific generation costs 
fixed mounted thin film systems are most preferential. Where ever space is 
not a restriction we recommend applying thin film PV. Space is not limited 
on The Bahamas when it comes to green field plants. Against that, building 
integrated PV might better go for monocrystalline or polycrystalline 
systems to maximize absolute yield on a given roof. These 
recommendations are somewhat time dependent. With prices and 
performances developing differently for different technologies other PV 
technologies might be preferential in the future.  

5.5 Potential of photovoltaic power generation 

5.5.1 Potential of building-integrated photovoltaic generation 

We have investigated the potential of building roofs for the use of solar 
energy. The analysis for the potential of building-integrated photovoltaic 
equals to a large extent the analysis of potential for solar water heaters (refer 
to chapter 4) since both technologies rely on the same resources, i.e. the 
solar radiation and building roofs for installation. We still repeat our 
approach here to provide a comprehensive picture of the analysis. 
 
Generally, all flat roofs and all roofs oriented to the south are optimal for 
solar energy use. Further on, a pitch of the solar devices (i.e. the modules or 
the solar collectors) equivalent to the latitude of the site is optimal, i.e. for 
the case of The Bahamas between 20° and 27°. However, the losses in yield 
due to an orientation and tilt not entirely optimal are not very high (cp. 
Table 5-12). Our simulations indicate that a PV set oriented entirely to the 
east or west (third column from the right) still yield 91% of the yield when 
the device is strictly oriented to the south (fourth column from the right). 
And a device lying flat (first column from the right) looses only 6.5% 
against the optimal case. For the purpose of determining the potential of 
roofs for solar energy we thus consider also roofs oriented to the west and 
east and have solely excluded roofs oriented to the north. 
 

Mounting/Azimut Fixed 22° / 0° Fixed 22°/ -90° Fixed 22°/ -180° Fixed 0° / 0°
Specific Yield kWh/ kWp/ Year 1,730 1,572 1,343 1,628
Performance Ratio 82.1% 82.3% 80.8% 81.6%
Energy Produced MWh / Year 173 157 134 162  

Table 5-12: Simulation of the annual yield of a PV set (Module type SPR 215) under 
Bahamian conditions depending on orientations and tilt 
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We have determined the share of suitable oriented roofs (i.e. oriented south, 
west, east) on the total roof area by digitizing a sample of buildings showing 
the attributes roof direction (inclusive of flat roofs), type of building 
(residential or commercial), and roof area (sq. m). We used aerial 
photography for this purpose. Due to the availability of aerial photography 
the analysis was restricted to New Providence and Grand Bahama, however, 
covering more than 80% of Bahamian total population. The sample 
comprises 1.25%, 3.12% of the total building area on New Providence, 
Grand Bahama respectively. 
 
On both islands most of the residential buildings have a pitched roof, while 
more than half of the commercial buildings have been constructed with a 
flat roof. In a third step the alignment of the roofs is analyzed. The analysis 
of the sample depicts that approximately 70% of the roof areas with a 
pitched roof are aligned south-, west- and eastwards. Nearly two third of the 
roofs on commercial buildings with a pitched roof on Grand Bahama and 
more than three fourth on New Providence are aligned south-, west- and 
eastwards. As the surveyed area of the pitched roofs illustrates the projected 
roof area, the area of all pitched roofs are multiplied by 1.0785 (cos 22°; 
assumption: roof pitch = 22°) to calculate the real roof area. Subsequently, 
the area of south-, west- and east oriented roofs are calculated. 
 
For pitched roofs, a 30% adjustment is subtracted from the area in order to 
consider parts of the roof that are not suitable for PV installations due to 
dormer windows, air conditioning devices, ducts, and satellite dishes etc. 
For flat roofs, which mainly represent commercial buildings, firstly a 30% 
adjustment is subtracted from flat roof area in order to consider parts of the 
roof that are not suitable for PV installations due to elevator housing, air 
conditioning devices, and satellite dishes etc. Additionally another 30% 
adjustment is calculated due to the shadowing of the PV modules built on 
stilts. The sample indicates that 60% of the total building roof area is 
suitable for energetic uses. 
 
In a further step the results of the sample are transferred to all buildings on 
Grand Bahama and New Providence in order to identify the potential roof 
area that could be used for PV devices. By using the ratio pitched and flat 
roofs from the sample, the amount of such roofs, or more precisely the roof 
area, could be identified on both islands based on the building area. The 
ratio on commercial and residential building on Grand Bahama is used as 
reference for New Providence. 
 
In total, almost 10 million square meters of roof area would be potentially 
suitable on both islands (Table 5-13). The bulk of this area is situated on 
residential buildings.  
 
 Grand Bahama New Providence Total 
Commercial 367,861 1,376,880 1,744,742 
Residential 2,018,623 6,195,942 8,214,565 
Total 2,386,485 7,572,822 9,959,307 
Table 5-13: Roof area in square meter suitable for solar energetic uses on Grand 

Bahama and New Providence. 
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With a typical yield of 173 W/m², this area would result in a potential peak 
capacity of roughly 1,700 MW (cp. Table 5-14), which is more than 
fourfold the power capacity installed presently on The Bahamas. 
 
 Grand Bahama New Providence Total 
Commercial 63,577 237,966 301,543 
Residential 348,878 1,070,842 1,419,720 
Total 412,455 1,308,808 1,721,263 
Table 5-14: Potential peak power in kilowatt from building integrated PV on Grand 

Bahama and New Providence 
 
With typical 1,730 annual full load hours (equivalent to a capacity factor 
19.7%) this leads to a potential annual electricity yield of almost 
3,000 GWh (cp Table 5-15). This equals 130% of Bahamian total power 
generation in 2008. 
 
 Grand Bahama New Providence Total 
Commercial 109,989 411,681 521,669 
Residential 603,559 1,852,557 2,456,115 
Total 713,547 2,264,237 2,977,785 
Table 5-15: Potential annual electricity yield in MWh from building integrated PV on 

Grand Bahama and New Providence. 
 
Please note that this analysis is restricted to New Providence and Grand 
Bahama where 80% of Bahamian population is residing. Extrapolating these 
findings to the entire Bahamas let us expect 3,700 GWh of potential 
generation from building integrated photovoltaic equivalent to 165% of The 
Bahamas total power generation in 2009. We have neglected the roof space 
dedicated to cover the hot water demand with Solar Water Heaters, since 
this area is less than 5% of the entire suitable roof area and would not 
change the general picture. 
 
Our investigations on New Providence propose the Anatol Rodgers Public 
School as one potential candidate for the development PV on public 
buildings. 
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Figure 5-19: Potential roof-installed PV system 
 

5.5.2 Green field power plants 

Besides the potential of building-integrated PV systems, we have estimated 
the potential of photovoltaic systems on green fields. 

5.5.2.1 Initial land suitability screening 

Assessing the potential for the installation of PV open-field power plants or 
solar parks on The Bahamas, in a first step suitable areas are identified. The 
intention is to identify all potential suitable areas for the development of PV 
open-field power plants by performing an initial land suitability screening. 
The demand of electricity generated by PV on the Bahamas is not 
considered in this early stage of process, which is of importance assessing 
the structural potential of PV power. This will be considered in the next as 
analyzed in chapter 5.5.2.2. 
 
For the identification of suitable areas for the development of solar parks, an 
initial spatial analysis with ESRI software ArcGIS 9.2 is performed. The 
spatial analysis is mainly based on the land cover dataset provided the 
client. This land cover data set is based on digitized topographical maps 
dating back to 1968 – 1975. Anticipating that the land use has been 
changing during the last 35 years, the selected sites should be verified 
during discussions with local experts, by comparison with current land use 
datasets (e.g. obtained from satellite imagery analysis), or in the field. 
 
Positive list 
Based on the land cover data set provided by the Client, a positive list of 
suitable land cover types is drawn up. Because featuring hardly any conflict 
concerning PV power projects, following provided land cover types are 
selected: 'Cultivated Land' and 'Quarry and Mining Sites'. 
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Exclusion criteria 
Subsequently, all sites where PV open power plants either cannot or should 
not be installed are eliminated from the previously defined suitable land 
cover types. Factors that eliminate a site from the positive list include 
National Parks managed by the Bahamas National Trust and areas smaller 
than 1 hectare (ha) as the minimum size for such facilities requires at least 
1 ha for being economically interesting. 
 
It is the consultants understanding that agricultural crops should not be 
displaced for installations producing renewable energies due to the limited 
resources on the islands. As it is known that some areas classified as 
cultivated land are currently not agriculturally used, it should be therefore 
discussed with local experts which of these areas would be available for 
photovoltaic facilities. 
 
Shortcomings 
Shortcomings in performing the spatial analysis are the lack of data 
generally and the lack of updated data. Moreover, obtained data have 
incorrect geocodings. Therefore, the main road network of the Bahamas 
could not be considered in the spatial analysis for identifying suitable areas 
for PV power. On the one hand the integration of the road network is 
important for access and transportation of major parts of PV systems; on the 
other hand roads need to be eliminated from the selected suitable areas since 
constructions are restricted within a certain distance to roads. 
 
Moreover, no data is available on tourism and recreational areas. As these 
areas are sensitive to large PV power projects, integration in the initial land 
screening process would make sense. 
 
Due the unavailability of data, private islands are not considered, too. 
Access to land might not be possible there. 
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 Cultivated 
Land 
[ha] 

Quarrying and 
mining sites 

[ha] 

Total 
 

[ha] 
Abaco 9,354 3 9,357 
Acklins/ Crooked Island - 3 3 
Andros 1,566 4 1,570 
Berry Islands - - - 
Bimini Islands - - - 
Cat Island - - - 
Eleuthera 1,303 3 1,306 
Exuma Cays 109  109 
Grand Bahama 179 6 185 
Inagua - 14 14 
Long Island - - - 
Mayaguana - 2 2 
New Providence 1,203 3 1,206 
Ragged Island - - - 
Rum Cay - - - 
San Salvador - - - 
Total 13,713 38 13,751 

Table 5-16: Suitable sites for PV open-field power plants 
 
The analysis reveals that on nine islands suitable land is available for open-
field PV projects. The results of the initial land suitability screening are 
visualized in Annex B. 

5.5.2.2 Potential of PV green field power plants 

Based on the identified suitable land, the potential of PV green field power 
plants on The Bahamas is estimated. The maximum density of installed PV 
per area depends on a lot of factors including the land profile, accessibility, 
and mounting systems. For the purpose of calculating the technical potential 
of PV open-field plants, 500 kW per hectare is emanated. With reference to 
the identified suitable land for PV open-field power plants, a total technical 
potential of almost 7 GW (see Table 5-17), which is more than tenfold of 
the presently installed capacity of power plants on the entire Bahamas. 
 

  Area Capacity Annual yield 
  [hectares] [MW] [MWh/a] 
Abaco 9,357 4,678 8,093,436 
Acklins/Crooked 3 2 2,927 
Andros 1,570 785 1,357,867 
Eleuthera 1,306 653 1,129,672 
Exuma 109 54 93,933 
Grand Bahama 185 92 159,758 
Inagua 14 7 12,450 
Mayaguana 2 1 1,494 
New Providence 1,206 603 1,043,318 

Total 13,751 6,876 11,894,855 

Table 5-17: Technical potential of open-field PV installations 
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The analysis reveals that the technical potential on all islands, which have 
suitable areas for solar parks, except Grand Bahama, is higher than the peak 
demand presently as well as in the future. Thus, the structural potential 
which considers also the ability of the grid to absorb the generation is 
restricted by the present and future peak demand (Table 5-18). 
 
In case the entire structural potential would be exploited, there is a risk that 
not all power generated by solar parks can be actually absorbed by the 
demand. This is because load patters and PV power generation pattern are 
not necessarily congruent. A more exact analysis would therefore require 
typical load curves of every power grid. Since the capacity factor of PV is 
lower than the load factor of the fossil power plants presently installed on 
The Bahamas, the structural potential alone would be not sufficient to cover 
the entire power demand. However, load shaping and power storage would 
allow for accommodating more PV capacity and thus also larger shares of 
power generated by PV plants. 
 
Table 5-18 highlights the structural potential of PV open-field power plants 
on The Bahamas. 
 
  2010 2020 
  Capacity Annual yield Capacity Annual yield 
  MW MWh/a MW MWh/a 
Abaco 22.35 38,666 30.48 52,730
Acklins/Crooked 0.75 1,298 1.04 1,799
Andros 5.28 9.134 7.32 12.664
Eleuthera 10.77 18,632 13.96 24,151
Exuma 7.97 13,788 10.67 18,459
Grand Bahama 92.35 159,758 92.35 159,758
Inagua  - - - -
Mayaguana 0.22 381 0.31 536
New Providence 234.49 405,668 315.20 545,296

Total 372.52 644,453 469.03 811,415
Table 5-18: Structural potential of open field PV installations 

5.5.2.3 Site selection considerations for solar parks 

As a starting point for developing solar parks on The Bahamas, preferred 
locations would be on those islands that feature 
 
• highest potential solar irradiation 
• furthest transport routes for intercoastal tankers taking on fuel at Clifton 

Pear, New Providence, loading facility and delivering it to power station 
on the Family Islands 

• low existing power generation capacity and customers 
 



 
 

 
7399P02/FICHT-6472615-v1  5-38 

 

 
Figure 5-20: Overview of the potential solar parks locations 
 
Areas with a possible higher potential seem to be those located on the south-
east region of The Bahamas as indicated in Figure 5-20. 
 
In consideration of the previous identified structural potential of open field 
PV installations (cp. Table 5-18) and the above discussed site selection 
criteria, Mayaguana and Acklins/Crooked seem to be most appropriate. 
Further the PV installation in Tiamo Resort on South Andros where PV 
Power generation has already been operational and may only need to 
upgraded (Figure 5-21). 
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Figure 5-21: Existing tracked PV system  
 

5.6 Initial environmental impact examination of PV  

Building integrated PV plants have no environmental impact additional to 
the impact of the building itself. We thus restrict our initial assessment to 
green field plants. PV green field plants create environmental impacts 
during construction and during operation. In the following a first initial 
examination of the impacts during construction and operation are given 
without considering any specific location. Environmental impacts resulting 
from PV green field plants are usually restricted to the immediate vicinity. 
Considering this, the environmental impacts of PV are normally site specific 
and thus strongly dependent on the location selected for PV installation. 

5.6.1 Construction phase 

Construction activities will take place for a few months only, which means 
that all construction activities are limited and not permanent. The set-up of 
the construction site is situated on the facility site normally, thus any 
additional land use during construction phase is not necessary. 
 
Construction work mainly includes the following activities: 
 
• Ground clearing (removal of vegetation cover) 
• Transportation of materials 
• Grading, excavation and filling (if needed) 
• Transportation of supply materials and fuels 
• Construction of foundations for service building 
• Installation of equipments 
• Operation of cranes for unloading equipments 
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Environmental issues associated with these construction activities may 
include, noise and vibration, gaseous emission from on-site diesel 
generators and mobile equipment, soil erosion, soil shifting and partial soil 
compaction, a loss of wildlife habitat, and a reduction in plant diversity. 
 
However due to short construction period, small amount of trucking and 
equipment needed, and appropriate mitigation measures, such as covering 
and storing of all waste materials to minimize dust emission, little impact is 
expected generally during the construction phase of PV Greenfield plants. 
Nevertheless, a baseline investigation should be conducted prior to 
construction in order to avoid that construction activities will affect 
particular sensitive ecological habitats that may suffer from construction 
works. 
 
Activities conducted in locations other than the facility site include 
excavation/blasting for construction materials (sands, gravels) and access 
road construction and if required. 

5.6.2 Operation phase 

The environmental issues specific to the operation of photovoltaic green 
field projects include the following:  
 
• Soil sealing and coverage 
• Light issues 
• Visual impacts 
• Noise 
• Emissions 
• Electrical and magnetic field 
 
Soil sealing and coverage 
PV power plants have impacts by covering the soil area that is exposed to 
less precipitation and irradiation. Especially on sites with fix mounted PV 
systems, these impacts are permanent and results in lasting shading of the 
vegetation cover, which, in turn, could lead to soil drying. Such impacts are 
negligible on sites with single or biaxial PV tracking systems since a 
permanent shading does hardly occur due to the continuously track of the 
sun’s path. However, a gully can be created by running water along the 
bottom line of larger fix mounted PV systems eroding sharply into the soil. 
Soil erosion can be minimized by planting low-growing groundcover 
under/around arrays or an appropriated siting of the PV modules that allows 
for a decentralized seepage of rainwater. 
 
The PV modules will be fixed by steel pipes that do not require any 
fundaments. Soil sealing is only caused by the construction of fundaments 
for the transformer, service buildings and if required parking spaces, paths 
etc.). Compared to the total area of a PV green field plant, the sealing level 
is less than 5%normally. 
 



 
 

 
7399P02/FICHT-6472615-v1  5-41 

 

Light issues 
Different visual effects might be generated by solar parks13: 
 
• light reflexes from structured, scattered surfaces (modules) and less 

structured, smooth surfaces (metal construction); 
• reflection caused by light reflexes of reflective, smooth surfaces; 
• development of polarized light caused by reflection. 
 
Light reflexes: PV systems convert solar radiation into electricity. 
Therefore, the transmission and absorption of the solar radiation are 
improved at the solar panel and the reflection is reduced to less than 5%. 
This is achieved through the use of special face-plates and antireflective 
coatings for the glass. 
Due to the unsystematic alignment of the metal constructions light bounces 
off in all directions. Furthermore, light is less scattered during reflection at 
smooth, unstructured surfaces. 
 
Reflection: While thin-film PV modules might exhibit a larger reflection 
potential under certain light conditions due its dark coloration and smooth 
glass surface, waver-modules exhibit a small reflecting potential due to its 
color and the surface structure. 
The reflective surfaces of PV modules might mirror pictures of the 
environment (cp. Figure 5-22) that simulate habitats tempting for birds for 
landing. 
 

 
Figure 5-22: Reflection at PV modules; Source: Herden et al 2009: 26) 
 
However, various environmental reports for solar parks state that negative 
impacts on birds due to reflection issues are not expected. Moreover, with 
                                                 
13 ARGE Monitoring PV-Anlagen, 2007, pp. 17 et seqq. 
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respect to the conditions at the Bahamas and the type of installation, no 
major concerns are expected since a low-tilted installation causes minor 
reflections only. 
 
Polarization: Natural light is unpolarized, meaning the light oscillate in 
different directions, while polarized light is oriented in a single direction. 
Sunlight is polarized because it is scattered by electrons in air molecules or 
by the reflection at smooth, gleamy surfaces such as water surfaces. Many 
animals are apparently capable of perceiving some of the components of the 
polarization of light, e.g. linear horizontally-polarized light. This is 
generally used for navigational purposes since the linear polarization of sky 
light is always perpendicular to the direction of the sun. This ability is very 
common among insects that use this information to orient their 
communicative dances. Since the reflection of light at the PV modules can 
change the polarization levels of the reflected light, it is assumed that the 
PV modules confuse insects and birds. Moreover, the polarization of light 
due to the PV systems might simulate a water surfaces attracting water 
birds. 
 
Visual impacts 
Depending on the location, i.e. topography and landscape, and the type of 
the scheme, PV power plants could have an impact on visual resources. 
Especially large grid-connected power stations are highly visible and could 
become a distinctive feature in a natural landscape. Visual evidence of a 
large solar field cannot easily be avoided, reduced, or concealed, owing to 
its size and exposed location; therefore, effective mitigation is often limited. 
However, the planting of corresponding vegetation like hedges or rose of 
bush can be an appropriate measure to mitigate the visual impacts of smaller 
PV plants on the landscape. 
 
Noise 
In general, no noise emissions are recognized outside the solar park. As the 
solar modules do not generate any high-frequency humming and 
soundproofed casings for the inverters are used, electrical noise is not 
emitted. Sources of noise during operations would be mechanical, if 
tracking PV systems are installed. According to producer of movers, the 
noise emission is about 30 db(a). Such noise emission would occur every 10 
minutes for about 3-5 seconds between sunrise and sunset. Depending on 
the system control, the modules are moved back to the starting position after 
sunset. 
 
Emissions 
During the normal operation of PV systems no gaseous or liquid pollutants 
are emitted. 
Based on the results of energy production and levelized costs of energy fix 
mounted thin-film modules represent a suitable technology for solar power 
on The Bahamas. Thin film modules often contain of semiconductor 
materials composed of cadmium telluride (CdTe) or copper, indium, 
selenide (CIS) respectively. These semiconductor materials include small 
quantities of toxic substances, mainly cadmium. But, it has been shown that 



 
 

 
7399P02/FICHT-6472615-v1  5-43 

 

the release of cadmium compounds from PV modules to the atmosphere is 
impossible during normal operation of the cells and is unlikely during case 
of fire. Fthenakis et al (2005) explain that experiments showed that almost 
all of the cadmium content of CdTe PV modules is encapsulated in the 
molten glass and that the emission of cadmium during fires in central PV 
systems are considered to be essentially cero. 
 
Electrical and magnetic field 
Modules and connecting cables to the inverters produce mainly DC fields 
(electrical and magnetic). These DC electric fields can be measured very 
close to solar modules only, while the DC magnetic fields are much lesser 
than the natural surface magnetic field in a distance of about 50 cm. As the 
two cables between the modules and the inverter are installed very close to 
each other and twisted, the magnetic field is neutralized and the electric 
field is recognized between the cables only. Thus, from the electrical and 
magnetic DC fields harmful impacts are not predicted. 
 
Inverters produce low electric and magnetic AC fields. As the inverters are 
embedded in metal casings and the adjacencies are not permanent living or 
working areas, environmental impacts are not expected. Likewise cables to 
larger household appliances, cables between inverter and the AC system 
produce electric and magnetic AC fields which decline very rapidly the 
larger the distance to them. 
 
Normally a standardized transformer, similar to transformers used in 
settlement areas to transform voltage from high to low or the reverse, will 
be constructed onsite. At a distance of about 10 m, the expected field 
strength of such transformers is less than certain household appliances. 
 
In a solar park high-frequency fields and radiation are not produced. 

5.7 Concentrated Solar Power (CSP) analysis 

Concentrating solar power (CSP) differs from photovoltaic (PV) power 
generation in two major aspects: Firstly, while PV plants are pretty much 
modular, economics of scale similar to conventional power plants apply for 
most CSP plants. Only dish-stirling systems are exceptions here. Secondly, 
as CSP processes sunlight optically, only direct irradiation can be used for 
power generation while PV installations are able to transform both direct 
and diffuse irradiation into electric energy. 
 
These properties of CSP installations result in several preconditions that 
determine whether or not a site or region is attractive for this technology. In 
the following each of them will be described and evaluated regarding the 
regional conditions in the Bahamas. 
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5.7.1 Climatic conditions 

The direct normal irradiation (DNI) is the industry standard value by which 
the useful solar irradiation for CSP power plants is measured. In order for a 
project site to provide sufficient solar resources for an economically 
attractive CSP project, a DNI of 2000 kWh/m2a or more is needed according 
to current industry benchmarks. Below this value, PV is usually superior to 
CSP. As high humidity diffuses solar irradiation, the share of the DNI of 
total irradiation is usually lower for coastal areas or locations with high 
humidity. The same holds true for dust in desert areas. 
 
Sites with constant but low DNIs would require too large solar fields for the 
same thermal energy yield. Sites with high daily DNI peaks but a largely 
varying DNI (e.g. due to rain sea-sons) would not provide sufficient 
irradiation over the course of a year to produce enough electricity so that a 
project will be economically attractive. 
 
Figure 5-23 shows the distribution of DNI on the Bahamas according to 
National Renewable Energy Laboratories of the USA. A maximum of 
around 1850 kWh/ m2a can be estimated from this data. Meteonorm data for 
Nassau based on ground measurements confirm this finding 
(1890 kWh/m2a; refer to Table 5-19). These values do not meet the required 
benchmark of 2000 kWh/ m2a, so that The Bahamas in general might be 
regarded as not feasible for the application of CSP. 
 
Furthermore, the Meteonorm values show very high amounts of global 
horizontal irradiation in contrast to the rather low direct irradiation. As PV 
benefits from high global horizontal irradiation this suggests that the 
Bahamas are much more suited for PV instead of CSP. 
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Figure 5-23: Direct normal solar irradiation on The Bahamas. Source: NREL. 
 
 

Month
Global 

Horizontal 
Irradiation

Direct Normal 
Irradiation

Air 
Temperature

Relative 
Humidity

[kWh/m2] [kWh/m2] [C] [%]

January 118 129 21,5 72

February 129 138 22,2 73

March 173 168 23,4 71

April 195 182 24,3 69

May 212 184 26 72

June 206 176 28,1 74

July 214 181 28,9 73

August 197 160 28,8 75

September 165 150 28,5 75

October 150 139 26,9 75

November 125 146 24,8 72

December 112 137 22,9 73

Year 1993 1889 25,5 73  
Table 5-19: Climate data for Nassau International Airport. Source: Meteonorm. 
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The effect of wind speed on a CSP plant is twofold: Firstly, high wind 
speeds lead to higher convective losses in the solar field, leading to a 
reduced thermal energy yield. Secondly, the mirrors – especially in 
parabolic trough technology – provide a big surface on which the wind 
applies pressure. Consequently, the stability of the structures and 
foundations is critical here. Standard parabolic trough collectors are able to 
remain in operation for wind velocities up to some 20 m/s. Stability of this 
equipment is usually guaranteed for wind speeds up to 30 m/s. 
 
During the hurricane season, high wind peaks occur in the Bahamas. 
Therefore, equipment with large, vertically oriented surfaces such as 
parabolic troughs will be problematic. Substructures and foundations of 
current industry standard CSP equipment would have to be reinforced 
considerably. This would increase the investment costs. However, as CSP 
technologies consist of tracked and hence moving parts, reinforcement of 
the collector structures is limited. Even in the case of substantially 
reinforced substructures, risks of damage by strong winds cannot be 
mitigated entirely. This is especially problematic for CSP as most 
technologies are not as modular as PV leading to higher losses in case of 
downtime of parts of the solar field. Overall, the situation at the Bahamas 
regarding wind strongly favors PV – especially fixed PV – over CSP. 
 
If dry-cooling is required, high ambient temperatures will decrease the 
power output of the CSP plant. Hence, lower ambient temperatures are 
beneficial for such a project. The yearly average temperature at the 
Bahamas is around 26°C (see Table 5-19). This is about the same as 
southern Spain where currently a lot of CSP projects are being built 
(Seville: 24.9°C; source: Agencia Estatal de Meteorología). Hence, ambient 
temperature can be classified as standard for CSP plants. With the sea as 
available heat sink cooling temperatures will even go below this value. 

5.7.2 Infrastructure requirements 

CSP plants containing a steam turbine (such as parabolic trough, Fresnel 
and today’s central receiver technologies) are only economically feasible 
from a certain installed capacity up-wards. The reason for this is that they 
are not modular as e.g. PV or CSP dish systems, but economics of scale 
apply for this type of installation. Obviously, large plants are the economic 
optimum. Plants of the following sizes are being developed or have been 
developed for different technologies (rough overview): 
 
• Parabolic trough: 50 MW in Spain due to regulatory constraints, 100 and 

up to 250 MW world-wide; 
• Fresnel: 30 MW in Spain, 177 MW in the USA; and 
• Dish Stirling: modular technology of typically between 5 and 50 kW per 

module. SES Solar One and Two which are currently under development 
in the USA shall have a combined total capacity of 800 MW. 
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A grid accommodating a substantial CSP plant has to be quite large for three 
main reasons: Firstly, the fluctuations produced from varying irradiation 
conditions have to be compensated by other power plants. Secondly, CSP 
plants are usually operated as must-run installations and are exempt from 
primary and secondary control. Hence, sufficient capacity to control the 
grid’s frequency needs to be installed. Thirdly, enough electricity demand 
needs to be ensured so that the CSP plant’s generation can be evacuated at 
all times. These requirements can be lowered by using a thermal storage.  
 
In addition proximity of a possible grid connection to a site that is suitable 
for a CSP plant is very beneficial as interconnection costs can be quite high. 
 
A standard-sized CSP plant would require a grid of far more than 100 MW 
capacity in order to fulfill the above mentioned three criteria. As grids on 
The Bahamas are rather small, adverse effects of the CSP plant on the grid 
have to be expected. 

5.7.3 Water requirements 

The mirrors of a CSP plant need to be kept clean in order to ensure a high 
reflectivity of this equipment. For most technologies cleaning of the 
reflectors is associated with considerable water consumption. Therefore, 
access to sufficient water resources is essential for these technologies. Some 
Fresnel technologies e.g. shall be excluded from these considerations as 
they can be cleaned almost without any water consumption. 
 
Furthermore, access to a water source in order to provide wet-cooling is 
obviously beneficial and will increase the efficiency of a CSP plant. This is 
contradictory to the above statement that coastal sites are disadvantageous 
for CSP plants due to lower DNI. In reality, there will be a trade-off 
between a more efficient Rankine cycle and the lower solar irradiation. 
 
The availability of large amounts of water for a CSP plant is something that 
would have to be evaluated in more detail. Generally, at locations where 
drinking water is rather scarce, CSP plants compete with potable water 
consumption and agriculture for water resources. 

5.7.4 Space requirements 

CSP plants covering large areas, e.g. the Nevada Solar One plant occupies 
an area of say 1.6 km2 while having a maximum net power output of 
72 MW. Thus, especially for parabolic trough plants such as the Nevada 
Solar One plant, large areas with a suitable soil structure and preferably only 
very soft slope are required. This holds also true for Fresnel and central 
receiver technologies, albeit to a lesser extent. Dish Stirling systems do not 
require areas as flat as the other technologies. 
 
The Bahamas provide vacant areas that would be large enough for a CSP 
plant. However, the determination of suitable sites is a rather sophisticated 
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task. In order to conclude on this point, a site selection study would have to 
be carried out. 

5.7.5 Conclusion 

Table 5-20 summarizes the main evaluation criteria for assessing the 
feasibility of a site for CSP plants. A comparison between the requirements 
and the prevailing conditions on The Bahamas shows that most factors are 
disadvantageous for the application of CSP. Especially the low direct 
irradiation would make a CSP plant economically inferior to PV plants. 
Further cost increases because of optimized support structures caused by 
high wind loads would further increase the levelised costs of electricity 
generation. Local hurricane risks are very unfavorable for large, vertically 
oriented equipment like CSP technologies. 
 
Beside the meteorological conditions the relatively small sizes of electrical 
grids is a limiting factor for CSP: In order not to have adverse effects on the 
grid, only a rather small plant could be installed leading to an increase of 
specific investment costs. 
 
These factors make CSP severely inferior to PV for an application in the 
Bahamas. 
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Table 5-20: Assessment of the feasibility of CSP on The Bahamas 
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6. Wind Power 
Wind power is a well developed technology which has seen a huge growth 
over the decade. According to the World Wind Energy Association 
(WWEA) a global installed capacity of 121,188 MW was reached by the 
end of 2008 with 27,261 MW added alone in 2008. The added capacity 
equals a growth rate of 29%. Wind power has become an attractive part of 
the energy sector the recent decades. It is clean and due to its modularity 
fast to establish. The output is electricity, which is fed directly into the grid, 
thereby saving fuels in conventional power plants. Depending on the quality 
of the wind resource, wind power can be economical competitive to fossil 
fired power plants. This is why a proper assessment of the wind resource 
including physical measurements of wind speeds and wind directions over a 
period of at least one year is crucial to judge on the feasibility of wind 
power generation at a particular site. 
 
Wind turbines can roughly be divided in the three classes: 
• Megawatt – class, i.e. turbines from 850 kW to 5 MW. They are 

commercially available, present the bulk of wind turbines erected world-
wide, and can provide wind power at costs competitive to fossil fueled 
power plants. 

• Kilowatt– class, i.e. turbines from 25 kW to 750 kW. They were installed 
and are still in operation by large numbers especially in Europe. But only 
few manufacturers remain producing these turbines now. Specific 
investment costs and thus electricity generation costs are substantially 
higher since some cost elements like planning or permission are almost 
the same for kilowatt turbines as for megawatt turbines.  

• Small turbines, from 0.5 kW to 25 kW have seen some renaissance 
recently. They can be installed almost everywhere without long and 
complicated planning procedures. They can easily provide individual 
settlements with power. They can be economical viable when they 
compete with small diesel gen sets or similar, but usually cannot compete 
with large fossil fired power plants. 

 
This report focuses on the MW class turbines since it can make a substantial 
contribution to the required shift from imported fossil fuels to domestic 
renewable energy sources on the country level. However, the wind farm 
development of the MW class requires a large effort from the 
government/authorities/utilities to set up needed regulations. Against this, 
smaller turbines might be easier to integrate particular on those Family 
Island with only small or no power grids. Thus, this chapter includes a brief 
technology review on small wind turbines. 
 
In the following we will review existing wind data to allow a first estimate 
of the potential of wind power on The Bahamas. Further on, the 
vulnerability of wind power plants to hurricanes will be investigated. 
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6.1 Wind resources 

A basic requirement for the use of wind energy is the knowledge of its 
resource, meaning that the wind conditions are extremely important for the 
feasibility of a wind power project. Therefore, this first sub-chapter focuses 
on the wind potential on The Bahamas. 

6.1.1 Review of existing wind data 

The relation between power output and wind speed of a turbine is non 
linear. In fact the power output of a wind turbine is related to the third 
power of the wind speed. This means for example that if the wind speed 
doubling from 4m/s to 8m/s, the power output is increasing by factor eight. 
This leads to the effect that the average wind speed at a given site is not 
sufficient to determine the economic viability of wind turbines. The reason 
for this is that the average is treating each measurement equally, but the 
power output at higher wind speeds is far higher than at lower wind speeds. 
If the wind blows with less than 3-4 m/s, larger wind turbines do not even 
start to turn. Therefore the average wind speed can only provide an 
indication for the economic potential of a site. 
 
Figure 6-1 exemplifies the dependency of the annual energy production 
(AEP) on the mean annual wind speed for a modern turbine with 93m rotor 
diameter. It is remarkable that AEP is three times higher at the best wind 
conditions compared to poorest. Often just 5% more or less wind speed 
decides if a project is feasible or not. Therefore, knowing the wind speed 
accurate is of high importance. 
 

 
Figure 6-1: AEP for a 2.3 MW turbine vs. annual mean wind speed 
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For the Bahamas two sources of “modern high quality wind data” could be 
identified: 
 
• Eleuthera (Governors Harbour) – 17 months 10 min. values recorded 

with “wind industry” standard equipment in 20 + 30 m height above 
ground level. Data are from a research project. The measurements are 
ongoing. 

• Grand Bahama (five sites), eight months “monthly averages” recorded at 
five different locations recorded with “wind industry” standard 
equipment in three heights up to 70m height. Data are provided by 
Emera, part owner of the Grand Bahama Power Company. The 
measurements are ongoing to cover at least a year. 

 
In addition, the WindPRO Software from EMD International allows 
accessing several publically available internet data sources of wind 
measurements. These are typically in “low resolution” as well in time as 
spatial: 
 
• QSCAT – ten year data based on satellite based water surface 

measurements – these are mainly for finding regional variations, but they 
also give a reasonable idea of the wind conditions. 

• NCAR and NARR data from Colorado University. These are model data 
in different resolutions that exist for the entire globe while they are used 
for setting up the weather forecast systems all over the world. These data 
are very useful for analyzing long term variations, but provides also an 
idea about the wind climate – but for sure not accurate enough for wind 
farm development without additional ground measurements. 

• METAR data – measurements from two Bahamian Airports: Nassau 
(New Providence) and Freeport (Grand Bahama). Most recent seven 
years available. 

 
Figure 6-2 shows ten years average wind speeds based on the QSCAT data 
(offshore) and two airports. The QSCAT shows round 6.5 – 7 m/s for 10m 
height. It is our experience that the QSCAT data actually provides a good 
picture for the conditions in around 100m height, and this seems to be 
confirmed here, too. The airport data show 4.2-4.4 m/s in 10m height. But, 
it has to be considered that these measurements have been taken on land 
where the wind is decreased by surface roughness, buildings etc. An 
important finding from this map is that the mean wind seems not to vary 
much in the region. There is no clear trend that the wind speed changes 
going south-north or east-west. These findings indicate that there are very 
similar wind conditions all over The Bahamas. 
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Figure 6-2: QSCAT and airport mean wind speeds for northern Bahamas. 
 
As support for this conclusion the NCAR and NARR data for all three 
available sites reveal about a mean annual wind speed of 6 m/s at 10m 
height (offshore) with basically no geographic variation (Figure 6-3). 
 

 
Figure 6-3: NCAR and NARR data mean wind speeds 
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The wind direction distribution from the six QSCAT locations shows 
similar direction distributions, with mainly eastern wind directions, but also 
with a northwest component (Figure 6-4). 
 

 
Figure 6-4: Wind direction distribution according to the relevant QSCAT data points 
 
The airport data show some different direction distribution, with a major 
north component (Figure 6-5). But this is typically an error, while erroneous 
data normally are set to north (0 degrees). So these data basically show the 
same, prevailing eastern winds. Red displays Freeport, green displays 
Nassau. 
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Figure 6-5: Wind direction distribution from airport measurements 
 
Finally the mode data, NCAR and NARR show similar directions, slightly 
more oriented from south east (Figure 6-6). 
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Figure 6-6: Wind direction distribution according to NCAR/NARR data sources 
 
Before starting to analyze the “real” measurements, it is important to 
evaluate the long term variations in order to see if the shorter measurement 
periods can be considered long term representative. Investigating long term 
trends can be important. But often the data quality going back in time is too 
poor. Figure 6-7 compares ground based measurement data for Freeport 
with NARR and NCAR during the last eight years. Before 2003, the 
Freeport data are not trustworthy. The graph shows some trends, where 
Freeport data do decrease during the last eight years, while NCAR increase. 
The NARR data does not illustrates any trend. This does not necessarily 
mean that the NARR data are more correct than the other sources, but at 
least they represent the central estimate regarding trending. 
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Figure 6-7: Long term trends from different sources, Freeport 
 
Based on several long term analyses we have decided using the most recent 
five years as long term representative for the Grand Bahama analyses. The 
data for 2009 is in this perspective long term representative (Figure 6-8). 
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Figure 6-8: The chosen period for long term correction of the Grand Bahama 

measurements 
 

6.1.2 Analysis of Grand Bahama wind data 

For Grand Bahama access to very good measurements from five masts for 
eight months, May, 2009 - December, 2009, is available. All masts were 
visited in January 2010 and the equipment found of high quality14. Figure 
6-9 shows the locations of the six measurement masts. 

                                                 
14 The measurements are operated by the Canadian company GPCo Inc., 1471, boul. 
Lionel-Boulet, #26, Varennes, QC, J3X 1P7 Canada, Phone: (450) 929-0062 Fax: (450) 
929-1271 
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Figure 6-9: Mast locations on Grand Bahama 
 
To analyze the data a long term correction is performed in a first step. This 
is based on a simple wind speed scaling based on NARR 10m data that 
correct to recent five year average. Subsequently, a wind atlas calculation 
model (WAsP/WindPRO) is set up and calculations of the six spots in the 
highest measurement height for each mast are performed. Before this step, a 
terrain description (roughness and elevation data map) is performed.  
 
Figure 6-10 shows the monthly variations. Most interesting are the three 
values to the right of the graph “Average.09”, “Long term” and 
“Calculated”. The first results of the analyses depicts that only small 
differences between long term and average.09 is seen for the three sources 
with complete 09 data, which is good, while 2009 seem to be reasonable 
long term representative. 
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Figure 6-10: Highest anemometer – Grand Bahama 
 
Figure 6-11 points out the measured and model calculated profiles. Note 
that the 80 m “measurement” is not really measured, but extrapolated based 
on the shear calculated from the two highest measurements, assuming power 



 
 

 
7399P02/FICHT-6472615-v1  6-10 

 

law profile. As seen in Figure 6-11 there is a good reproduction of measured 
profiles with calculated profiles in general. Not so good profile match at 1, 3 
and especially not at 5. 1 and 5 is explained by displacement height (which 
also could explain 3, but this is not done). Thereby, only smaller deviations 
are observed, although, especially for mast “5” Burmah, some deviation can 
be noticed. Reason for this deviation is the location in a forest, which 
distorts the model. The wind flow simply “move up” on top of the forest 
(canopy) and acts like the measurement height was smaller. This is analyzed 
further by comparing the measured and calculated wind profiles. 
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Figure 6-11: Wind profile analyses for the Grand Bahama masts 
 
With introduction of displacement height in measurements and calculations, 
the two profiles get a perfect match (Figure 6-12). 
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Figure 6-12: Adding displacement heights explain deviations at masts located in forest 
 
For mast 4-Port Facility, the deviation in model calculations and 
measurements (which still is small) easily can be explained by the rather 
complex terrain surroundings at this mast, which we have attempt to 
describe accurately since the environment seems to change constantly due to 
the harbor itself as well as related digging activities.  
 
Overall, the terrain model of Grand Bahama and the wind statistic, which is 
based on a mix of NARR data and Governors Harbour data, reproduces the 
long term corrected measurements on Grand Bahama at five different 
locations very well (+ the Freeport measurements). This means that the 
expected wind conditions can be calculated with relative high accuracy at 
any point at any height on the entire island. Moreover, huge land coverage 
by forests will be considered. However, this can change and will then 
require an update of the model – and if turbines are placed in forests, a 
displacement height must be used for these specific locations. 
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Figure 6-13: Turbulences at the measurement masts on Grand Bahama 
 
The turbulence information from the measurement reports do not indicate 
critical turbulence levels. The Burmah site is surronded by a forest and an 
oil tank. The mast itself is a heavy structure telecommunication mast. These 
circumstances explain the high turbulence here. The two masts close to the 
southern coastline (2 & 3) show very low turbulense figures. 
 
Based on the Grand Bahama data, a wind resource map is calculated with a 
250 m grid resolution based on the Wind Atlas Method (WAsP/WindPRO). 
As seen in Figure 6-14, the wind resource vary from 5.4 m/s in 80 m height 
in the middle of the island, where the forest drags the wind speed down to 
7 m/s at the very northwestern tip, where the wind passes free from sea with 
low surface roughness to land without getting dragged down by the higher 
land surface roughness. However, a very exclusive cottage area is located at 
the northwestern tip. Therefore, this part of the island will probably not be 
suitable for wind farm development. Nevertheless, there are plenty of site 
options with round 6.4 m/s for 80 m high turbines, e.g. like along the very 
long south eastern coastline. These findings match with the previous ones 
based on NCAR – NARR data which show round 7 m/s offshore match well 
this map. 
 



 
 

 
7399P02/FICHT-6472615-v1  6-13 

 

 
Figure 6-14: Wind resources map Grand Bahama 
 
For Governors Harbour detailed wind data, 10 minute values for 17 months, 
are available. Measurements are at a hill around 45 m above surface level. 
This is a very unique spot regarding elevation and surface roughness, but 
even though only 5.6 m/s 30m above ground level. 
 

 
Figure 6-15: Measurement location at Governors Harbour 
 
A complete data set exists for 17 months (Table 6-1). The data recovery rate 
is 100% (144 10 min. values each day). 
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Table 6-1: Governors Habour wind measurement data 
 
There are measurements in 2 heights, 20m and 30m. The main statistics are 
shown below. 
 

Signal Unit Count Of period Mean Std dev Min Max Weibull mWeibull A Weibull k 
30,0m ‐ 1 Mean win m/s 74280 100,00% 5,57 0,4 24,5 5,56 6,28 2,1961
30,0m ‐ 1 Wind dire Degrees 74280 100,00% 115 0 356
30,0m ‐ 1 Turbulence intensity 74280 100,00% 0,1526 0,0651 0 1,3333
30,0m ‐ 1 Turbulence intensity 55252 74,40% 0,1449 0,0393 0,0238 0,814
20,0m ‐ 2 Mean win m/s 74280 100,00% 5,11 0,4 23,2 5,15 5,82 2,2283
20,0m ‐ 2 Wind dire Degrees 74280 100,00% 115 0 356
20,0m ‐ 2 Turbulence intensity 74280 100,00% 0,1739 0,0664 0 1,0833
20,0m ‐ 2 Turbulence intensity 49244 66,30% 0,1683 0,0374 0,0408 0,5745  

Table 6-2: Main statistic from Governors Harbour measurements 
 
Figure 6-16 shows the wind profile and wind direction distribution. 
Extrapolation of measurements with WAsP calculation model as well as 
logarithmic profile based on the two measurement heights indicates around 
6 m/s at 50 m height and 6.6 m/s at 80 m height. The red profile shows the 
model prediction at the measurement site. 
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Figure 6-16: Wind profile at Governors Harbour 
 
Data from the illustrated 17 months seems to be long term representative 
(while the red line below are calibrated to 100% over very long time) and 
correlates very well with the NCAR global model data. 
 

 
Figure 6-17: Time variation of wind data converted to wind energy index based on 

Governors Harbor and NCAR model data 
 
The wind direction and speed distribution (left) and wind energy 
distribution (right) based on normalized data from Governors harbor 
measurements. 
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Figure 6-18: Wind speed, frequency and energy distribution as wind statistic (cleaned 

for local terrain effect) 
 
The normalized data that tell the expected wind speeds at different heights 
at different surrounding surface roughness’s for a flat terrain. The roughness 
is not the “spot” roughness, but the roughness the wind passes the last 
20 km before reaching the spot. Last 5 km is most important. At Eleuthera 
an average surface roughness close to 0 will achievable. 
 

Mean wind speed [m/s] 
Roughness class/Length 

Height 0 1 2 3 4 
[m] 0.00 m 0.03 m 0.10 m 0.40 m 1.50 m 
10.0 5.7 4.0 3.5 2.7 1.8 
25.0 6.2 4.8 4.3 3.6 2.7 
50.0 6.6 5.5 5.0 4.3 3.5 
100.0 6.9 6.6 6.0 5.3 4.4 
200.0 7.2 8.2 7.4 6.5 5.6 
Table 6-3: Mean wind speeds vs height and surface roughness for flat terrain based 

on Governors Harbour measurements 
 
In general, the Governors Harbour data show around the same level as 
Grand Bahama – a little higher at the measurement mast location due to the 
hilly location and low surface roughness. But as for Grand Bahama the local 
terrain conditions at a specific wind farm site decides the wind conditions.   
Since Eleuthera is characterized by a very long coast line facing the main 
wind direction from the east, there might be plenty of locations with very 
good low surface roughness on the island. 
 
The turbulence seems to be quite high, but not critical the low measurement 
heights taken into account (Figure 6-19). We have not seen the mast 
location; maybe the local surroundings explain the relative high turbulence. 
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Figure 6-19: Turbulence measured at Governors Harbour 

6.1.3 Recommendations for further wind measurements 

According to the data available the wind conditions do not differ 
substantially among the different islands of The Bahamas. One may expect 
average wind speeds of around 7 m/s on the sea in 80 m height, decreasing 
inland on the islands, depending on how far the wind crosses land before it 
reaches the turbine position, and how high the surface roughness is. This 
can be calculated relative precise with the existing wind models. So, there is 
no need for more wind measurements to cover the overall picture of the 
wind conditions. For small scale wind development, model calculations 
based on the present wind data is judged to hold sufficient accuracy to 
decide on those installations. However, individual measurements are still 
required when large wind farms are planned to acquire sufficiently accurate 
data. It is also recommended to continue ongoing measurements and to 
analyze and validate model calculations further. 

6.1.4 Hurricane review 

A review at the internet provides good information on hurricanes. Some 
samples from this research are presented here. No doubt that Bahamas is a 
region passed by several hurricanes during the years. The tracks show all 
known category five hurricanes (Figure 6-20). 
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Figure 6-20: Hurricane pass visualization from internet 
 
A Category 5 hurricane has sustained winds greater than 135 knots 
(155.4 mph; 250.0 km/h). "Sustained winds" refers to the average wind 
speed observed over one minute at 10 meters (32 ft 9.7 in) above ground, 
which is the standard height wind speed is measured at to avoid interference 
by obstacles and obstructions. Brief gusts in hurricanes are typically up to 
50 percent higher than sustained winds. Because a hurricane is (usually) a 
moving system, the wind field is asymmetric, with the strongest winds on 
the right side (in the Northern Hemisphere), relative to the direction of 
motion. The highest winds given in advisories are those from the right side 
Table 6-4 illustrates a rough statistic, listing all hurricanes and tropical 
storms that had landfall on The Bahamas. In addition Wilma from 2005 is 
mentioned (but not in the list). 
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Category 
5

Category 
4

Category 
3

Category 2 Category 1
Tropical 
Storm 14

Hazel 1954
North 
Carolina

Haiti & 
Bahamas 1

Gracie[FN 1] 1959
South 
Carolina Bahamas 1

Donna 1960
Bahamas 
& Florida

North 
Carolina, 
New York & 
Connecticut 1

Betsy 1965

Bahamas, 
Florida & 
Louisiana 1

David 1979

Dominica
n 
Republic Florida

Dominica, 
Cuba, 
Bahamas & 
Georgia 1

Andrew 1992
Bahamas 
& Florida Bahamas Louisiana 1

Floyd 1999 Bahamas
North 
Carolina

New York & 
Connecticut 1

Michelle 2001 Cuba Bahamas 1

Frances 2004
Bahamas 
(twice)

Bahamas 
(twice) & 
Florida Florida 2

Jeanne 2004 Florida Bahamas
Dominican 
Republic Puerto Rico 1

Noel 2007

Haiti, Cuba, 
Bahamas 
(twice) 2

Ike 2008 Cuba Bahamas Texas Cuba 1

Name Season
Landfall

 
Table 6-4: Selected hurricanes and tropical storms with landfall at Bahamas (the list 

is an extract from a complete list of Atlantic Hurricanes) 
 
Especially at the western part of Grand Bahama, Wilma caused heavy 
damages. This was still visible during the visit in January 2010, where large 
forest areas were destructed due to the hurricane. Hundreds of buildings 
were damaged at Grand Bahama with estimated damage cost of 
approximately 100 million US$. 
 
No doubt, hurricanes are a major risk for wind turbines in The Bahamas. A 
major problem will be who will take the risk. Everything can be insured, but 
what will the cost be? Or can any manufacturer provide hurricane proof 
wind turbines? Turbines can be designed so that they can be easily protected 
by taking the blades off or taking down the turbine when a hurricane is 
expected. Or delivering extra strong constructions, that can survive a 
hurricane – and how much will this cost. 
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6.2 Potential of wind power 

6.2.1 Initial land suitability screening 

Assessing the wind power potential on The Bahamas, in a first step suitable 
areas for wind turbines are identified. The intention is to identify all 
potential suitable areas for the development of wind farms by performing an 
initial land suitability screening. The demand of electricity generated by 
wind turbines on the Bahamas is not considered in this early stage of 
process, which is of importance assessing the structural potential of wind 
power. This will be considered in the next as analyzed in chapter 6.2.2. 
 
For the identification of suitable areas for the development of wind power 
projects an initial spatial analysis with ESRI software ArcGIS 9.2 is 
performed. The spatial analysis is mainly based on the land cover dataset 
provided the client. This land cover data set is based on digitized 
topographical maps dating back to 1968 – 1975. Anticipating that the land 
use has been changing during the last 35 years, the selected sites should be 
verified during discussions with local experts, by comparison with current 
land use datasets (e.g. obtained from satellite imagery analysis), or in the 
field. Additional data sets such as shape files featuring the coastline, main 
road network are integrated into the spatial analysis. Furthermore, based on 
publicly available information (Google Earth, websites of The Bahamas 
National Trust, Birdlife International), additional data sets, e.g. shape files 
featuring airports or important bird areas (IBA), have been created as far as 
possible. Following methodology is used to identify suitable areas for the 
development of wind farms. 
 
Positive list 
The most important criteria for the assessment of suitable sites for the 
development of wind power projects are good wind conditions. Since very 
similar wind conditions are expected all over the Bahamas, it is assumed 
that the total land area of The Bahamas come into consideration for the 
development of wind power projects and no sites are excluded due to low 
wind resources respectively. 
 
Based on the land cover data set provided by the Client, a positive list of 
suitable land cover types is drawn up. Because featuring hardly any conflict 
concerning wind power projects, following provided land cover types are 
selected: 'Casuarinas', 'Coconut Palms', 'Cultivated Land', 'Dry Broadleaf 
Evergreen Formation', 'Mixed Broadleaf Coppice w/ Scattered Pine', 'Pine 
Forest'. 
 
Referring to these land cover types, cultivated land is probably the most 
suitable cover type for the development of wind power projects as wind 
turbines have hardly any impact on these areas. The construction and 
operation of wind turbines on cultivated land do almost not reduce the 
capability of the natural environment and the quality of the local landscape. 
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During the initial land suitability screening, forests are considered as 
suitable sites the development of wind power projects. One of the greatest 
advantages of constructing wind turbines in forests is that this environment 
screens off sound, shade and visual impressions. Nevertheless, only those 
forest areas should be considered where a high proportion of woodland and 
the ecological significance of the forest justify the building of wind power 
stations. However, this discussion cannot be included in the initial land 
screening due to lack of data. Moreover, forests are sparsely populated and 
located off settlement areas. 
 
Since casuarinas should be removed and eradicated form the Bahamas, these 
land cover type could be suitable for wind power projects. Nevertheless, 
these areas should only be considered if coastal protection projects are not 
conflicted. 
 
Exclusion criteria 
Subsequently, all sites where wind turbines either cannot or should not be 
installed are eliminated from the previously defined suitable land cover 
types. Factors that eliminate a site from the positive list include: 
 
• National Parks managed by the Bahamas National Trust 
• Important Bird Areas (IBA) 
• Distance space of 500 m to settlements 
• Distance space of 50 m to the coast line 
• Distance space of 1,500 m to airports 
 
Shortcomings 
Shortcomings in performing the spatial analysis are the lack of data 
generally and the lack of updated data. Moreover, obtained data have 
incorrect geocodings. Therefore, the main road network of the Bahamas 
could not be considered in the spatial analysis for identifying suitable areas 
for wind power. On the one hand the integration of the road network is 
important for access and transportation of major and heavy parts of wind 
turbines; on the other hand roads need to be eliminated from the selected 
suitable areas since constructions are restricted within a certain distance to 
roads. 
 
Moreover, no data is available on tourism and recreational areas. As these 
areas are sensitive to wind power projects, integration in the initial land 
screening process would make sense. 
 
Due the unavailability of data, private islands are not considered, too. 
Access to land might not be possible there. 
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Island /  
Land cover type 
[ha] 

Casuarin
as 

Coconut 
Palms 

Cultivated 
Land 

Dry 
Broadleaf 
Evergreen 
Formation 

Mixed 
Broadleaf 
Coppice with 
Scattered Pine 

Pine 
Forest 

Total 
[ha] 

Abaco 28 3 8,833 15,492 529 43,492 68,376 
Acklins/ Crooked 
Island 

   47,730   47,730 

Andros 105 28 743 158,606 34,419 55,239 249,140 
Berry Islands  8  1,270   1,279 
Bimini Islands 0.1 3  292   295 
Cat Island  11  23,715   23,727 
Eleuthera 66 26 872 23,794  6 24,763 
Exuma Cays  31 79 11,641 12  11,763 
Grand Bahama   176 7,374 404 53,521 61,475 
Inagua       0 
Long Island  1  19,189   19,191 
Mayaguana    20,752   20,752 
New Providence 11  295 583 97 2,589 3,575 
Ragged Island    1,333   1,333 
Rum Cay    5,890   5,890 
San Salvador    6,691   6,691 
Total 210 10 10,999 344,353 35,459 154,847 545,978 

Table 6-5: Suitable sites for wind farms 
 
Table 5-16 depicts the identified suitable land areas on Bahamas. Particular 
noticeable is that 45% of the Bahamas land area is suitable for the 
development of wind power projects. However, that will not be the case, as 
there is no intention to propose such developments which plaster half of the 
Bahamas with wind turbines. The next sub-chapter will reveal that only a 
small portion of land will be needed to cover the total power demand of The 
Bahamas. 
 
The analysis also reveals that on every island, excluding Inagua, suitable 
land is available for wind power projects. Even on New Providence, which 
is the most densely populated island of The Bahamas, about 16% of the land 
area would be available for wind power projects. 
 
The construction of wind turbines on Inagua is not recommended due to the 
spacious Inagua National Park and an important bird area. 
 
The results of the initial land suitability screening are visualized in Annex C. 

6.2.2 Potential of wind power 

Based on the identified suitable land for wind turbines, the potential of wind 
power on The Bahamas is estimated. 
 
The maximum density of installed wind power per area depends on a lot of 
factors including the land profile, accessibility, and wind condition. For the 
purpose of calculating the technical potential of wind power, a capacity of 
10 MW per hectare and a nominal generation of 1,500 MWh/MW/y are 
assumed. With reference to the identified suitable land for wind turbines, a 
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total technical potential of almost 55 GW capacity and an annual yield of 
nearly 82 TWh/a are calculated (see Table 6-6). This is actually more than 
the installed wind power capacity in Germany and the more 27fold of the 
annual Bahamas power demand in 2020. 
 
 

  Technical potential 
  Area Capacity Annual yield 
  hectares MW MWh/a 
Abaco 68,376 6,838 10,256.433
Acklins/Crooked Island 47,730 4,773 7,159.466
Andros 249,140 24,914 37,370.985
Berry Islands 1,279 128 191,775
Bimini 295 29 44,196
Cat Island 23,727 2,373 3,558,998
Eleuthera 24,763 2,476 3,714,521
Exuma 11,763 1,176 1,764,432
Grand Bahama 61,475 6,147 9,221,219
Inagua 0 0 0
Long Island 19,191 1,919 2,878,590
Mayaguana 20,752 2,075 3,112,835
New Providence 3,575 358 536,285
Ragged Island 1,333 133 199,875
Rum Cay 5,890 589 883,523
San Salvador 6,691 669 1,003,649

Total 545,979 54,598 81,896,778

Table 6-6: Technical potential of wind power 
 
The analysis of the technical potential reveals that the annual yield on all 
islands, excluding New Providence and Inagua, would be higher than the 
respective power demand in 2020. 
 
Thus, the structural potential which considers also the ability of the grid to 
absorb the generation is restricted by the present and future peak demand 
and will be considered in the following. 
 
In case the entire structural potential would be exploited, there is a risk that 
not all power generated by wind turbines can be actually absorbed by the 
demand. This is because load patters and wind power generation pattern are 
not necessarily congruent. A more exact analysis would therefore require 
typical load curves of every power grid. Since the capacity factor of wind 
turbines is lower than the load factor of the fossil power plants presently 
installed on The Bahamas, the structural potential alone would be not 
sufficient to cover the entire power demand. However, load shaping and 
power storage would allow for accommodating more wind power capacity 
and thus also larger shares of wind power generation. Table 6-7 highlights 
the structural potential of wind power on The Bahamas. 
 
 



 
 

 
7399P02/FICHT-6472615-v1  6-24 

 

  Structural potential 
  2010 2020 
  Capacity Annual yield Capacity Annual yield 
  MW MWh/a MW MWh/a 
Abaco 22.35 33,525 30.48 45,720 
Acklins/Crooked 0.75 1,125 1.04 1,560 
Andros 5.28 7,920 7.32 10,980 
Berry  0 0 0 0 
Bimini 4.67 7,005 6.47 9,705 
Cat 1.50 2,250 2.09 3,135 
Eleuthera 10.77 16,155 13.96 20,940 
Exuma 7.97 11,955 10.67 16,005 
Grand Bahama 103.81 155,715 144.03 216,045 
Inagua 0 0 0 0 
Long 3.36 5,040 4.66 6,990 
Mayaguana 0.22 330 0.31 465 
New Providence 234.49 351,735 315.20 472,800 
Ragged 0.25 375 0.35 525 
Rum Cay 0.8 270 0.24 360 
San Salvador 2.24 3,360 3.11 4,665 

Total 397.84 596,760 539,93 809,895 
Table 6-7: Structural potential of wind power on The Bahamas. 
 
It is worthwhile to point out that the installation of wind power turbines on 
only 1.65% of the land area would cover the total power demand of the 
Bahamas. 
 
Based on a minimum project size of 10 MW to make a project feasible (due 
to needed service organization, maintenance team, administration etc.), the 
main result of the assessment of the wind power potential is that only on 
New Providence and Grand Bahama MW class projects seem to be feasible 
at the moment. With increased demand or comprehensive adaption of wind 
power to the consume system, also Abaco and Eleuthera might be 
candidates for MW class wind project. This preliminary result obviously 
changes when islands will get interconnected. Then, for instance, Eleuthera 
could host wind power plants which are providing power to New 
Providence. 
 
Based on the presented results, the following sub-chapter will focus on pre-
feasibility studies of wind power plants on Grand Bahama and New 
Providence. 

6.3 Pre-feasibility studies for wind farms 

On Grand Bahama and New Providence prefeasibility studies for wind 
power plants were conducted. 
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6.3.1 Grand Bahama 

Our previous analysis indicates that Grand Bahama is very well feasible for 
hosting a multi megawatt wind farm. Particularly, the power demand is 
sufficient for accommodating 50 to 70 MW of capacity. Further, abundant 
suitable lands are available. We conduct a pre-feasibility study for two 
potential sites on Grand Bahama to illustrate challenges and prospects of 
wind power. The sites chosen are not the only feasible sites but they were 
found to have preferable conditions for multi megawatt wind farms. We 
have not conducted a systematic search on all potential sites so other 
potential sites on the island may feature similar or even better conditions 
than the two sites chosen. A number of practical aspects need to be 
considered with the following of particular importance for MW class 
turbines: 
 
• Harbor facilities to receive turbines 
• Trucks and road conditions for transport to the site 
• Crane capabilities to erect turbines 
• Power grid to connect and absorb power generation 
 
We did not investigate these aspects in details. However, our site visit at 
Grand Bahama gave us the impression that none of these aspects create 
insurmountable obstacles for the deployment of wind energy. This is 
because road infrastructure seems to be very well developed and quite some 
heavy industry already established which rely on similar requirements as 
mentioned above. 
 
In the following we will first chose a feasible turbine type and than present 
the aspects of the sites will be chosen. 

6.3.1.1 Turbine selection 

For the pre feasibility study, we choose the 850 kW V52 turbine from 
Vestas. This turbine is known for being currently the most robust on the 
market. This is of particular importance on The Bahamas since wind 
turbines may face hurricanes and severe tropical storms. On Jamaica, very 
similar turbines - the NEG Micon NM52/900 which are not any longer 
manufactured - have resisted a major hurricane with only little damage. The 
damage to the equipment was not severe but did require some repair 
including the repairs of the transmission line.15  
 
At the same time this type of turbine has a size that still can be handled 
without very large cranes etc. see Table 6-8. This turbine is certainly not the 
most cost efficient at the market, but is still often chosen in remote locations 
due to the flexibility and reliability. Around 3500 V52 turbines are in 
operation worldwide. 

                                                 
15 For further information see: http://www.gtz.de/de/dokumente/en-dialog-jamaica-
jackson.pdf 
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Weight 
Nacelle: 22 t 
Rotor 10 t 

 

 
Towers:  
Hub height IEC IA IEC IIA DIBt II DIBt III 
44 m 45 t - - - 
49 m 50 t - - 50 t 
55 m 60 t 60 t - - 
65 m 75 5 - - 75 t 
74 m - - 95 t - 

Table 6-8: Using a 49m tower maximum lift is limited to 50 ton – the tower can be 
installed in sections, further decreasing the demands to crane capacity 

 
The columns refer to load classes, where IEC IA mean class I turbulence 
category A (from the IEC61400-1 norm) – this is the strongest standard 
turbine class and would be recommended for a hurricane risk site. The 
DIBT load classes are specific German variants of the IEC classes. 
 
It’s a standard 3 bladed construction with pitch regulation. The gearbox 
increases the rotor speed from 26 rpm (nominal) to the rpm required by the 
generator (around 1000 rpm). The gearbox has one planetary stage, two 
helical stages. The generator output is 690 Volt. There are typically 1-4 
turbines connected to a local transformer delivering the power to the grid at 
5-30 kV depending on the local voltage level. 
 
Basically, it is important to know that modern turbines are connected to a 
grid, where the grid decides voltage and frequency; the turbines just feed in 
power. But the modern turbines like the V52 have an advanced controller, 
which can add reactive power on demand, meaning it improves the grid 
stability by acting as an intelligent phase compensation unit. It is also 
possible to give the wind farm a power “set point”, e.g. set the max wind 
farm power to 20 MW for a period with low consumption. Then the control 
unit simple pitches the blades on the individual turbines to keep down the 
rated power. But the wind farm can never guarantee a minimum power 
delivery, the wind decides this. 
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Figure 6-21: The V52 construction 
 
It should also be mentioned that the V52 has a “sister” the G52 from 
Gamesa in Spain with almost the same turbine construction. This turbine 
would be also available with a 58m rotor for low wind sites increasing 
potentially the yield on The Bahamas. However, longer blades decreases 
resistance against high wind loads so that they might no resist hurricanes in 
the same manner as the V52/G52. 
 



 
 

 
7399P02/FICHT-6472615-v1  6-28 

 

Another interesting choice could be the Vergnet 1 MW turbine. This turbine 
is easy to erect without large cranes and can similar be taken down without 
crane. This would allow a better protection when hurricanes are expected. 
However, we could not gather any experience with this type so far. Turbines 
larger than one Megawatt could increase cost efficiency, but would also 
give higher demands for local expertise and higher risks at hurricanes as 
well as the larger turbines typically will be more sensitive (less robist). 
Finally, it must be mentioned that the turbine selection only is for giving an 
illustration of the feasibility – more detailed study on turbine selection 
should be performed in a feasibility study. 

6.3.1.2 Wind farm design  

The two sites chosen are on the western part of the island (Figure 6-22). 
Here, infrastructure is particularly well developed. Further, the load centers 
and the fossil fired power plant are situated in this part of the island, so that 
the enforcement of the grid is minimized. Site A on the south coast allows 
one long row of wind turbines, whereas Site B on the north coast can 
accommodate a square shaped wind farm consisting of several rows of wind 
turbines. 
 

 
Figure 6-22: Location of wind farm proposals 
 
Site A: Grand Bahama South Coast 

The main reason for selection of this site is the wind condition. All turbines 
can be installed very close to the sea in the main wind direction. 
Additionally, the surface roughness for the incoming wind is as low as 
possible. There might be some forest north of the row of turbines, but only 
by cleaning a few hundred meters, this will not affect the wind conditions 
negative when wind comes from the sea. Another reason can be good 
accessibility due to island’s main road passing close by. By looking on 
maps, it seems to be a location where none or very few people are living. 
Finally, the distance to the consumption areas is relatively small, so grid 
connection should not be too expensive. 
 
For the calculation of potential yield we have designed a 34 MW wind farm 
with 40 wind turbines, type Vestas V52 with 49m hub height, following the 
south coast of Grand Bahama. The site can be extended so that further wind 
turbines and thus capacity can be added. 
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An annual yield of 53 GWh/yr is expected based on the expected long term 
wind conditions. This result already considers wake losses which amount to 
9%. Additional losses, mainly availability and grid losses, can be expected 
to round 7% leading to an expected net production of 49 GWh/year. This 
corresponds to a net capacity factor of 16.5%. The production roughly 
corresponds to 10% of the present annual electricity consumption of Grand 
Bahama. With this quantity no problems with grid connection or grid 
stability are expected. However, this should be subject to further 
investigation in the course of a detailed feasibility study. 
 

 
 
 
 
 
 
 
Figure 6-23: Basic finding from simulation calculations for Grand Bahama Site A. 
 
The cost of the turbines is based on most recent experience. A V52 will cost 
slightly above 800 k€ (1.1 million US$) for very large projects including 
installation. 16 For this more remote location we add 10% of investment 
costs to reflect higher costs for transport and potentially commissioning is 
added as expected costs, partly due to transport. This is a rough proxy which 
needs to be confirmed in a feasibility study. 
 
The O&M costs has been set to 25€/kW (37US$/kW) or 1.7 €c/kWh (2.5 
US$c) per year. This is somewhat higher than Danish or German 
experiences indicate, where the typical long term O&M costs are 1.2 
€c/kWh (1.8 €c/kWh). We have chosen the higher value to reflect the 

                                                 
16 Many manufacturers of wind power plants are situated in the Eurozone, so the exchange 
rate has an important impact on the economics of wind power in the Dollar Zone. We used 
an exchange rate of 1.43 US$/€. However, the exchange rate has been fluctuating 
substantially recently.  
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location remote from other spots of wind power use so that spare part supply 
etc is expected to be more costly than in Europe with its high density of 
wind power use. Further, the higher O&M value shall also reflect higher 
costs due to the hurricane risks. Insurance rates are expected to be higher, 
for this reason as well as damages due to high winds might occur more often 
than in other regions. To quantify the exact cost of the hurricane risk a 
separate study is recommended. Experiences from Jamaica might be 
indicative for this purpose. Also insurance companies might be well 
endowed to assess these costs in more detail. 
 
Noise is an environmental impact to consider. Normally 45 dBA is 
considered maximum allowed close to settlements. In some countries the 
limit is even 40 dBA. 
 

 
Figure 6-24: Noise map for the Grand Bahama Site A layout 
 
From the noise map, there seem not to be problems regarding settlements 
within the noise influenced area, but this must be investigated further. 
 
The following photomontages visualize Site A wind farm on the south coast 
of Grand Bahama. There seem to be some houses close to the wind farm in 
western part, which might require a shifting of the wind farm eastward. 
However, there should be enough space available for a proper siting. Also in 
the eastern part of the proposed wind farm seem to some houses. It is 
informed that this location was used for recording parts of the movie 
"Pirates of the Caribbean". 
 
It has also to be considered that an Important Bird Area (IBA) is located 
along the south coast of Grand Bahama. Therefore, an early coordination 
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with the competent nature conservation authority is recommended if this 
wind farm proposal should be realized. 
 

 
Figure 6-25: Photomontage of the western part of Grand Bahama Site A 
 

 
Figure 6-26: Photomontage of the eastern part of Grand Bahama Site A 
 
Site B: Island near Port 

This site was pointed out by the local utility representative as a site that is 
discussed locally as possible wind farm site. The main reason is the 
availability of land for a wind farm. A forest at this location was destroyed 
previously by a hurricane. Furthermore, the site is located close to a power 
plant and to the port. 
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The size of this project is 8 x 8 turbines with in row spacing of 6.3 Rotor 
diameters and between rows 11.3 Rotor diameters. The layout and the AEP 
calculation result is seen below. 
 
A 54.4 MW wind farm is considered with an expected production of 
approximately 70 GWh/y, corresponding roughly to 15% of present 
electricity consumption at Grand Bahama. 
 

 
Figure 6-27: Basic finding from simulation calculations for Grand Bahama Site B. 
 
Due to higher surface roughness the expected wind speed is lower compared 
to Grand Bahama Site A, even though we have foreseen a higher hub height. 
 



 
 

 
7399P02/FICHT-6472615-v1  6-33 

 

 
Figure 6-28: Noise map for the Grand Bahama Site B layout 
 
From the noise map, there might be noise issues at Queens Cove, which as 
far as we know is an area planned for urbanization. But it will only require 
smaller reductions in the urbanization area or reductions in the wind farm 
area to fulfill noise regulations. Other possible environment issues will 
mainly be the visual impact. Impact on birds could be an issue that will 
require a special investigation. 
 
The following photomontages visualize Site B wind farm on Grand 
Bahama. 
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Figure 6-29: Photomontage of Grand Bahama Site B from the bridge at Queens Hwy 
 

 
Figure 6-30: Photomontage of Grand Bahama Site B from Queens Hwy at the Port 

facility 
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Figure 6-31: Google Earth visualization of Grand Bahama Site B 
 
Figure 6-31 shows that there is a need for fine tuning of the layout due to 
the water canals etc. Nevertheless, the site seems suitable for a project round 
50-60 MW. 
 

6.3.2 New Providence 

It is difficult to find space for wind farms at New Providence due to the 
dense population. Two possible sites chosen are south of airport on the 
middle of the island and in the shallow waters south of the island (cp. Figure 
6-32.) It must be emphasized that there may occur several problems 
realizing each of the proposed wind farms. More comprehensive studies are 
required.  
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Figure 6-32: Possible wind farm sites on New Providence 
 
Site A, South of Airport 

The main reason for selection of this site is that this seems to be the only 
location where a wind farm of a reasonable size can be established on the 
island. Distances to settlements as well as to Airport can be problematic and 
is not investigated in details. 
 
For the calculation of potential yield we have designed a 45 MW wind farm 
with 30 wind turbines, type GE 1.5sle (1,500kW) with 77m rotor diameter 
and 70 m calculation hub height. The real hub height might be required 80m 
while the much forest in the region will lift the wind profile round 10m up. 
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Figure 6-33: Park curve analysis 
 
An annual yield of 53 GWh/yr is expected based on the expected long term 
wind conditions. This result already considers wake losses which amount to 
21%. Additional losses, mainly availability and grid losses can be expected 
to round 7% leading to an expected net production of 49 GWh/year. This 
corresponds to a net capacity factor of 12.5%. 
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Figure 6-34: Basic finding from simulation calculations for Site A, south of Airport 
 
The cost of the turbines is based on most recent experience. A GE 1.5sle 
will cost approximately 1.7 mil. € for very large projects/European projects 
including installation. For this more remote location we add 10% of 
investment costs to reflect higher costs for transport and potentially 
commissioning is added as expected costs, partly due to transport. This is a 
rough proxy which needs to be confirmed in a feasibility study. 
 
The O&M costs has been set to 29€/kW (43US$) or 2.6 €c/kWh (3.9 US$c) 
per year. This is somewhat higher than Danish or German experiences 
indicate, where the typical long term O&M costs are 1.2 €c/kWh. We have 
chosen the higher value to reflect the location remote from other spots of 
wind power use so that spare part supply etc is expected to be more costly 
than in Europe with its high density of wind power use. Further, the higher 
O&M value shall also reflect higher costs due to the hurricane risks. 
Insurance rates are expected to be higher, for this reason as well as damages 
due to high winds might occur more often than in other regions. To quantify 
the exact cost of the cost of the Hurricane risk a separate study is 
recommended. Experiences from Jamaica might be indicative for this 
purpose. Also insurance companies might be well endowed to assess these 
costs in more detail. 
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Figure 6-35: Visualization of Site A 
 
Site B, South of New Providence (near-shore) 

This site needs more investigations. The water seems quite shallow, and this 
might open for constructions less expensive than “real offshore” projects. 
Eg. by making dikes to put the turbines on and to access those from. There 
are very few examples on such projects, one is in Denmark, see photo 
below. 

 
Figure 6-36: The Roenland wind turbines on shallow waters. See photos from construction 

(http://www.roenland.dk/ menu “Galleri”) 
 

http://www.roenland.dk/�
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For the calculation of potential yield we have designed a 96 MW wind farm 
with 64 wind turbines, type GE 1.5sle (1,500kW). 
 

 
Figure 6-37: A 96 MW wind farm with expected production of round 200 GWh/y 
 
Due to much lower surface roughness the expected wind speed are higher 
than at previous site. 
 
 

 
Figure 6-38: Visualization of Site B 

 

6.3.3 Summary pre-feasibility studies 

Table 6-9 summarizes the input data for the prefeasibility studies.  
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Wind farm project Unit Grand Bahama New Providence 
    South  Near Port South of Near Shore
    Coast  Airport  
Total power MW 34 54.4 45 96 
Mean wind speed in hub height m/s 5.8 5.6 5.5 6.6 
Number of WTGs # 40 64 30 64 
Turbine size MW m 0.85 0.85 1.5 1.5 
Turbine size rotor diameter m 52.0 52.0 77.0 77.0 
Turbine size hub height m 49.0 55.0 80.0 70.0 
Turbine total height m 75.0 81.0 118.5 108.5 
            
Expected production, Net            
per WTG MWh/y 1,233 1,089 1,644 3,133 
Windfarm MWh/y 49,325 69,680 49,306 200,531 
            
Total Costs            
per WTG 1000 $ 1,597 1,571 3,229 5,014 
Windfarm mill $ 63.9 100.6 96.9 321.0 
per kWh $/kWh 1,880 1,849 2,153 3,343 

Table 6-9: Cost and performance data of investigated wind power projects 
 
The levelised electricity costs were calculated based on a plant lifetime of 
20 years. Annual operation and maintenance costs amounts to 2.4% of the 
investment costs in the first year of operation. The O&M costs are escalated 
with 2% per year in the subsequent years. 
 

Capacity Weighted Average Cost of 
Capital (WACC) ct/kWh 

MW 9% 12% 
Grand Bahama South Coast 34 15.1 17.8 
Grand Bahama Near Port 54 16.8 19.8 
New Providence South of Airport 45 26.7 31.4 
New Providence Near Shore 96 13.9 16.3 

Table 6-10:  Levelised electricity generating costs (LEC) of wind power projects 
 
If no capacity credit is granted than wind power plants solely avoids 
variable costs of power generation. At an oil price of BSD 70/bbl, BSD 
100/bbl avoided variable costs are ct 16.2/kWh, ct 22.6/kWh respectively 
for New Providence. We assume similar data for Grand Bahama. At 
BSD 70/bbl only the Near Shore project is almost economical viable. At 
BSD 100/bbl all projects besides the Airport project are economic viable. 
Even though the investment cost is assumed 55% higher for the near shore 
project than for the Airport project, the generation costs ends up to be 50% 
lower. This just illustrates how important the wind speed and thereby the 
surrounding roughness is. However, the Near Shore project involves more 
uncertainties than the onshore projects. Further investigations are needed to 
confirm the low costs. To a start mapping the water depths, for evaluation of 
if it is an option to create dikes – and the costs related to this. Also the 
environmental impact has to be investigated. Finally the wind conditions 
need to be investigated in more detail. One may consider starting with only 
a small tranche of some 20 MW in a first step to gain more experience. This 
is also because almost 100 MW of wind power will be ambitious to be 
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accommodated in the current grid. The project option south of the airport is 
not viable due to low wind speed and the closeness to the airport. Both sites 
on Grand Bahama seem to be suitable for wind power generation. 

6.4 Initial environmental examination of wind power 

The possible location of wind energy projects, e.g. wind farms or single 
wind turbines will create environmental impacts during construction and 
during operation. In the following a first initial examination of the impacts 
during construction and operation are given without considering any 
specific location. 
 
Environmental impacts resulting from wind energy are restricted to the 
immediate vicinity normally. Considering this, the environmental impacts of 
wind turbines are normally site specific and thus strongly dependent on the 
location selected for the wind farm installation. 

6.4.1 Construction phase 

Construction activities will take place for a few months which means that all 
construction activities are limited and not permanent. 
Construction work mainly includes the following activities: 
 
• Ground clearing (removal of vegetation cover) 
• Transportation of materials 
• Excavation and filling 
• Transportation of supply materials and fuels 
• Construction of foundations 
• Installation of equipments 
• Operation of cranes for unloading equipments 
 
Environmental issues associated with these construction activities may 
include, noise and vibration, gaseous emission from on-site diesel 
generators and mobile equipment, soil erosion and partial soil compaction, 
and a loss of wildlife habitat. 
 
However due to short construction period, small amount of trucking and 
equipment needed, and appropriate mitigation measures, such as covering 
and storing of all waste materials to minimize dust emission, little impact is 
expected generally during the construction phase of wind power project. 
 
Nevertheless, a baseline investigation should be conducted prior to 
construction in order to avoid that construction activities will affect 
particular sensitive ecological habitats that may suffer from construction 
works. 
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6.4.2 Operation phase 

According to the Health and Safety Guideline for Wind Energy of World 
Bank & IFC (2007), the environmental issues specific to the operation of 
wind energy projects and facilities turbines include the following:  
 
• Visual impacts 
• Noise 
• Birds and bats mortality or injury and disturbance 
• Light and illumination issues 
• Shadow flicker and blade glint 
• Habitat alteration 
 
Visual Impacts 
Among all possible environmental impacts of wind turbines, the visual 
impacts are most difficult to assess. Depending on the location, a single 
wind turbine or wind farm may have an impact on visual resources. Visual 
impacts associated with wind energy projects are typically concerned with 
the turbines (size, height, number, material and color) and the impacts are 
related to their interaction with the character of the surrounding landscape. 
Especially the development of onshore and near-shore wind farms could 
change the visual perception on Bahamas’ coast lines and flat landscape, 
where wind turbines are highly visible. In such an environment wind farms 
could have certain significance. 
 
A visualization considering the height of the wind turbine, the turbine 
blades dimension and the color of the objects will allow a better evaluation 
about the extent of the visual impact regarding sensitive visual receptors. 
Nevertheless, being visible is not necessarily the same as being intrusive, 
which is, anyway, highly subjective. 
 
A proper site selection can help to avoid or mitigate aesthetic impacts to the 
landscape. One strategy being used to partially offset visual impacts is to 
site a low number of today's larger and more efficient models of wind 
turbines than to site many smaller wind turbines. 
 
Noise 
Wind turbines are producing noise while operating, which may potentially 
affect both humans and animals. In contrast to visual impacts, noise can be 
measured and predicted rather easily. 
 
The noise is generated from mechanical and aerodynamic sources. The 
mechanical noise is generated by machinery in the nacelle and has been 
significantly reduced through good insulation materials in the nacelle in 
modern wind turbines. 
 
The main noise source of wind power plant is the aerodynamic noise that 
emanates from the movement of air around the turbine blades and tower. 
The types of aerodynamic noise may include low frequency, impulsive low 
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frequency, tonal and continuous broadband.  In addition, the amount of 
noise may rise with increasing rotation speed of the turbine blades. 
According to the World Bank Group17 measures to prevent and control 
aerodynamic noise are mainly related to engineering design standards. For 
example, broadband noise is generated by air turbulence behind the blades 
and increases with increasing blade rotational speed. This noise may be 
controlled through the use of variable speed turbines or pitched blades to 
lower the rotational speed in higher winds. 
 
The noise within or around a wind farm can vary considerably depending on 
a number of factors including the layout of the wind farm, the particular 
model of turbines installed, the topography or shape of the landscape, the 
wind speed and wind direction, and the background noise18. The factors 
with the most influence on noise propagation are the distance between the 
observer and the source and the type of noise source. 
Though, the noise of wind turbines reaches its maximum level only at high 
wind speeds, i.e. sporadic. Also, the acoustic emission of the wind turbine 
does not appear isolated, but with other wind-induced background noise at 
the same time. Especially at high wind speeds it can be observed that the 
background noise is higher than the noise propagation of a wind turbine and 
thus overlays the noise of a wind turbine. This effect mitigates the 
perceptibility and the disturbance intensity of noise caused by wind turbines. 
 
Birds and bats mortality or injury and disturbance 
The main potential hazards to birds and bats from wind farms are 
disturbance leading to displacement or exclusion and collision mortality. 
Potential indirect impacts to birds may include changes on quantity and type 
of prey species resulting from habitat modification at the wind project site 
and changes in the type and number of perching and nesting sites due to 
either natural habitat modification or the use of wind turbines by birds19. 
The impact to birds and bats depends on the scale of the project and other 
factors including technology considerations (tower dimension and turbine 
design). 
 
Although there is a high degree of agreement among experts that wind 
farms may have negative impacts on bird populations, a study on impacts on 
biodiversity of exploitation of renewable energy sources revealed that no 
statistically significant evidence of negative impacts on populations of 
breeding birds could be found20. The evaluation is based on 127 single 
studies (wind farms) in ten countries, most of them in Germany. 
 
Nonetheless, due to potential hazards and impacts to birds and bats, wind 
power projects should not be realized in important areas for the avifauna. As 
already described in Chapter 6.2.1, e.g. the construction of wind turbines on 
Inagua is not recommended due to the spacious Inagua National Park and an 

                                                 
17 World Bank Group. 2007, p. 3 
18 European Wind Energy Association (EWEA) 
19 World Bank Group. 2007, p. 3 
20 NABU. 2004 
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important bird area. Besides the selection of the right site for wind farms, 
the above cited study gives some methods to reduce the negative impacts of 
wind energy on birds and bats: 
 
• configuration of turbines within wind farms (placement of turbines 

parallel to and not across the main migration or flight directions of birds); 
• construction of wind turbines: replacement of lattice towers, wire-cables 

and overhead power lines; 
• measures to increase the visibility of wind turbines, visibility of rotor 

blades. 
 
Shadow flicker and blade glint 
Like other tall constructions wind power plants cast shadows when the sun 
passes behind the wind turbine. As the rotor blades rotate, shadows pass 
over the same point causing an effect termed shadow flicker. Shadow flicker 
may become a concern when residences are located near, or have a specific 
orientation to, the wind farm; however this depends from the distance 
between the receptors and the wind mills. Although only of short duration 
due to the location in the tropical zone, shadow flicker should be subject of 
an accurate site selection where this effect should be taken into account. 
Any flicker phenomenon can be easily studied and predicted by available 
modeling software and mitigated through an appropriate wind farm siting 
and design.  
 
Similar to shadow flicker, blade or tower glint occurs when the sun strikes a 
rotor blade or the tower at a particular orientation. This can impact a 
community, as the reflection of sunlight off the rotor blade may be angled 
toward nearby residences. Blade glint is a temporary phenomenon for new 
turbines only, and typically disappears when blades have been soiled after a 
few months of operation. Any glint can be mitigated by surface treatment of 
blades with non-reflective coating to avoid reflections from towers. 
 
Habitat alteration 
According to the Environmental, Health, and Safety Guidelines – Wind 
Energy of the World Bank Group, the potential for alteration of terrestrial 
habitat associated with the construction and operation of onshore wind 
turbines is limited given the relatively small individual footprints of these 
facilities. 

6.5 Technology overview small wind turbines 

A further approach to apply wind power would be the application of micro 
wind turbines. These are particular appropriate to supply individual houses 
and small islands with only low power demands. These smallest wind 
turbines are available in a capacity range from a few watts up to some ten 
kilowatts. To provide interruption-free power supply battery storage can be 
linked to the system. Micro wind turbines are also favorable to be installed 
in a combined system with photovoltaic panels. Combined with a diesel 
generator they will be operated in fuel saver mode. 
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Figure 6-39: Sample for a 1 kW micro wind turbine 

(Source: Zephyr) 
 
As a sample for a used micro wind turbine the key data of the model 
Southwest Wind Air-X is given below: 
 

Type:    Southwest Wind Air-X 
Rated capacity:  160 W 
Yearly energy production: 470 kWh/a (@ 5.5 m/s) 
Weight (without stand): 6 kg 
Price:    800 USD 

 
Installation on the spot possible with local labor force 
The installation does not require special equipment or machinery. Same 
applies for the electrical connection. Since no special qualification is needed 
to connect the generator to the charging electronic and/or inverter, it can be 
expected that these works can be executed by local forces after some 
instructions. Due to the simple design, they can be also operated and 
maintained locally. 
 
Resistance against theft 
The advantages of micro wind turbines in terms of installation without 
heavy construction equipment become a disadvantage when considering 
theft. Due to their relative small size, most micro wind turbines can easily 
be dismantled and transported. This also brings along a higher risk of theft 
 
Cost of electricity 
Small wind turbines have higher specific investment costs than large wind 
turbines. They are by a factor of four higher than costs of large scale 
turbines. Table 6-11 depicts the properties of a sample of small wind 
turbines manufactured by proven suppliers. Costs are for turbines only and 
do not comprise costs for construction and grid connection. 
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Turbine 

Power Rotor 
diameter

Hub 
height 

Swept 
area 

Spec. 
Power 

Turbine 
cost 

absolute 

Turbine 
cost 

specific 
  kW m m m² W/m² BSD BSD/kW 

Proven_3,5 3,2kW 6,5m 3.2 3.5 6.5 10 333 20,300 6344
Proven_3,5 3,2kW 11m 3.2 3.5 11 10 333 23,000 7188
Proven_5,5 6kW 9m 6 5.5 9 24 253 32,300 5383
Proven_5,5 6kW 15m 6 5.5 15 24 253 36,600 6100
Proven_9 15kW 15m 15 9 15 64 236 64,300 4287
Gaia_13 11kW 18m 11 13 18 133 83 67,100 6100

Average             5900
Table 6-11: Typical properties of small wind turbines. 
 
With the decreased size of a wind turbine the efficiency decreases as well. 
This together with higher specific investment costs leads to higher 
generation costs than generation cost of large scale wind turbines. The cost 
per produced kWh from small turbines on The Bahamas will typically be in 
the range of a factor 8 – 40 higher than of large turbines (2 MW class). A 
major reason is the hub height difference i.e. small wind turbines can only 
tap the low winds in lower heights whereas large wind turbines exploit the 
stronger winds in higher heights. Due to local obstacles around small 
turbines, winds can be further slowed down leading to generation costs up to 
200 times higher for a kWh from a large turbine. 
 
Timeframe needed for realization 
Due to its small size that allows convenient transportation and its easy 
installation, the time needed to implement power generation with micro 
wind turbines is very short. As on this scale of wind turbine investment an 
on-site wind measurement will make no economical sense, the time 
necessary for project planning previous to implementation can be expected 
not to be too long (depending on the quantity of micro wind turbines to be 
installed). 
 
Small wind turbines are particular an alternative for energy supply for small 
and isolated grids. Due to their higher costs compared to large wind 
turbines, we do not recommend this technology to be deployed on a large 
scale. The potential of small wind turbines to save fossil fuels is thus 
necessarily small. 
 
But it is still worth to keep informed, while there seem to be much 
development activity within small wind turbines at present and there might 
come more feasible small turbines at the marked in near future. 
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7. Ocean Energy 

7.1 Introduction 

This Section addresses the aspects related to the possibilities of power 
supply for the islands derived from ocean sources. The unique bathymetry 
of the seas around The Bahamas means that a number of different ocean 
energy resources are available in different parts of the archipelago. The 
location of the islands adjacent to the deep ocean in the sub-tropical region 
means that the investigation of ocean thermal resource is particularly 
appropriate. The existence of the north east trade winds on the eastern coasts 
of the Family Islands will result in significant wave energy resources. The 
tidal range is small but there are significant flows between many of the 
islands. 
 
Ocean energy comprises a number of sources which represent the highest 
density energy sources of all of the natural renewable energies. The final 
report will outline the nature of these ocean resources as an information 
source for future reference. 
 
Ocean Surface Waves represent a source of energy derived from the winds. 
Ocean waves are generated by winds passing across the sea surface and the 
energy contained in the waves is then transmitted over long distances in the 
ocean with very little loss. Wave energy is variable but also highly 
predictable as the wave conditions can be measured at a distance from the 
shore to give advanced information on future energy levels as the waves 
propagate and arrive onshore. 
 
Ocean Thermal Energy – the surface layers of the ocean store the heat 
energy available from the incident solar insulation. The low thermal 
conductivity of the sea water results in a build-up of this energy near the 
surface with the deeper layers maintaining a relatively constant temperature 
of around 40C. The surface layer thickness increases over the summer 
period and the temperature rises to levels around 30oC in the tropical 
regions. This difference in temperature provides a thermodynamic resource 
which can be used to drive heat engines. 
 
Tidal Current Energy – the gravitational forces associated with the 
earth/moon/sun system result in the rise and fall of the ocean surface in the 
tides. This rise and fall causes large volumes of ocean water to flow into 
coastal embayments, shallow waters and through island cuts. This flow of 
water reverses every 6 hours and is highly predictable decades into the 
future. The flow of water can be utilized to drive submerged turbines to 
generate electricity. 
 
Ocean Currents – the surface layers of the ocean have circulation patterns in 
the shape of large gyres driven by the surface wind fields. In the northern 
hemisphere these gyres rotate clockwise and are subject to intensification on 
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the western boundaries of ocean basins. In some cases these surface layers 
can have velocities up to 2 m/sec. and these flows could be utilised to drive 
submerged turbines. 

7.2 Potential for ocean power 

7.2.1 Introduction to the ocean resources 

The oceans are a large source of natural renewable energy. The primary 
sources are derived from the solar radiation onto the surface but there is also 
a significant contribution from the gravitational field of the earth/moon/sun 
system. 
 
The resources which are relevant to the Bahamas are the energy available 
from ocean waves, the energy from tidal streams and the energy stored in 
the temperature differences between the water in the surface layers and that 
in the deep ocean. 
 
Wave Energy 
The variation in solar insolation into the atmosphere causes differential 
heating and the resulting pressure differences create the winds. These winds 
act on the surface of the ocean to generate waves. These waves are thus 
stored wind energy and this is transported across the surface to the 
downwind shorelines. Wave energy can therefore be available at the 
shoreline during times when the wind is zero as the waves are generated by 
distant storms. These types of waves are referred to as “swell waves” 
whereas the waves directly generated by the wind are called a “sea” or 
“wind sea”. 
 

 
Figure 7-1: Wave Energy Propagation 
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The wave energy propagates long distances across the ocean and the energy 
transfer can be calculated from a relatively simple formula. The wave 
power, or rate of energy transfer, is given per meter width of the wave crests 
as shown in the above figure. All of the waves in the ocean have different 
heights and different wave periods and so representative statistics are used 
to characterize the sea state at any given time. The significant wave height is 
used along with the average or zero crossing wave period. 
 
P = 0.55 Hs2 Tz           kw/metre width 
 
Or alternately where wave spectra are used the peak period parameter Tp. 
 
In order to make an assessment of the energy resource available at any 
coastline it is necessary to have information about the occurrence of the 
different sea states over at least one year, data for longer periods is desirable 
as there can be significant inter annual variations in the resource. The 
statistical information regarding the occurrences of the different wave 
heights and corresponding wave periods are called the wave climate. 
Typically this is displayed as a joint probability diagram or scatter diagram 
as shown below. 
 

 
Figure 7-2: Scatter Diagram – Wave Climate 
 
The values in the scatter diagram represent the occurrences of particular 
combination in parts per thousand. In this example the wave height of 2m 
and wave period of 5.5 seconds occurs for 3.3% of the time in the year. 
 
It is then possible to calculate the wave power for each of the wave 
height/period combinations and to work out the total energy available in the 
year and also the averaged power for the whole year. 
 
The diagram below shows the distribution of averaged power for the 
world’s coastlines. 
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Figure 7-3: Average annual wave power 
 
The level of wave power in the Bahamas region is relatively low. The 
Bahamas are however located in the Trade Wind Belt and the North East 
Trades may provide a more persistent wave climate on the eastern coastlines 
than in other regions of the world. 
 
Tidal Energy 
The tidal energy in the ocean is derived from the action of the gravitational 
field of the earth/moon/sun system on the water mass. This gravitational 
field causes the water levels to rise and fall in the ocean with different 
heights at different locations because of local bathymetric influences. 
 

 
Figure 7-4: Tidal Energy Distribution 
 
This map shows that the rise and fall of the tide around the Bahamas is 
relatively small. Interestingly however, even where the tidal range is small, 
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there are locations because of inlets, narrows and other coastal features 
where the tidal stream flow velocity is large.  
 

 
Figure 7-5: Typical semi-diurnal tidal rise and fall over nine months 
 
Tidal levels are most commonly semi-diurnal with a periodicity of 12.42 
hours although there are locations in the world where the tides are diurnal 
with a tidal period is 24.8 hours and other locations where the tides are 
mixed. It can be seen that the tidal range varies throughout a month with 
maximum ranges or spring tides and neap tides or minimum range occurring 
twice per month. 
 

 
Figure 7-6: Tidal Currents in Puget Sound 
 
Tidal streams are cyclical and normally follow the tidal rise and fall but out 
of phase by about 3 hours. The tidal velocity rises to a maximum and then 
returns to zero and reverses direction, again rising to a maximum, during 
this cycle. The velocity and hence the power production therefore varies on 
a 6.2 hour cycle. The maximum velocities of the tidal current also vary 
throughout the Springs/Neaps cycle and often the velocities are greater on 
the flood tide than on the ebb tide.  
 
The tidal behavior is highly predictable with the astronomical tide capable 
of being predicted centuries into the future. This stream flow or tidal current 
can be used to drive an underwater turbine to generate electricity and this 
resource will be assessed for the Bahamas below. 
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Ocean Thermal Energy 
The ocean surface waters are heated directly by the solar insolation and as 
the seawater is a poor conductor of heat the surface layers increase in 
temperature whereas the deep water layers remain at relatively low 
temperature. 
 

 
Figure 7-7: Typical Temperature Profile 
 
It can be seen that the temperature gradient is high near the surface and up 
to around 100m depth there is an abrupt change in temperature called the 
thermocline. The surface water temperature increases and decreases over the 
year as the summer – winter cycle takes place but the deep water layers 
remain at a relatively constant temperature. 
 

 
Figure 7-8: Ocean Surface/Deep Water Temperature Difference 
 
This temperature difference can be used to drive a heat engine and generate 
useful power if the deep water is pumped to the surface. It can be seen that 
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the greatest temperature differences occur near the equator as would be 
expected. One prime advantage of the OTEC resource is that the power 
produced is base load and dispatchable and does not have the variability 
associated with other forms of renewable energy like wind and wave. 
The Bahamas is located in the subtropical region where the temperature 
differences are still significant and has the unique situation where very deep 
water is located close to the shoreline. 

7.2.2 Underlying data resources 

Different data sources were used to assess the potential of ocean power on 
The Bahamas: 
 
• Bathymetry 
The bathymetric data for the Bahamas is available in the digitised ocean 
bathymetry model (GEBCO) which provides high resolution information on 
a global basis. Detailed charts have been obtained both in sheet format and 
in booklet form at a scale of 1:50,000. This information is sufficient to 
allow a detailed study of the ocean renewable resources to be carried out. 
The The GEBCO chart for the Bahamas with 30 second grid size is shown 
below. 
 

 
Figure 7-9: GEBCO Bathymetry Chart 
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• OTEC 
The existence of the deep water within a few kilometres of the shoreline 
in many locations means that OTEC is a promising option for the 
Bahamas. Sea surface temperature maps are available on a routine and 
archived basis from Rutgers University. The key to the assessment of the 
thermal gradient resource is the availability of temperature profile data. 
There is a long series of expendable bathythermograph (XBT) profiles 
taken in the Tongue of the Ocean by the US Navy and these are available 
in digital form. There does not appear to be any further source of 
temperature profile data and there will not be sufficient resources or time 
to make additional measurements so the resource assessment will be 
based on the sea surface data and the assumption that profiles in other 
locations have similar shape to the TOTO data. There are a series of 
published papers with information related to transects at 24.5o N and 
26oN with oceanographic cruises monitoring the ocean circulation and 
the Gulf Stream. These will also be used where appropriate to reinforce 
data on temperature profiles. 

 
• Waves 

There is no measured wave data available on a routine basis from the sea 
areas around Bahamas. There are a number of numerical modelling 
sources with archived data on wave conditions. The Norwegian company 
Oceanor provides an archive of data resulting from satellite 
measurements over the whole globe. Data is available for the eastern 
shores of the Family Islands.  
 

 
Figure 7-10: Picture from WorldWaves showing the offshore grid points 
 
It was originally envisaged that a series of data from these satellite 
observations of the waves were to be used. Budget constraints have meant 
that this was not feasible and so alternate data sets have been sourced. 
 
NOAA in U.S.A. run an operational forecast model for waves in the world’s 
oceans. This WAVEWATCH data is archived and available for use. 
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This data has been obtained for a number of sites along the eastern boundary 
of the Bahamas Islands and the resource assessment has been completed 
using this data. 
 
• Tidal Currents 

There is tidal level information available for nearly all of the islands in 
the Bahamas with some having more than one location. There are, 
however, no measurements of tidal flows available for the Bahamas. The 
detailed bathymetric chart books obtained from Bahamas give indications 
of the locations where tidal streams have high velocities in the cuts 
between islands. These have been investigated and a number of potential 
locations have been identified. Future work on detailed numerical tidal 
modelling cold be done when an assessment of the proximity of these 
locations to load centres has been established.. 

 
• Ocean Currents 

The ocean currents in the region to the east of the Bahamas have been 
extensively studied as it is the location of the Antilles Current. The 
region to the west of the Bahamas in the Florida Strait has a strong ocean 
current driven from the Gulf of Mexico but it is concentrated into the 
area up to 20km offshore from the Florida coast. Other ocean currents in 
the vicinity of the Bahamas seem to be too weak to warrant further 
investigation. The potential for these has not been assessed as the 
technology development is at an extremely early stage. 

7.2.3 Ocean energy resource estimates 

7.2.3.1 Wave energy resource  

The wave energy resource of the Bahamas is not comparable to that of more 
exposed island chains, however at certain locations on the eastern seaboard 
the wave energy resource could be large enough to exploit for power 
production. This preliminary report identifies several such locations that 
merit further analysis. All the data for the wave resource analysis was 
obtained from WAVEWATCH III. 
 
WAVEWATCH III 
 
WAVEWATCH III was developed at the National Oceanic and 
Atmospheric Administration (NOAA).It is a wave model used by the NWS 
to predict a variety of wave characteristics including significant wave 
height, wave period, direction and frequency. The model resolves the 
balance equation, (1), for the spectrum N(k, θ; x ,t); 
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 (1) 

Where: R is the Radius of the Earth, λ is Longitude, Φ Latitude and U λ and U Φ are 
current components. 
The model itself is FORTRAN based and uses a regularly spaced longitude-
latitude grid. WAVEWATCH resolves in several grids of varying resolution 
and location, shown in Table 7-1. Using one-way nesting, grids are run as 
separate models consecutively. Output is provided in the form of ASCII or 
Binary. The output data files are available for download in Grib format. 
These Grib packages must be decoded before actual data analysis can be 
carried out. 
 
Model  Type Coverage   

(long., lat.) 
Resolution Min. depth 

(m) 
NWW3   Global 77°S - 77°N  

1.25° 
1° 25 

AKW  Regional 45°-75°N 160°E-123°W 
0.5 ° 

0.25° 7.5 

WNA  Regional 0°-50°N 98°-30°W  0.25° 7.5 
NAH  Regional 0°-50°N 98°-30°W  0.25° 7.5 
ENP   Regional 5°-60.25°N 170°-

77.5°W  
0.25° 7.5 

NPH   Regional 5°-60.25°N 170°-
77.5°W  

0.25° 7.5 

Table 7-1:  WAVEWATCH III Grids  
 
Validation of the model is carried out using both wave buoy data and 
satellite data. Figure 7-11 shows the agreement between model and field 
data. 
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. 

 
 
Figure 7-11: WAVEWATCH III Model validation 
 
Data Acquisition 
The Wave energy resource for the Islands was calculated from archived data 
from a NOAA Wave Watch III model. Peak period and significant wave 
heights generated by this model were used to calculate the power stored in 
the wave, using the formula (2); 
 

Power = K*Hs^2*Tp  (2) 
 

Where; K is a constant (0.42) based on the BS Spectrum, Hs is the 
significant wave height, Tp is the peak period. The power is calculated in 
Kilowatts per meter width of wave front. 
 
 
The data used in the analysis was from the WNA Grid Model, which 
represents the Western North Atlantic. The WNA model contains data from 
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a grid running 0° to 50°North and 98° to 60° West. The Grid resolution is 
0.25° i.e. parameters are calculated every 0.25°. Data from this model is 
stored every three hours. For each grid point a typical month’s data is in the 
region of 249 entries, for both Significant wave height and Peak period. 
 
The scope of this report did not require data from such a large region; 
therefore a smaller grid was extracted from the WNA Grid that 
encompassed the Bahamas. Running from 21° to 27° North and 79 to 72 
West, this Bahaman grid contained 725 points of data. A years (2005) worth 
of data was obtained for this region. 
 
The power calculated was then combined with a bathymetrical chart of the 
Bahamas.Ten locations primarily on the eastern front of the Islands were 
identified for further examination. These locations were selected based on 
their proximity to land/population and magnitude of resource available 
(Table 7-2).  
 

Grid Co-ordinates Name 
 

Annual Average 
Power kW/m2 

Location 
Latitude Longitude 

P1 6.18 SW of Freeport, GB 26° 30’ 79° 00’ 
P2 8.24 NE of Little Abaco 26° 45’ 77° 15’ 
P3 10.67 N of Grand Cay, GB 27° 00’ 77° 30’ 
P4 8.74 NW of Eleuthra 25°30’ 76° 30’ 
P5 10.61 N of San Salvador 24° 15’ 74° 30’ 
P6 11.19 SE of San Salvador 24° 00’ 74°15’ 
P7 11.07 Samana Cay 23° 00’ 73° 30’ 
P8 8.39 Mayaguana Island 22° 15’ 72° 45’ 
P9 8.34 E of Acklin Island 22° 45’ 73°45’ 
P10 8.23 E of Cat Island 24° 30’ 75° 30’ 

Table 7-2: Yearly average power for each location   
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Figure 7-12 Average Wave Energy Resource 2005 in kW//M2 
 
For each of these ten locations a wave scatter graph to quantify the 
frequency of a desirable wave climate a time series of monthly average 
power over a year was generated (Figure 7-13). 
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Figure 7-13: Monthly Average Wave Energy Resource  
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It is clear from initial examination of Figure 7-12, that the wave energy 
resource is greatest on the eastern boundary of the archipelago. The average 
near shore energy resource is within the 8-10 kW/m width range for the 
most suitable locations. The monthly time series, Figure 3, highlights the 
seasonality of the Bahamas wave climate, a relatively large resource is 
available during the winter months but during the summer months the 
resource is virtually non existent.  
 
The yearly average wave power (Table 7-2) is quite low for wave energy 
extraction. Values in excess of 11 kW/m2 were recorded for the more 
suitable locations around San Salvador and North of Gran Bahama Island. 
However the model results indicate an average wave power greater than 15 
kW/M for several locations during the winter months; most notable are P7 
located off Samana Cay, P5 & P6 off San Salvador and P3 Grand Cay on 
Gran Bahama Island.  P1 South West of Gran Bahama displayed the lowest 
resource, although there were three months when the average power 
exceeded 11 kW/m2. 
 
The scatter diagrams, presented in the Annexe (example in Figure 7-14) 
indicate that the majority of waves are between 1 to 2 meters in height and 
the significant wave period lies within the range of 5 to 9 seconds. This is 
relatively low for a typical large scale wave energy generation.  
 
An interesting feature of the scatter diagrams for the first three points P1,P2 
& P3 is the presence of outlying large wave events. At P1, a wave of 
significant wave height greater than10m and peak period of 10s is recorded 
with similar larger waves present in P2 and P3. Initially it was thought these 
outliers were data errors and not representative of the wave climate, 
however, it was found that these extra large occurrences were on the 24th of 
October 2005. This date is significant because it is the same day Hurricane 
Wilma passed north of these points up through the Florida straits and 
between the Bahamas and the Florida coast. It is possible that this major 
storm event created waves in the vicinity of P1, P2 & P3 that may have been 
greater than 20m. This is an important finding as it has serious design 
implications for any wave energy device. 
 
 



 
 

 
7399P02/FICHT-6472615-v1  7-15 

 

 
Figure 7-14:  Scatter diagram for P1 
 

7.2.3.2 Tital energy resource 

Tidal Range 
The tidal ranges for the Bahamas are small as can be seen from the tide 
curve for Nassau. 
 

 
Figure 7-15: Tide Height Curve for Nassau – June 2010 
 
The tidal range is around 0.8m maximum and the springs to neaps ratio is 
about 1.6. Given this low tidal range the Bahamas would not be suitable for 
tidal barrage type energy systems.  
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Tidal Streams 
There are however, a number of narrow cuts between the Bahamas Islands 
where the tidal stream velocity is high. 
Energy from fast moving tidal currents can be converted into electrical 
power by several different types of turbine driving a generator. Due to the 
lack of tidal velocity data, the tidal energy resource of the Bahamas Islands 
was very difficult to quantify within the scope of this study.  In the place of 
tidal flow analysis, a geographic analysis of the Islands was conducted. 
Combining Admiralty charts, satellite imagery packages and anecdotal 
reports on tidal currents an outline assessment of the location of suitable 
areas for tidal energy extraction was undertaken. As a result of this analysis 
several locations with a potentially exploitable tidal current resource were 
identified. Further detailed computer modelling would be possible for these 
sites if a further phase of the examination of the potential is undertaken 
 
Geographical Analysis 
Table 7-3 documents the preliminary geographic analysis. This involved 
studying the bathymetry of each Island in the chain and identifying any 
suitable locations. The key parameters of this first pass were physical 
characteristics; where coastal features such as straits, tidal cuts and water 
depths greater than 4 m below SLW were identified. Population density was 
also considered when selecting the most suitable sites from the initial 
analysis. 
 
Island Location Resource (if any) Population 
Great Inagua Extreme South None 1000 
Little Inagua Extreme South None 0 
Mayaguna South East None 318 
Plana Cays South East None 0 
Acklins South East Minimal 459 
Samana Cay South East Minimal 0 
Long Island South Minimal 3000 
Conception Is East None 0 
Rum Cay East Minimal  
San Salvador Far East None 1000 
Great Exuma Central South Highbourne cay 

Normans cay 
Darby Island 
Staniels Cay 
Black point 
Little Farmers Cay 
Lee Stocking Island 

Varies with 
Resort/Cay 

Ragged Islands Far west Minimal 72 
Cat Island East Minimal 1600 
Eleuthra Central Current Island strong 11000 
Rose Island Central None 0 
New Providence Central Minimal 250000 
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Island Location Resource (if any) Population 
Abacos North West Double Breasted Cay 

Yankee Cay 
Man o war cay 
Elbow cay 
Lynyard cay 
Little Harbour 

14,000 

Andros Central Big wood cay 7800 
Grand Bahamas North Indian cay 75000 
Bimini East Gun cay 

Alice town 
1600 

Berry Islands Extreme East Bonds cay 
Frozen cay 
Devils cay 

700 

Table 7-3: Tital resource by island 
 
After the initial survey of the entire archipelago several islands were 
identified for further research. The following islands had the greatest 
potential, Great Exuma, Eleuthra, The Abacos, Andros, Bimini and Grand 
Bahama Island. 
 
Description of Selected Sites 
 
Great Exuma 
Great Exuma possesses several sites that merit further investigation. These 
sites are located on the Northern end of Great Exuma, where there are 
numerous tidal cuts that possess potential for development. 
 
Location  Description 
High Bourne Cay  Remote private marina with tidal channels to south 
 
Normans Cay   Two tidal channels could be developed private 

bungalow development 
 
Staniels Cay  Tidal cuts on Northern and Southern ends of the cay 
 
Black Point   Deep cut to North of island of approx 200 population 
 
Little Farmers Cay  Two tidal cuts approx 50 people 
 
Darby Island   Private resort approx 50 -100people 
 
Lee Stocking Island Several tidal channels in the vicinity of Island. There 

is a marine research centre on the Island, The Perry 
Institute. The Institute is currently looking at 
Renewable energy technologies to replace or 
compliment existing power source in this centre and 
other similar Islands in The Caribbean.  
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Figure 7-16: Highbourne Cay, Lee Stocking Island & Normans Cay 
 
 
Eleuthra 
The tidal cut between Eleuthra and Current Island, Figure 7-17, is a possible 
site for tidal energy extraction. The cut appears to have a large tidal flow 
and is close to a substantial population. The western end of Current Island 
may also be a viable tidal energy extraction site. 
 

 
Figure 7-17: Tidal Cut between Eleuthra & Current Island 
 
Abacos Islands 
The outer lying cays running from the North West of Little Abaco to the 
South East of Great Abaco contain several tidal cuts. The following have 
been identified as possessing the greatest potential for tidal energy 
extraction; Double Breasted Cay, Yankee Cay, Man o war Cay, Elbow Cay 
and Lynyard Cay. 
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Double Breasted Cay and Yankee Cay are located off Little Abaco and are 
sparsely populated. A recent study of tidal flow interactions in the Bahamas 
by Reeder and Rankey, recorded flows greater than 1m/s in the tidal 
channels of Double Breasted Cay. This is an encouraging figure for tidal 
energy generation. 
 
Elbow Cay, Man o War Cay and Lynard Cay are close to Marsh Harbour, 
while it has a substantial population and numerous tidal cuts that could be 
viable for energy extraction, the disadvantage of this is that most of the tidal 
cuts in the region are heavily trafficked seaways. 
 

 
Figure 7-18: Man o War cay, Elbow Cay and Lynard Cay 
 
Grand Bahama 
There is a tidal channel between the western tip of grand Bahamas and 
Indian Cay. It appears to have a strong current but contains anchorage. The 
water depth at this location may also be too shallow with depths of under 
3m SLW recorded in the channel. 
 
Andros 
There are several areas on Andros Island where tidal energy could be 
exploited but due to the remoteness and sparse population density, only one 
viable location was identified, the channel south of Big Wood Cay. This 
area may have significant flow and close to a population, but the area is a 
busy harbour and also may not have significant depth of water at low tide 
for installation of tidal energy extraction. 
 
Bimini Islands 
There are strong tidal currents in the passage between North and South 
Bimini; however this is the main access route to Alice Town harbour. There 
are also several tidal channels south of Nixon’s Harbour on South Bimini 
that merit more detailed study. 
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Figure 7-19:  Bimini-Islands 
  

7.2.4 Ocan thermal energy source  

The assessment of the ocean thermal resource requires information about 
the temperature profiles down to at least 1000m over extended periods of 
time. The only data that was available came form the U.S. Navy Acoustic 
Test Range on Andros, Bahamas. Expendable Bathythermograph (XBT) 
casts have been made at a number of stations in the Tongue of the Ocean 
(TOTO). This data was available but required significant processing to load 
down from the website and formulate into useful data sets for analysis. 
 
Data Acquisition 
Ocean thermal energy conversion (OTEC) is a technology that exploits the 
oceans natural thermal gradient to produce electricity. The desired criteria 
for economically viable OTEC are a water temperature gradient of at least 
20°C (36°F) between the sea surface and 1000 meters (3280 ft) depth. The 
unique bathymetrical character of the Bahamas, specifically the Tongue of 
the Ocean region, combined with year round warm sea surface temperatures 
makes the Bahamas an ideal location for OTEC development. With water 
depths of over 2000 meters occurring very close to the coastline and a large 
population base, the south west corner of New Providence appears to be the 
most suitable site to examine for OTEC development. 
 
Two types of temperature data were obtained for analysis of the OTEC 
resource assessment, Expendable Bathythermograph (XBT) data and 
satellite sea surface temperature from Advanced Very High Resolution 
Radiometer (AVHRR). The former was sourced from the Atlantic 
Underwater Test and Evaluation Centre (AUTEC ) and the latter from 
NOAA. 
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The XBT is a probe launched from a ship and allowed to freefall until the 
end of its reel upon which it disconnects from the ship. The probe is 
grounded by seawater so as soon as it hits the water surface it is activated 
and begins relaying data to the onboard processor. The parameters recorded 
include depth, measured by rate of descent to an accuracy of ± 2% and 
temperature, measured by a thermistor at the nose on the probe to an 
accuracy of ± 0.1C°. 
 
The AVHRR measures surface temperature by radiation detection. Relying 
on 6 different detectors, it collects varying bands of radiation emitted from 
the earth’s surface. Sea surface temperature is collected at resolution of 
1km2. One disadvantage of this type of data is that cloud interference can be 
quite significant it can be seen on the sea surface graphs as bright purple and 
blue patches. 
 
Annual Temperature Variation 
The Temperature vs Depth curves, Figure 7-20, Figure 7-21 and Figure 7-22 
clearly show that temperature change through out the year occurs primarily 
at the upper 500ft of the water column. There is minimal variation between 
the samples analysed below this depth with the exception of the 20th July 
2002 sample which appears to be approximately two degrees Celsius 
warmer between depths of 2000ft and 4500ft than the other samples.  
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Figure 7-20:  Temperature Gradient Profile for 2002  
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2003 Thermal Gradient 
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Figure 7-21: Temperature Gradient Profile for 2003 
 

2007 Thermal Gradient
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Figure 7-22: Temperature Gradient Profile for 2007 
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Figure 7-23: Locations of XBT measurements 2007 
 
On initial observation of Table 7-4, the temperature difference between 
surface and sea bed appears to be above the required 20 Degrees C for 
feasible Ocean Thermal energy conversion (OTEC) for most of the year. 
However it has been recommended that for optimum operation of OTEC 
systems the deepest they should be employed is to 3280 feet (1000m) from 
the surface. This reduces the temperature difference by several degrees and 
significantly reduces the percentage of the year when the gradient is greater 
than required 20 degrees. 
   

  2007 2003 2002 
Depths of 
XBT 6000ft (1830 M) 6000ft (1830 M) 6000ft (1830 M) 

Monthly 
Avg Temp  Difference C Temp  Difference C Temp  Difference C 
January    20.09
February  19.28  
March 20.54 21.85*  
April 21.26 21.66 20.38*
May    25.94
June  24.47*  
July    24.01
August  25.70   25.3*
September  26.40 25.60
October 24.06 25.17  
November  24.58*   
December 22.11 22.6*   

*denotes a single survey reading in that month. 
Table 7-4:  Temperature gradient in Degrees Celsisus for depths of 6000 ft (1830m)  
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Sea Surface Temperature 
Considering that the variation of temperature occurs close to the surface and 
below this temperature gradient between samples is relatively constant. The 
thermal resource fluctuates with seasonal temperature change i.e. the 
resource (thermal gradient) is greatest between the months July to 
November, with the lowest resource recorded in February. 
 
A factor critical to establishing an economically viable OTEC plant in the 
Bahamas is its proximity to a large population base. A plant located in an 
area of optimal resource but in a sparsely populated area is not feasible. 
Ideally any OTEC plant would be located close to the capital city Nassau on 
the Island New Providence.  
 
XBT data is not currently available for the Nassau coastal area or for the 
other large population centres on Gran Bahamas and Abaco.  The data 
analysed in this report between 40km and 80km from Nassau. However, 
using sea surface temperature maps, it is possible to approximate the 
resource available in the vicinity of Nassau. These maps are reproduced in 
the Annexe to this report. An example is shown in Figure 7-24. 
 

 
 
Figure 7-24:  December 2007 
 
Comparing the sea surface temperature around Nassau and at the recorded 
locations, only small variations are observed. However, there are localised 
cooler patches visible on some of surface temperature maps, for example the 
cooler areas around the south west of New Providence on 17th October 
2007. These cooler patches are up to 5 Degrees cooler than the average 
surface temperature of the surrounding water body could be due to cloud 
interference with the satellite imagery.  
It is difficult to assess the difference year on year as the availability of data 
is limited. For this averaged data, Table 1, the maximum difference between 
corresponding months in the years analysed (2002, 2003 & 2007) is 1.28 
Degrees C. 
 
Comparing the sea surface temperature maps from the 14th April 2002 and 
the 18th April 2007, it can be seen that there are only slight differences in the 
surface temperature. On both dates the recorded sea surface temperature off 
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south west of New Providence was cooler compared with the surrounding 
area. 

7.3 Technologies for ocean power  

All of the technologies for the exploitation of the ocean energy resource are 
still at a development stage. Some of these technologies are close to 
commercial realization whereas others are still at the research and 
demonstration stage. No commercial plant for ocean energy conversion is 
available at present. It is expected that commercial devices will become 
available around 2014 and so it is prudent to consider these resources in any 
long term energy strategy study. 

7.3.1 Wave energy technology 

Wave energy has the highest density of any of the natural renewable energy 
sources. It also has large extreme forces compared to the normal which 
poses an engineering challenge. There is no single system concept for wave 
energy conversion and many different device types are under development. 
The devices being proposed fall into three main categories:- (i) Oscillating 
water column systems, (ii) Mechanical float based systems and (iii) 
overtopping systems. These devices can be mounted in the seabed at or near 
the shoreline or alternatively be floating and located away from the 
shoreline. All of the devices are modular with unit sizes of around 1 to 2 
MW and so, like wind turbines, these must be deployed in farms to produce 
power plant scale installations. 
The principles of operation for the different types are outlined below with 
examples given of the more advanced prototypes under development. 
 
Oscillating Water Column Devices 
The principle of operation is that the device consists of a large chamber 
which has a submerged opening acted upon by the wave motion. The large 
chamber houses a trapped air volume which is alternately compressed and 
expanded by the wave pressures. The air is then forced into and out of this 
plenum chamber to the atmosphere through an air turbine. This air turbine 
rotates in the same direction irrespective of whether the air flow is into or 
out of the air chamber. The turbine runs at high speed and is connected to a 
generator directly producing electricity. 
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Figure 7-25: O.W.C. Principle of Operation 
 
 
The Limpet Pilot Plant in Scotland (see Figure 7-26) and the Mutriku 
breakwater OWC (see Figure 7-27) have both been developed by Wavegen 
Ltd. (www.wavegen.com) and they expect to construct a new 4MW system 
at an offshore island in Scotland soon. The shoreline fixed units or 
breakwater systems must be constructed in situ but they can benefit from 
co-financing from the construction of the infrastructure. The Limpet plant 
has been operating for 80,000 hours. 
 

 
Figure 7-26: Limpet 500 kW Islay-Scotland 
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Figure 7-27:  Mutriku OWC Breakwater – Bilbao, Spain 
 
 
The Ocean Energy Buoy, which is under development by OE Ltd 
(www.oceanenergy.ie), is a floating OWC which can be constructed in a 
shipyard and towed to site for installation (Figure 7-28). They are 
constructing a 1MW prototype for testing and expect to produce 2MW 
commercial units in 2013. 
 

 
Figure 7-28: OE Buoy Floating OWC, Ireland 
 
Mechanical Float Systems 
The mechanical float systems work on the principle of utilizing the relative 
motion between a number of floats or between the float and a seabed 
connection. The power conversion system consists of either a closed loop 
hydraulic system where rams drive oil through a hydraulic motor coupled to 
an electrical generator or a direct drive electrical linear generator. The free 
floating systems can have all surface floats like the Pelamis or surface and 
submerged floats like the Wavebob or OPT devices. The systems which are 
connected to the seabed either react vertically against a seabed anchor like 
the SeaBased system or surge horizontally around a bottom mounted hinge 
like the Oyster. 
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The Pelamis (sea snake) (www.pelamiswave.com) device consists of a 
number of horizontal cylindrical floats hinged together (see Figure 7-29). 
Each float is about the size of a railway carriage and there are hydraulic 
rams attached to the hinges. Relative movement at the hinges causes oil to 
be pumped in a circuit where a hydraulic motor/generator produces 
electricity. The test machines deployed in Portugal had operational and 
financial difficulties and so were recovered after only a short duration test. 
Three new demonstration machines have been purchased by E-ON for 
testing in Scotland and the company can be expected to produce 1 MW 
commercial devices in 2013. 
 

 
Figure 7-29: Pelamis – Three 750 kW machines in Portugal 
 
The Wavebob (www.wavebob.com) device consists of a large submerged 
float which remains relatively stationary and the surface toroid (donut) float 
moves vertically under wave action (see figure Figure 7-30). There are 
hydraulic cylinders connecting the two floats and the relative motion pumps 
oil in a closed circuit with a hydraulic motor/generator producing electricity. 
A grid connected pre-commercial demonstration unit with an output of 
around 500kW is to be constructed in Portugal by 2011. 
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Figure 7-30: Wavebob - Ireland 
 
The OPT (www.oceanpowertechnologies.com) device is similar to the 
Wavebob in operating principle except that the submerged float is also 
restrained by a damping plate (see Figure 7-31). They have been testing the 
PB40 a 40kW device in New Jersey, U.S.A. for some time and recently 
deployed a similar unit in Hawaii. They are in the process of constructing 
further PB40 devices in Scotland and are seeking permits for a PB150 
device in Oregon State, U.S.A. A fully commercial device cannot be 
expected before 2013. 
 

 
Figure 7-31: OPT Device deployed in Spain 
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The Oyster Device (www.aquamarinepower.com) has been developed by 
Aquamarine Power Ltd. This is a seabed mounted flap which moves 
horizontally as the waves act on it. The flapping motion then pumps sea 
water through a series of pipes to a hydro-generator onshore where 
electricity is produced (see Figure 7-32). There are no electrical components 
placed offshore and the device can be laid flat on the seabed in survival 
mode. They have deployed a 200kW unit at the Orkney Islands, Scotland 
and are working on the production of a larger scaled up unit to be installed 
in 2011. 
 

 
Figure 7-32: Oyster 200 kW device in Orkney, Scotland 
 
The Seabased (www.seabased.com) device has been developed from 
research at Uppsala University, Sweden. It consists of a simple float 
connected to a seabed mounted generator (see Figure 7-33). This generator 
is a direct drive linear generator which produces electricity from the vertical 
mechanical motion of the float. The device can produce 10kW and ten of 
these have been deployed at a test site in Lysekil, Sweden, There are plans 
to install about 200 larger units to create a power station of 5MW in 2012. 
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Figure 7-33: Seabased -10 kW units, Lysekil, Sweden 
 
Overtopping Systems 
The overtopping systems work on the principle of the waves driving water 
directly up a sloping beach into a large reservoir. This reservoir is above the 
mean sea level and the stored water then returns through a conventional low 
head hydro-turbine to generate electricity. The reservoir can be formed at 
the seashore or be contained in a floating system. One of the advantages of 
this type of system is that it incorporates a short term smoothing of the 
power output by storing water in the reservoir. The disadvantage is that the 
volume of the reservoir has to be large to yield significant power output. 
 
The shore based overtopping system Tapchan was installed in Toftestallen, 
Norway in the 1980s (see Figure 7-34). The construction of such shore 
based systems is difficult and is limited to locations with suitable 
topography and small tidal ranges. The device operated for over three years 
generating electricity to the grid. Further systems were planned to be 
constructed in Pacific Islands but none were completed because of high 
capital cost.  
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Figure 7-34: 500 kW Tapchan, Toftestallen, Norway 
 
In 1983 an overtopping system was proposed for Mauritius where an 
offshore coral reef exists forming a series of lagoons. The concept was to 
construct concrete ramps on the coral reef and to block exits from the 
lagoon to store the overtopping water. The stored water would then be 
returned to the sea through a series of low head hydro-turbines. This system 
was not constructed again because of high capital cost and potential 
environmental impacts. Similar schemes were proposed for the French 
Polynesian Islands of Maree and Tahiti but were also never constructed. 
 
The Wavedragon (www.wavedragon.net) device consists of a floating 
reservoir with a curved beach contained between two arms designed to 
channel waves into the centre (see Figure 7-35). The waves push water up 
the beach to fill the reservoir and a number of low head hydro-turbines 
produce the electricity. A quarter scale prototype has been deployed at the 
Nissum Bredning test site in Denmark since 2003 and a full size pre-
commercial demonstration project with a 5MW device is planned for 
Milford Haven, Wales in 2011. 
 

 
Figure 7-35: The Wave Dragon Nissum Bredning Prototype  
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Figure 7-36: The basic principle of the Wave Dragon 
 

7.3.2 Tidal stream technology 

Tidal streams exist in a number of locations, even though the tidal rise and 
fall may be small. There are instances where the amphidromes exist but 
primarily they are generated by topographic features such as around 
headlands and in narrow channels between land masses. The tidal streams 
change direction during the tidal cycle and so conversion devices must be 
capable of dealing with this reversing flow.  
 
The most common technologies for converting this flow into useful energy 
consist of devices similar to wind turbines. Propeller type turbines rotate 
when submerged and subject to the flow. The turbine must have some 
method to deal with the reversing flow but this only occurs about once every 
6 hours. 
 
There are two main types of turbine: (i) horizontal axis turbines, (ii) those 
with a vertical axes. The turbine can also operate in the free stream or be 
housed inside a duct. 
 
Horizontal Axis Turbines 
These turbines are similar to wind turbines in design except the speed of 
rotation is slower (about 10 rpm) and the diameter for a given power output 
is much less. A typical wind turbine will have a power density of around 
500W per square meter whereas a typical tidal turbine will have an energy 
density of 4 kW per square meter of swept area. Some of the designs have 
blades with variable pitch to optimize the flow conversion whereas others 
simply reverse direction every 6 hours. 
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Figure 7-37: Seagen 1.2 MW device Strangford , Northern Ireland 
 
 

 
Figure 7-38: Open Hydro – 1 MW device, Bay of Fundy, Canada 
 
The Seagen device (www.mct.com) has been developed by Marine Current 
Turbines Ltd and is the first large scale tidal turbine to be connected to the 
electricity grid. The device has two 16m diameter rotors each rated at 
600kW. Each rotor is fitted with a gearbox and connected directly to an 
electrical generator. The turbine blades are fitted with the pitching 
mechanism which are altered every 6 hours to accommodate the reversing 
flow and allow the generators to run in the same direction all of the time. 
The whole assembly is mounted on an aerofoil shaped beam which can be 
raised above the water level for maintenance. MCT are in the process of 
seeking permits for a 10MW array of similar turbines to be deployed in 
Wales during 2011. 
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The Open Centre Turbine device (www.openhydro.com) has been 
developed by Open Hydro Ltd. This turbine has fixed blades and is fitted 
with a permanent magnet generator around the rim which removes the need 
for a gearbox. The turbine therefore changes direction every 6 hours and this 
is accommodated electrically. They have successfully completed a test 
program of a 60kW device in Scotland and proved the installation methods 
for their commercial support structure. The first 16m diameter 1MW 
machine was recently installed in Nova Scotia, Canada and a total of 4 
machines will be installed at this site. Further commercial developments are 
under way in Scotland and France. 
 
Vertical Axis Turbines 
The vertical axis turbines can operate with fixed blades as they turn in the 
same direction whatever the direction of the flow. These turbines can have 
all of the mechanical and electrical generation equipment above the water 
level in the support structure. The support structure can be a fixed platform 
or can be a float. Power levels can be increased by increasing the diameter 
and also the depth of the turbine. 
 

 
Figure 7-39: Enemar 40 kW turbine – Messina, Italy 
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Figure 7-40: Gorlov 1 MW turbine – Uldolmok, Korea 
 
Ponte di Archimede (www.pontediarchimede.it) have deployed a floating 
vertical axis turbine in the Straits of Messina. This device utilizes the 
Kobold rotor which has three vertical aerofoil blades which can feather 
during rotation and increase efficiency. The gearbox and generator are 
housed inside the float and the system is connected to the electrical grid. 
Contracts have recently been signed with Indonesia to construct a pilot plant 
funded by the UNIDO program. 
 
The Korean Government has constructed a vertical axis tidal power plant in 
the Uldolmok Strait, Korea. This system is based on the Gorlov turbine 
which has vertical helical aerofoil blades which is a more efficient 
configuration than the conventional straight blades. The first installation is a 
large steel support structure which contains a number of rotors with an 
installed capacity of 1MW. There are ambitious plans to add further 
installations up to a total of 90 MW by 2013. 

7.3.3 Ocean Thermal Energy Conversion (OTEC) Technology 

The technology for converting the temperature difference between the deep 
ocean and the surface waters consists of a system to pump to cold deep 
water to the surface and utilize this in a heat engine together with the hot 
surface water. The principle has been well understood for many years but as 
the temperature difference is only 20oC this low grade heat needs innovative 
heat engines to be economic. 
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In order to attain the temperature difference required, the cold water must be 
pumped from at least 1000m depth. The pumping energy for this is not so 
large as the hydrostatics means that only a few meters of head must be 
provided. The more important consideration is the construction of the deep 
water feed pipe which must be several meters in diameter as the volumes 
required for the system to operate are extremely large. 
The OTEC power conversion system can consist of two main configurations 
– open cycle and closed cycle. In the open cycle system, sea water is flash 
evaporated by the warm seawater and the steam produced used to drive a 
turbine to generate electricity. The steam is then condensed by the cold 
seawater and the condensate is fresh water. This system has the advantage 
of producing potable water as well as electricity. 
 

 
Figure 7-41: Open Cycle OTEC System 
 
In the closed cycle a special working fluid is evaporated and condensed with 
the vapor being used to drive a turbine generator system. The warm surface 
water evaporates the ammonia or similar fluid which is then used to drive 
the turbine to generate electricity. The exhaust vapor is then condensed by 
the cold seawater for reuse in the evaporator. 
 

 
Figure 7-42: Closed Cycle OTEC System 
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The potential for harnessing this resource has been recognized for many 
years with the first attempts made in Cuba in the 1930’s. Experiments were 
undertaken in Hawaii in the 1980’s both with floating plant and land based 
units. These were abandoned because of the low oil price at the time. 
 
Interest in OTEC has been renewed in recent years. India and Japan are now 
active in developing systems. 
 
India 
 

 
Figure 7-43: India 1 MW Floating OTEC Pilot Plant 
 
A 1MW floating pilot plant has been constructed at a site in Tuticorin in 
South East India and placed 30km from the shore. This system produces a 
net power output of 500kW as the balance is used in pumping the hot and 
cold seawater. A total of 5000 tons per hour of cold water and a total of 
7,500 tons of warm water per hour are required for the system. The cold 
water pipe is 100m long and has a diameter of 0.9m. 
 
Japan 
 
A new research centre has been established at Saga University Japan to 
study OTEC processes. 
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Figure 7-44: Saga University OTEC Research Centre 
 
The researchers of Saga University are investigating more efficient heat 
conversion cycles such as the Kalina and Uehara Cycles as well as hydrid 
plant which are closed cycle with fresh water production. Japan has signed 
memoranda with a number of Pacific Islands as well as Mauritius to develop 
OTEC concepts for use. 
 
U.S.A. 
 
Lockheed Martin were involved in the technology development for OTEC 
in the 1980’s. With the renewed interest in renewable energy and the 
increased oil prices they have re-entered the development activity. In 2008 
they were awarded support from the U.S. Department of Energy to 
investigate new methods for construction of the OTEC systems 
 

 
Figure 7-45: Lockhead proposed 10MW floating OTEC 

7.4 Potential Sites 

Wave Energy 
The wave energy was studied at 10 sites extending along the coastlines from 
west of Freeport in Grand Bahama to Mayaguana Island. The sites are 
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located along the eastern boundary of the Bahamas and face the 
predominant wave approach directions. 
 
There were four sites where the resource level was estimated at 10 kW per 
metre with the others being at around 8 kW/m. 
 
This is about the same level as in the Southern North Sea in Europe where a 
number of development trials are ongoing. 
 
Tidal Stream Energy 
There were no available current speed data available for any of the sites 
identified in the Bahamas. A number of potential sites were identified in 
islands with significant populations to justify development. 
 
These were – Eleuthra, Abacos and Great Exuma. 
 
Ocean Thermal Energy (OTEC) 
There were two main potential locations for the development of an OTEC 
plant - Gran Bahama and New Providence. 
 
At both of these sites there was a temperature difference of more than 20 
degrees C and for about 7 months the difference was above 24 degrees. 
 
This makes these sites suitable for the development of OTEC power plants. 

7.5 Initial environmental examination 

The initial environmental examination should provide a first overview of the 
potential environmental impacts. These are in general difficult to quantify 
because such energy conversion plants have not been operated for extended 
periods of time. An additional gap with respect to the environmental impact 
evaluation is the fact that no dedicated locations have been chosen. This 
outstanding information are normally needed to identify possible 
environmental impacts because impacts are related to the surrounding 
environment. A less sensitive environment will cause normally no major 
impacts, on the other hand site, an environment with a high ecological value 
reacts much more sensitive regarding any disturbances to be caused be 
project to be implemented. In the following a first rough picture about 
possible environmental impacts expected from the operation of ocean 
energy plants is drawn. 
 
Major general environmental concerns are expected from two aspects. The 
first aspect is the construction of the plants in the ocean. A specific work 
procedure is not available at the moment but it should be considered that the 
area where the plants will be fixed for permanent location should be as 
small as possible. Furthermore, it should be considered that no sea fauna or 
flora with a high ecological value should be effected, such as coral reefs 
which needs hundreds or thousands of years for growing. This should be a 
mandatory requirement for the construction phase and it should be 
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supported by a baseline marine investigation considering the sea bed flora 
and fauna. 
 
A much more interesting question is the subject if fishes, turtles or any other 
sea fauna could be affected be the ocean energy plants? Will it be possible 
that fishes, sea snakes or turtles will get effected be the turbines? If yes, no 
answer could be provided if this will effect only a small and limited number 
of species or if plenty of individuals will get lost. 
 
In the following an environmental examination will be done with respect to 
the different possible technologies. 
 
• Wave energy technology with the following possible types: (i) 

Oscillating water column systems, (ii) Mechanical float based systems 
and (iii) overtopping systems. These devices can be mounted in the 
seabed at or near the shoreline or alternatively be floating and located 
away from the shoreline. 

 
The most important environmental concern will result from the 
anchoring of the devices. Depending from the value and quality of the 
sea bed, the potential of an environmental concern will have a type 
specific significance. 
 

• Tidal energy generation system with a difference regarding the location. 
One type of system will float on the surface of the sea and will fixed by 
an anchoring system on the sea bed and the second type where the 
system will directly fixed on the sea bed. The second type could cause in 
a higher environmental impact because the seabed will be more effected 
as in comparison to the one fixed only by anchors. 

 
• A third technology is OTEC. The technology for converting the 

temperature difference between the deep ocean and the surface waters 
consists of a system to pump to cold deep water to the surface and utilise 
this in a heat engine together with the hot surface water. In order to attain 
the temperature difference required, the cold water must be pumped from 
at least 1000m depth. This system requires a kind of pipeline placed on 
the seabed. This is the most important difference in comparison to the 
other systems. The “pipeline” needs a corridor which must be cleared 
from obstacles prior to the construction. Depending from the 
environmental conditions the site preparation works could increase the 
amount of suspended solids which will effect the sea fauna and flora, e.g. 
corals. A second impact resulting from this technology is the effect that 
cold water will be discharged in an area of higher temperature. Marine 
fauna and flora with a high sensitivity regarding temperature differences 
could be affected but this is depending from the amount of discharge of 
cold water. 

 
The only possibility to evaluate the sources of environmental concerns is to 
discuss all possible mechanical injuries with the supplier and to evaluate 
which measures are foreseen to limit such injuries or to avoid them. This 
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discussion should involve not only the supplier and the technical consultant, 
even a marine biological expert should be asked to participate in this 
discussion and the prior mentioned marine baseline investigation shall form 
an integral part within this discussion. 
 
The results this expert round is assumed to be a decision board for the 
development of the scope of work for the needed environmental impact 
assessment. Even if it possibly not foreseen or considered by law to execute 
an EIA for the ocean energy plants, it is recommended to undertake these 
studies because they are not common project used since many years. 

7.6 Summary 

The data sources for this study were considered adequate for an initial 
assessment but the accompanying data report (to follow) highlights certain 
areas where further data would be helpful before any development decisions 
were made. In particular some confirmation of the sea surface temperature 
data near New Providence and some tidal flow measurements in Eleuthra 
and Abacos would be required, 
 
Resource Assessment 
The sections above highlight the sources and analysis of the ocean data. 
 

Wave Energy 
 
The wave energy was studied at 10 sites extending along the coastlines from 
west of Freeport in Grand Bahama to Mayaguana Island. The sites are 
located along the eastern boundary of the Bahamas and face the 
predominant wave approach directions. 
 
There were four sites where the resource level was estimated at 10 kW per 
metre with the others being at around 8 kW/m. 
 
This is about the same level as in the Southern North Sea in Europe where a 
number of development trials are ongoing. 
 

Tidal Stream Energy 
 
There were no available current speed data available for any of the sites 
identified in the Bahamas. A number of potential sites were identified in 
islands with significant populations to justify development. 
 
These were – Eleuthra, Abacos and Great Exuma. 
 

Ocean Thermal Energy (OTEC) 
 
There were two main potential locations for the development of an OTEC 
plant - Gran Bahama and New Providence. 
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At both of these sites there was a temperature difference of more than 20 
degrees C and for about 7 months the difference was above 24 degrees. 
 
This makes these sites suitable for the development of OTEC power plants. 
 
Potential for technologies 
 

Wave Energy 
 
Given that the level of the wave energy resource is around 10kW/m it would 
be expected that the economic costs of the electricity produced by wave 
energy convertors would be high. There is no limit to the level of the 
theoretical resource as it occurs extensively along the eastern coast. It would 
be important to match the electricity demand centres to the resource and so 
it would be expected that small scale installations relevant to the outer 
islands would be most appropriate. The practical resource would therefore 
be limited. 
 
Devices like the Seabased machines with unit sizes of around 15kW could 
be relevant here, the devices designed to produce large power units would 
probably be located too far from the load centres to be economic as the sites 
are remote from the main population centres. The expected cost of 
electricity from these devices after the development has been completed is 
around the same as that of offshore wind turbines. The costs at this time are 
highly speculative as no commercial machines have been produced. 
Estimates of the CAPEX come out at up to $5,000 per MW and the LCOE 
estimates vary from $0.13 to $0.30 per kWh when large scale deployments 
have taken place worldwide. 
 
The timescale for first availability of commercial machines is estimated to 
be after 2015. 
 

Tidal Streams 
 
It is difficult to estimate the potential for the development of tidal stream 
resources in Bahamas as there are few sites with high flow velocities. The 
sites that do exist may be restricted by needs of navigation and other 
constraints. The costs of tidal stream generators will come in at about the 
same value as that of wave energy convertors. Again the devices will not 
become commercially available until around 2012/2013. The advantage of 
the tidal stream resource is that it is highly predictable and small scale 
deployments may be suitable to remote communities. 
 

OTEC 
 
There are two sites where there could be development of OTEC systems. 
These are located near large population centres. One is west of New 
Providence and the other is west of Grand Bahama, The temperature 
differences measured were above 20 degrees centigrade which suggest that 
multi megawatt installations could be feasible. The electricity produced by 
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an OTEC plant is base load and so the installation must be sized to fit into 
the island grid receiving the power. In the case of New Providence a 
maximum plant size of around 50 MW could probably be considered. 
 
The development of OTEC technology is ongoing and there are no 
commercial systems operational at present. The current estimates for 
CAPEX are in the region of $ 8,000 per MW with LCOE estimates between 
$0.16 and $0.20 per kWh. Commercial power plant development is ongoing 
in U.S. at present in particular by Lockheed Martin. They expect power 
plants to be available commercially within the next 5 years. 
 
Conclusion 
 
It is concluded that the most suitable technology for large scale power 
supply from the ocean in Bahamas is OTEC with a potential installed 
capacity of several 10’s of MW. There could be opportunities to provide 
power for some of the Family Islands from wave and tidal streams but more 
detailed matching of the resource to the electricity demands would be 
necessary. 
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8. Bio Energy 
Besides a baseline assessment of Arundo donax and Microalgae as potential 
feedstock for biofuel production and the assessment of the availability of 
edible oil and fats, this chapter focuses on the electricity production from 
biomass on Abaco, Andros, Eleuthera, and Grand Bahama. 

8.1 Arundo donax baseline assessment 

8.1.1 Introduction 

Arundo Donax21 is a robust perennial grass 3 to 10 meters (9 to 30 feet) tall, 
growing in many stemmed cane like clumps, spreading from horizontal 
rootstocks below the soil and often forming large colonies many meters 
across. Individual stems or culms are tough and hollow, divided by 
partitions at nodes like bamboo, from 1 to 4 centimeters (0.5 - 1.5 inches) in 
diameter. Culms are unbranched or with single (rarely multiple) lateral 
branches from nodes. The pale green to blue-green leaves broadly clasp the 
stem with a heart-shaped base, about 2-6 cm wide at the base and tapering to 
the tip, up to 70 cm or more in length. Leaves are arranged alternately (not 
opposite each other) throughout culm, very distinctly two-ranked (in a 
single plane). Arundo Donax produces a tall, plume-like flower-head at the 
upper tips of stems, the flowers closely packed in a cream to brown colored 
cluster borne from early spring to early fall. Culms may remain green 
throughout the year but often fade with semi-dormancy during the winter 
months or in drought. Arundo donax can be confused with cultivated 
bamboos and corn, and in earlier stages with some large-stature grasses such 
as Leymus (Ryegrass), and especially Phragmites (Common reed) which is 
< 4 meters tall and has panicles < 3 dm with long hairs between the florets. 
 

 
Figure 8-1: Leaves at Kula, Maui Figure 8-2: Arundo donax in flower 

                                                 
21 Other common names include Giant reed, Spanish reed, Giant cane, giant feather-reed 
grass (GRIN 2001, Riffle 1998, Wagner et al. 1999). 
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Arundo donax is one of the largest grass species, growing 8-10 m tall in 
dense, many-stemmed clumps arising from shallow, horizontal rhizomes 
(Perdue, 1958). Found in many subtropical and warm-temperate areas of the 
world, the exact origin of this species is unclear. It is naturalized in the 
Mediterranean Region and sometimes reported as native to that region, but 
more recent research indicates that it probably originated on the Indian 
subcontinent (see Else 1996; Bell, 1997; Dudley, 2005). 
 
The combustion analysis indicate that 1 tone of dry biomass combustion 
generates approximately 19 GJ = 5,320 kWh (Electricity for 266 homes for 
1 day, USA data). Compared to coal, Arundo donax produces up to 75% 
calorific value 1 t of dry Arundo donax = 299 liters ethanol in 12 hr process 
time [Lab tests] 430 liters of ethanol /dry tone: theoretical ethanol 
production over time. 
Comparative bio ethanol yield (litres/ha): 
Corn:   4,400 
Switch grass:  4,600 
Sugar cane:  8,800 
Arundo Donax: 11,000 

8.1.2 Reproduction  

Arundo donax blooms during the summer and fall; however, there is no 
record of viable seed production in the US (Bell, 1997; Wijte et al., 2005). 
This species is capable of producing viable (wind-dispersed) seed in its 
native habitat, although the extent of successful sexual reproduction is 
unclear (Lewandowski et al., 2003). Research regarding the mechanism of 
seed sterility and the potential for production of viable seed in the US has 
yet to be conducted. Due to the lack of viable seed, reproduction of giant 
reed in this country is limited to vegetative means. Individual stands expand 
up to 0.5 meters per year through rhizome growth and addition of stems 
(Dudley, 2005). Dispersal occurs through transport of rhizome or stem 
fragments which readily sprout at new locations (Bell, 1997; Wijte, 2005). 
Flood waters are the most common means of transport (Else, 1996; Bell, 
1997); however, improper disposal of plants and transport on machinery 
used for eradication has become a problem in some areas of the West 
(Dudley, 2005; Wijte et al., 2005). Studies have shown that virtually any 
segment of stem or rhizome, even if split sideways, can sprout and grow 
into a new plant if it possesses an auxiliary bud (Boose and Holt, 1999; 
Wijte et al., 2005). Buds occur at the stem nodes (12-30 cm apart) and 
approximately 5-10 cm apart on the rhizomes (Wijte et al., 2005). 
Rhizomes display high regeneration potential year round (Decruyenaere and 
Holt, 2001), while stems show a seasonal depression in sprouting potential 
when temperatures fall below approximately 17 C (Boose and Holt, 1999; 
Wijte et al. 2005). A fairly high percentage of both rhizome and stem 
fragments remain viable for at least a month after separation from the parent 
plant, even with significant desiccation (Else, 1996; Boose and Holt, 1999). 
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Boose and Holt (1999) reported that 50% of rhizomes stored for four 
months under moist conditions sprouted. Rhizomes typically grow within 5-
15 cm of the soil surface but are capable of sprouting from up to one meter 
deep (Else, 1996). Stems are more sensitive to burial under soil and reduced 
sprouting of stem fragments was observed at depths as low as 10 cm (Boose 
and Holt, 1999). 

8.1.3 Origin and distribution  

Three species of Arundo donax occur worldwide in tropical to warm 
temperate regions. Arundo donax is often considered indigenous to the 
Mediterranean Basin or to warmer regions of the Old World, but apparently 
it is an ancient introduction into Europe from the Indian sub-continent (Bell 
1998). In Eurasia it similarly inhabits low-gradient river courses and may 
provide useful wildlife habitat in greatly altered river deltas (Granval et al. 
1993, He 1991). Arundo Donax is naturalized and invasive in many regions, 
including southern Africa, subtropical United States through Mexico, the 
Caribbean islands and South America, Pacific Islands, Australia, and 
Southeast Asia (Hafliger and Scholz 1981). 
 
Through spread and subsequent plantings as an ornamental plant, and for 
use as reeds in woodwind instruments, it has become naturalized throughout 
warm coastal freshwaters of North America, and its range continues to 
spread. It has been planted widely through South America and Australasia 
(Boose and Holt 1999; Bell 1997) and in New Zealand it is listed under the 
National Pest Plant Accord as an "unwanted organism". 
 
Arundo Donax grows abundantly in India, up to 2400 meters above sea 
level in the Himalayas, and it has spread to the east to Burma and China. 
Arundo Donax has also been successfully introduced in South Africa, 
Australia and in many of the islands in the Pacific and Atlantic Oceans. 
Arundo donax has been widely planted throughout the warmer areas of the 
U.S. as an ornamental. 

8.1.4 Localization  

The largest colonies occur in riparian areas and floodplains of medium- to 
large-sized streams, from wet sites to dry river banks far from permanent 
water. It tends to favor low gradient riparian areas (<2% grade) over steeper 
and smaller channels, but scattered colonies are found in moist sites or 
springs on steeper slopes. Populations also occur in the upper estuaries of 
coastal streams. It is often found along drainage ditches, where the plant has 
been used for bank stabilization, and in other moist sites, including 
residential areas where giant reed is used horticultural. While it is usually 
associated with rivers that have been physically disturbed and dammed 
upstream, Arundo Donax also can colonize within native stands of 
cottonwoods, willows, and other riparian species, even growing in sites 

http://en.wikipedia.org/wiki/Ornamental_plant�
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http://en.wikipedia.org/wiki/New_Zealand�
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shaded by tree canopy. Plants establish primarily in streamside sites, but 
expand beyond the margins of riparian vegetation.  

8.1.5 Optimum and minimum conditions for growing 

Generally considered to be a hygrophyte, Arundo donax achieves optimal 
growth when growing near water. However, it easily adapts to many 
ecological conditions and soil types, and once established is quite drought 
tolerant and is capable of growing in fairly xeric conditions (Hoshovsky, 
1987; Lewandowsky et al., 2003). It also tolerates saline conditions and can 
grow near the coast (Else, 1996; Dudley, 2005). Giant reed is a C3 plant, yet 
it displays the unsaturated photosynthetic potential of C4 plants, and is 
capable of extremely high photosynthetic rates (Papazoglou et al., 2005). 
This, in combination with high water use and relatively good water use 
efficiency result in giant reed being one of the most productive plant species 
in the world, growing up to 10 cm per day under optimal conditions 
(Perdue, 1958; Bell, 1987; Newhouser et al., 1999). As a result, the potential 
to out compete neighboring plants is quite high. 
 
Soil preferences are broad, as Arundo donax is known from coarse sands to 
gravelly soil to heavy clays and river sediments. It grows best in well 
drained soil with ample moisture, from freshwater to semi-saline soils at 
margins of brackish estuaries. In Egypt, Rezk and Edany (1979) found that 
Arundo Donax tolerates both higher and lower water table levels than 
Phragmites australis, which is native to California. 
Arundo Donax typically grows on sites with a low slope in riparian areas, 
floodplains, ditches, and irrigation canals. In the eastern United States, with 
average rainfall above 30 inches, it can grow in upland sites, such as 
windbreaks or in ornamental settings. Arundo Donax occurs in a wide range 
of soils types, with variable fertility, but grows best in well-drained moist 
soils. Plants tolerate some salinity and extended periods of drought; 
however they do not survive in areas with prolonged or regular periods of 
freezing temperatures (DiTomaso and Healy, 2003). 

8.1.6 Cultivation and Uses 

Arundo donax has been cultivated throughout Asia, southern Europe, 
northern Africa, and the Middle East for thousands of years. Ancient 
Egyptians wrapped their dead in the leaves. The canes contain silica, 
perhaps the reason for their durability, and have been used to make fishing 
rods, walking sticks, and paper. 
 
The stem material is both strong and flexible. It is the principal source 
material for reeds for woodwind instruments such as the oboe, bassoon, 
clarinet, and saxophone. It is also often used for the chanter and drone reeds 
of many different forms of bagpipes. Arundo donax has been used to make 
flutes for over 5,000 years. The pan pipes consist of ten or more reed pipes. 
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Its stiff stems are also used as support for climbing plants or for vines. 
Further uses are walking sticks, and fishing poles.  
 
Since Arundo Donax species grow rapidly, their use has been suggested for 
biomass for energy and a source of cellulose for paper; at least one North 
American paper mill was considering planting it for a source of pulp fiber 
(Samoa Pacific, on Humboldt Bay, CA, in 2002), but abandoned the plan by 
early 2003. Arundo Donax is a giant perennial grass that produces more 
biomass per acre per year than any other known biomass plant. Arundo 
Donax has long been recognized as important non-wood industrial biomass-
producing plants that can be grown on a wide variety of soil types and 
climatic conditions. Arundo Donax reaches maturity (15 to 25 feet) in about 
a year, can be harvested, depending on climate, once to three times 
annually. 
 
Arundo donax produces an average of 25 tons of high quality fiber per acre 
twice annually. One of its most significant uses will be to produce chips for 
the manufacture of high-grade biofuel pellets or dried chips. Highly 
significant also is the importance of a crop with a greater than 20 to 25 year 
growing cycle without annual replanting, and the ability to exclude many 
costly fertilizers and weed killers which are also an environmental concern, 
that will return agriculture to a more profitable basis than many crops. 
 
Arundo donax is an ideal biofuel (8,000 BTU’s/lb) that produces methanol 
from gas diffusion as a byproduct in manufacturing cellulose. The option to 
gasify this product is to produce independently a valuable energy product. It 
is possible to utilize new high efficiency gasification systems to convert 
Arundo donax into a multitude of different energy sources, such as syngas, 
standard steam turbine electrical generation, ethanol and bio-diesel. 

8.1.7 Arundo donax as an invasive species 

Arundo donax has been nominated as one of the top 100 Worst Invaders of 
the World by the Invasive Species Specialist Group of the World 
Conservation Union22. 
 
It is among the fastest growing terrestrial plants in the world (nearly 10 cm/ 
day; Dudley, 2000). To present knowledge Arundo donax does not provide 
any food sources or nesting habitats for wildlife. This results in resources 
provided by the crowded-out native plants not being replaced by Arundo 
donax (Bell 1997; Mackenzie 2004). For example, it damages California's 
riparian ecosystems by outcompeting native species, such as willows, for 
water. 
 
Although it has often been stated that Arundo donax provides no benefit for 
native wildlife, Arundo donax has in fact been found to be used by some 
wildlife. However, Arundo donax still provides little value for native 

                                                 
22 http://www.issg.org 
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wildlife in comparison to native vegetation, especially when it forms large, 
monotypic stands. Wildlife such as wood rats and coyotes, and many bird 
species have been found using Arundo donax for cover and nesting 
(Greaves). Two endangered bird species, Least Bell’s vireo and the 
Southwestern willow flycatcher, have been found to use Arundod donax as 
a nest host. Least Bell’s vireos have been found nesting on Arundo donax 
along the Santa Clara River and the San Luis Rey River. On the Santa Clara 
River from 1994 to 1999 approximately 5% of the vireo nests were recorded 
on Arundo donax (Greaves, pers. comm.), and on the San Luis Rey River 
from 1988 to 2000 there were approximately 0.5% on Arundo donax (5 out 
of a total of 906 nests) (Kus, pers. comm.). Although Arundo donax may 
provide a nest site or nest concealment, the entire territory of these birds 
encompasses areas with native vegetation. More data is needed to fully 
understand the use of Arundo donax by native wildlife in comparison to the 
native habitat, and the degree of Arundo donax usage in proportion to its 
abundance. Data is also needed on the use of Arundo donax by arthropods, 
the main food source for many bird species. 
 
Arundo donax stems and leaves contain a variety of harmful chemicals, 
including silica and various alkaloids, which protect it from most insect 
herbivores and deter wildlife from feeding on it (Bell 1997; Miles et al. 
1993; Mackenzie 2004). Grazing animals such as cattle, sheep, and goats 
may have some effect on it, but are unlikely to be useful in keeping it under 
control (Dudley 2000). 
 
Arundo donax appears to be highly adapted to fires, which are unusual in 
native Californian riparian habitat. It is highly flammable throughout the 
year, and during the drier months of the year (July to October), it can 
increase the probability, intensity, and spread of wildfires through the 
riparian environment, changing the communities from flood-defined to fire-
defined communities. After fires, Arundo donax rhizomes can resprout 
quickly, outgrowing native plants, which can result in large stands of 
Arundo donax along riparian corridors (Bell 1997; Scott 1994). A waterside 
plant community dominated by Arundo donax may also have reduced 
canopy shading of the in-stream habitat, which may result in increased 
water temperatures. This may lead to decreased oxygen concentrations and 
lower diversity of aquatic animals (Bell 1997). 

8.1.8 Arundo donax as a competitor 

Within its introduced range, Arundo donax is an aggressive competitor. 
Arundo donax flowers in late summer with a large, plume-like panicle. 
Fortunately for California land managers, the seeds produced by Arundo 
donax in this country are seldom, if ever, fertile. It is not known if this is 
because of clonal isolation or because of the physiological effects of climate 
as has been observed in the related Phragmites communis Trin. (Haslam 
1958; Rudescu et al. 1965). 
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Arundo donax is well adapted to the high disturbance dynamics of riparian 
systems as it spreads vegetatively. Flood events break up clumps of Arundo 
donax and spread the pieces downstream. Fragmented stem nodes and 
rhizomes can take root and establish as new plant clones. Thus invasion, 
spread, and therefore management, of Arundo donax is essentially an intra-
basin and downstream phenomenon.  
 
Once established, Arundo donax tends to form large, continuous, clonal root 
masses, sometimes covering several acres, usually at the expense of native 
riparian vegetation which cannot compete. Root masses, which can become 
more than a meter thick, stabilize stream banks and terraces (Zohary and 
Willis 1992), altering flow regimes. Arundo donax is also highly flammable 
throughout most of the year, and the plant appears highly adapted to 
extreme fire events (Scott 1994). While fire is a natural and beneficial 
process in many natural communities in southern California it is a largely 
un-natural and pervasive threat to riparian areas. Natural wild fires usually 
occur during rare lightening storm events in late fall, winter, and early 
spring. Under these conditions the moist green vegetation of riparian areas 
would normally act as a fire break. Human-caused wild fires, in contrast, 
often occur during the driest months of the year (July through October). 
Drier conditions in riparian zones at this time of year make them more 
vulnerable to fire damage. Because Arundo donax is extremely flammable, 
once established within a riparian area it redirects the history of a site by 
increasing the probability of the occurrence of wildfire, and increasing the 
intensity of wildfire once it does occur. If Arundo donax becomes abundant, 
it can effectively change riparian forests from a flood-defined to a fire-
defined natural community, as has occurred on the Santa Ana River in 
Riverside County, California. Arundo donax rhizomes respond quickly after 
fire, sending up new shoots and quickly outgrowing any native species 
which might have otherwise taken root in a burned site. Fire events thus 
tend to help push riparian stands in the direction of pure Arundo donax. This 
results in river corridors dominated by stands of Arundo donax with little 
biological diversity. 

8.1.9 Disposal 

Both treated and non-treated stems can be left on-site to decompose, 
although they break down very slowly. If left to compost, keep the debris 
well away from water. For stems that have not been chemically treated and 
in areas where it is feasible, the debris can be burned. Otherwise, the canes 
can be chipped into very small pieces for mulching. Chipped material can be 
disposed of either in green waste containers, or spread out to dry and 
possibly sprayed with herbicide if any regrowth occurs from chipped debris 
(Mackenzie 2004). 
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8.1.10 Conclusion 

Advantages 
• Huge biomass yields [over 45 t/ha/year] without pesticides 

(environmentally friendly). Its yield is much higher than those of 
Eucalyptuses; 3 times the biomass yield of forage sorghum, 

• Can remove large amounts of nutrients and water from wastes, 
• Potential for treating saline wastewaters or pollutants (bioremediation), 
• Does not produce viable seed; weed risk managed by site selection and 

crop hygiene, 
• Tolerates extreme salinity: a halophyte Tolerates; water logging, salinity, 

drought and pH ranges from 3-9. 
 
Disadvantages 
• Arundo donax could prove to be an invasive species that could do 

considerable harm to the ecology. It interferes with levee maintenance 
and wildlife habitat management. 

• Arundo donax displaces native plants and associated wildlife species 
because of the massive stands it forms .Competition with native species 
has been shown to result from monopolization of soil moisture and by 
shading. 

• Arundo donax is also suspected of altering hydrological regimes and 
reducing groundwater availability by transpiring large amounts of water 
from semi-arid aquifers. It alters channel morphology by retaining 
sediments and constricting flows, and in some cases may reduce stream 
navigability. 

• Dense growth presents fire hazards, often near urbanized areas, more 
than doubling the available fuel for wildfires and promoting post-fire 
regeneration of even greater quantities of Arundo donax. 

• Uprooted plants also pose clean-up problems when deposited on banks or 
in downstream estuaries and during floods create hazards when trapped 
behind bridges and other structures. 

 
As a first impression the cultivation of Arundo donax seems to be feasible 
on the Bahamas. The grass is adapted to tropic climate conditions and some 
salinity in the soil is not a limiting factor for a successful production and 
optimistic yields. But, on the other hand, the introduction of Arundo donax 
as energy crop means the introduction of an invasive species to the 
Bahamas. Currently it can not be estimated which environmental or 
economical effects result from the cultivation of a plant not originally 
growing on The Bahamas. Therefore, we do not recommend using Arundo 
donax as a feedstock for biomass power plants on The Bahamas. 

8.2 Technologies of microalgae as an energy source  

Microalgae convert sunlight, carbon dioxide and water into algal biomass by 
photosynthesis. Due to microalgae’s simple cellular structure and as they 
grow in aqueous suspension they have better access to water, CO2 and other 
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nutrients, they are more efficient converters of solar energy than higher 
plants. Growth rates can be increased by enriching the suspension with 
carbon dioxide from flue gases from power plants, cement or lime works. In 
the aquatic environment - marine and fresh water habitats – there are more 
than 40,000 species of microalgae. They each have different environmental 
requirements for growth and their composition as regards lipids, protein 
content etc. varies. 
 
Depending on species and conditions of growth, microalgae have a number 
of high value constituents like high protein content, amino acids, 
carbohydrates, lipids, vitamins, pigments and enzymes which are used in the 
pharmaceutical industry, as well as for cosmetics, food supplement, health 
food and in animal feed. Manufacturing building materials can be a further 
application for microalgae. Due to their fast growth and their oil content it is 
also possible to produce biofuels like biodiesel, bioethanol, methane and 
biohydrogen. Regarding biodiesel production, the microalgae residue after 
oil extraction still contains proteins and may be used as animal feed. 
 
Currently microalgae are cultivated commercially for human nutritional 
products in small- to medium- scale production systems. The main algae 
species currently cultivated are Spirulina, Chlorella, Dunaliella and 
Haematococous. The world production of these microalgae is estimated at 
about 10,000 tons per year. 
 
The concept for converting microalgae biomass into biogas was suggested 
in the early 1950s. In 1960 Oswald and Golueke announced a conceptual 
analysis in which large ponds would be used to grow microalgae. The 
microalgae biomass would be digested to methane gas and fired to generate 
electricity, with the flue gas from this process recycled to the ponds to grow 
additional microalgae biomass. In response to the energy crisis of the early 
and mid 1970s, the concept was revived. The US Department of Energy 
(DOE) established the National Renewable Energy Laboratory (NREL), 
which conducted a 16 year long research project under the Aquatic Species 
Programme (ASP) to investigate the use of microalgae as a source of 
energy. R & D projects at power plants are underway to study the 
possibilities of fixing CO2 in microalgae. 
 
In addition, Microalgae grow in wastewater. Therefore they can be applied 
for municipal wastewater treatment, where they perform a waste purifying 
function. Applications in waste water treatment still require further R & D.  

8.2.1 Cultivation requirements 

Optimal environmental and nutritional factors (particularly light, 
temperature, nutrients, carbon dioxide and, for marine microalgae, salinity) 
are very important for growth because they influence the biochemical 
composition of microalgae. In addition, growth requirements vary from 
species to species. In the following we describe the most important 
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environmental factors, present requirements in general, and provide an 
overview on microalgae cultivation. 
 
Temperature and Light 
Temperature must remain generally within 20 to 30°C.  
 
The full intensity of daylight inhibits microalgae growth because light 
saturation constants for microalgae tend to be much lower. The graph in 
Figure 8-3 shows the effect of light intensity on the specific growth rate of 
microalgae. At low irradiance, growth increases with irradiance at an ever-
decreasing rate up to the light-saturation value. At irradiance above the 
optimum growth rate, a decline sets in. 
 

 
Figure 8-3: Photosynthetic Light-Response Curve  

  (source: According to Chisti Y) 
 
Nutrition 
It is important to supply nutrients to microalgae in culture as these are 
responsible for microalgae cell composition and to ensure high yields of 
biomass. About 30 inorganic elements and at least as many organic 
compounds can be utilised by algae for nutrition C, N and P, of importance 
are also S, K, Na, Fe, Ca and trace elements such as B, Cu, Mn, Zn, Mo, Co, 
V and Se. 
 
Carbon dioxide 
Feeding microalgae with CO2 is controlled in response to signals of pH 
value, which should be nearly neutral at pH 7. During photosynthetic CO2 
fixation, OH-accumulates in the growth solution. Thereby the solution 
becomes alkaline, leading to a gradual rise in pH. Counteracting this rise, 
CO2 dissolved in water reacts to form carbonic acid, which leads to a 
gradual fall in pH. Therefore, maintaining the pH at equilibrium by direct 



 
 

 
7399P02/FICHT-6472615-v1  8-11 

 

CO2 injection into the culture media is a convenient method of pH control, 
supplying CO2 for high biomass yields and minimizing loss of CO2. 
 
A further important point is that microalgae respire, especially during the 
night so the organic carbon is converted back into CO2. As much as 25% of 
the biomass produced during daylight may be lost during the night. 
Respiration and night biomass loss depends on the relative concentration of 
O2 and CO2 in the growth medium, temperature, light irradiance during the 
day and the temperature at night. 

8.2.2 Technologies for mass cultivation of microalgae 

Microalgae are cultivated either in open systems like open ponds or closed 
systems, also called photobioreactors (PBR). Many different approaches 
have been developed. In the following we provide an overview of diverse 
technologies for microalgae production, showing the main systems and their 
essential differences. Currently application as well as research and 
development are focused on raceway ponds and tubular photobioreactors, so 
the main focus is on these two technologies. 

8.2.2.1 Photobioreactors 

There are various types of photobioreactors available, which can be 
classified on the basis of design or mode of operation. A design 
classification includes tubular or flat photobioreactors, horizontal, inclined, 
vertical or helical and as a manifold or a serpentine. In operational terms the 
main categories are air or pump mixed, and single-phase reactors that are 
filled with media, with gas exchange taking place in a separate gas 
exchanger or two-phase reactors in which both gas and liquid are present 
and continuous gas mass transfer takes place in the reactor itself. In 
addition, various construction materials like glass or plastic are used. 
Devices to control temperature, pH, O2 levels and optical density are 
important in every photobioreactor. Moreover, various photobioreactors 
technologies are still under development. 
 
A tubular photobioreactor consists of an array of straight transparent tubes, 
generally 0.1 m or less in diameter and usually made of glass or plastic. 
Often, the tubes are arranged horizontally, like a fence. A flat 
photobioreactor looks like a solar panel and has a good surface to volume 
ratio due to its compact design. These flat bioreactors are constructed from 
commercially available transparent PVC, polycarbonate or polymethyl 
metharcrylate sheets that are internally partitioned to form narrow channels. 
Likewise, flat panel bioreactors can be of glass, but without channels.  
 
To ensure high biomass productivity, tube diameters and flat panel thickness 
are limited because light does not penetrate deeply into the dense culture 
broth. Microalgae broth is circulated by a mechanical or airlift pump at a 
certain rate to ensure turbulent flow. In addition, some designs of flat panel 
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photobioreactors contain static blenders that together with streaming gas 
bubbles further generate turbulence. The broth circulates from a reservoir, 
which forms the degassing column to the photobioreactor and back to the 
reservoir. The degassing column removes the dissolved oxygen generated 
by photosynthesis because excess oxygen can damage microalgae cells. 
High flow rates, and in some cases granulate (solar tubes), prevent biomass 
sedimentation. 
 
Periodically, photobioreactors must be cleaned and sterilized. This is easily 
done with automated clean-in-place techniques. The following photos show 
examples of tubular and flat photobioreactors as well a schematic sketch of 
a tubular photobioreactor. Photobioreactors that supply microalgae with 
light via optical fibres may be buried. The light is captured by the fibres at 
the focal point of a parabolic mirror and then gets transported to and 
distributed in the photobioreactor by light tubes. 
 

 
Figure 8-4: Photobioreactors 

(Source: Drawing according to Chisti Y.) 
 
Microalgae mass cultivation in closed photobioreactors can prevent or 
minimise contamination of microalgae, offer better control over culture 
conditions, avoid evaporation and reduce CO2 losses due to outgassing. 
Thereby, it can attain higher yields per volume. Despite many advantages of 
cultivation in photobioreactors, closed systems can suffer from several 
drawbacks, like overheating, build-up of oxygen or biofouling. However, 
the main limitation of closed systems is in scaling up, because 
photobioreactors are expensive to build and operate compared to raceway 
ponds. 

8.2.2.2 Open ponds 

Open ponds are shallow, constructed basins (Figure 8-5). There are various 
types, but only few are used for commercial production of microalgae. The 
most common constructed open ponds are raceway ponds, comprising a 
closed recirculation channel loop that may be dug in the ground or built of 
concrete or compacted earth, and possibility covered with plastic sheets. 
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Raceway ponds are typically about 30 cm deep. A paddlewheel generates 
the microalgae broth’s flow and also prevents sedimentation. The flow is 
guided around bends by baffles placed in the flow channel.  
 

 
Figure 8-5: Open Ponds (source: According to Chisti Y) 
 
Due to of the open system, evaporation of water to the atmosphere cannot 
be prevented and so use of CO2 is less efficient than in photobioreactors. In 
addition there is a high risk of contamination by fungi, bacteria and 
protozoa. Compared to Photobioreactors growth rates are lower because 
raceway ponds and other open culture systems are poorly mixed and cannot 
sustain an optically dark zone. Their advantage over closed systems is that 
they cost less to build and operate.  
 
Natural open ponds: 
Natural ponds may be lakes with suitable climatic conditions, sufficient 
nutrients and the right water chemistry for microalgae cultivation. In central 
Myanmar for example, microalgae grows throughout the year in four old 
volcanic craters filled with alkaline waters. 
 
According to Mr. Benemann, who has been working in the area of biofuels, 
in particular microalgae biofuels, and environmental biotechnologies for 
over 30 years mass cultivation in alkaline seas is not applicable to algae 
production for biofuels. The following listing shows main reasons why 
cultivating in natural ponds or wetlands may not be possible: 
 
• If algae do not exist in wetlands, algae may contaminate the existing 

environment.  
• Control of parameters for high productivity may not be possible 
• Controlled mixing of growth medium for high productivity may not be 

possible 
• Harvesting of microalgae may be a challenge. 
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8.2.2.3 Comparison of Open and Closed Systems 

As already noted, the growth rates of microalgae depend on various factors 
like temperature, light, nutrients requirements, species of algae and also the 
system in which they are cultivated. Hence, growth conditions influence the 
productivity and composition of microalgae, resulting in different growth 
rates. For example, microalgae cultivated under sufficient nitrogen grow 
rapidly and their main storage product is protein. Under nitrogen-limited 
conditions microalgae still continue to grow, albeit at a reduced rate and the 
stored proteins may be converted into lipids. It must be pointed out though, 
that microalgae’s productivity is stated in g/m²/d but in publications it is not 
always clear whether productivity is based on facility area or photoactive 
area. Facility area is the footprint of the microalgae production installation 
whereas photoactive area only relates to the surface where photosynthesis 
takes place. Due to different growth conditions and unclear information on 
productivity measurements, as mentioned above, it is difficult to compare 
productivities of microalgae. The following table shows different growth 
rates, but not considering growth conditions. 
 

Unit Open system Closed system
[g m-2 d-1] 35c 48a ;  72b

[g m-2 d-1] 10 - 20 d 35 - 40d ; 80-100d,e,g

[g m-2 d-1] 20-25d,e ; 12-13d,f 28d

[g m-2 d-1] 11h;25a ; 32b
 

(afacility area, bphotoactive area, cponds area, dnot specified, eshort term production, flong 
term production, g3 D Matrix, hannual average) 
 
Table 8-1: Several microalgae productivities 

(Based on: Chisti Y., Pulz O., Tredici M., Bioprodukte Prof. Steinberg 
GmbH) 

 
The following assumption gives an overview of the annual algal biomass 
and biodiesel production in reference to the above mentioned growth rates 
an 1 ha available area. 
 

Area available [m²] 10,000 10,000
Growth rate*1 [kg/m²/d] 0.048 0.035
Operating days [d/yr] 365 365
Annual biomass production [kg/yr] 175,200 127,750
Oil content*2 [%] 30% 30%
Algal oil yield [kg/yr] 52,560 38,325
Biodiesel conversion factor
(1 kg of oil results in about 1 kg of biodiesel under 
optimal conditions)*3 [%] 95% 95%
Biodiesel yield in kg [kg/yr] 49,932 36,409
Density Diesel*4 [l/kg] 0.83 0.83
Biodiesel yield in liter [l/yr] 41,444 30,219
(*1, 2Chisti Y., *3 Mata, Martins, Caetano, *4 Energy 2.0)

Closed system Open systemUnit

 
Table 8-2: Assumption of biomass and biodiesel production in Open Ponds and PBR 
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In order to achieve higher growth rates and consequently higher biodiesel 
production per area, the cultivation technology is still an area under 
development.  

8.2.3 Harvesting 

Harvesting is still an active area of Research and Development since the 
conventional harvesting methods e.g. centrifugation, chemical flocculation 
or membrane filtration, currently are too costly for biodiesel production. 
Low-cost harvesting processes have been proposed, however remain to be 
demonstrated and tested for the special algal species. 

8.2.4 Biodiesel Production 

After harvesting, depending on process normally drying, cell breakage and 
oil extraction are required. The most common drying processes are spray-
drying, drum-drying and freeze-drying whereas spray drying is too costly 
for algae low value products like biodiesel.  
 
Lipids and fatty acids have to be extracted for biodiesel production. 
Depending on algal species, several methods can be applied for cell 
disruption and oil extraction. This can be done through mechanical, 
chemical or other methods. The following table gives an overview of some 
oil extraction methods. 
 

Mechanical methods Chemical methods Other methods 

Expression / Crushing Hexane solvent method Osmotic shock 
Ultrasonic extraction Soxhlet extraction Enzymatic extraction 

 
Other methods are also possible. This is also an area of Research & 
Development to optimize the processes for low cost value products like 
biodiesel. 
 
The conversion of algal oil into biodiesel is done by the transesterfication 
process. The transesterfication process is a multiple step reaction where 
triglycerides (fat / oil) with alcohol are converted to esters (biodiesel) and 
glycerol (by product). This will be done in biodiesel refineries. 

8.2.5 Overview microalgae projects worldwide  

In the following we provide an overview on research and development for 
the industrial production of biomass from microalgae. Some producing 
facilities are described, too. 
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Project name Aquatic Species Program (ASP) 

Project Type Research project 
Location USA  

Technology Open Pond System 
Firm • United States Department of Energy (DOE) 

• National Renewable Energy Laboratory (NREL) (established by 
DOE) 

Project  
Description 

• The Aquatic Species Program was a 16 year long research 
program in the United States launched in 1978 to investigate the 
use of microalgae as a source of energy. This research included 
identifying suitable algae species and optimal cultivation 
processes as well as testing open pond systems. 

Source http://www.nrel.gov/biomass/pdfs/jarvis.pdf  
 

 
Project Name Biofuels Pilot Project 
Project Type Pilot Project 
Location Australia 

Technology Open Saline Ponds 
Firm • Murdoch University in Perth, Western Australia 

• University of Adelaide in South Australia 
Project  
Description 

• A joint $3.3 million project proved the possibility to grow large 
quantities of algae for biofuel in open ponds without 
contamination.  

• This is the only biofuel project in Australia working 
simultaneously on all steps in the process of microalgae 
biofuels production, from microalgae culture, harvesting of the 
algae and extraction of oil suitable for biofuels production. 

Source http://www.adelaide.edu.au/news/news36561.html 
Newswise Science News 
http://biotech.sujanani.com/news/?p=22002239  

 

Project Name Greenhouse Gas Mitigation Project (GGMP) CO2 Fixation 
Project Type R & D project from 2005 - 2007 
Location Germany  
Technology Photo bioreactor, Marine algae 
Firm • Jacobs-University Bremen 

• Novagreen, 
• BlueBioTech GmbH 
• Alfred-Wegener Institut 
• E.ON 

Project  
Description 

• Using flue gas from E.ON’s 350 MW coal-fired power plants in 
Bremen to convert CO2 into biofuels, bioplastics and building 
material. In order not to dissipate valuable freshwater 
resources, marine microalgae were cultivated in 24 vertical 
tubes located in a 12 m² greenhouse. 

Source http://www.irccm.org/greenhouse/index.html  

http://www.nrel.gov/biomass/pdfs/jarvis.pdf�
http://biotech.sujanani.com/news/?p=22002239�
http://www.irccm.org/greenhouse/index.html�
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Project Name 2007 – 2008 Algae demonstration facility 

Project Type R & D 
Location USA 
Technology Open Ponds System 
Firm • Green Star Products, Inc (GSPI) 

http://www.greenstarusa.com/products.html  
 

Project  
Description 

• In 2007, GSPI built and operated one of the largest algae 
demonstration facilities in the world – a 40,000-liter algae 
facility that ran for 9-months to provide information and data 
required for commercial production. 

• Green Star is currently working to set into motion some of the 
first high-production algae production facilities in the United 
States. 

Quote http://www.greenstarusa.com/news/08-05-09.html  
 
 
Project Name Algae-to-Biofuel, Rio Hondo 
Project Type Large Scale research project 
Location USA 
Technology Closed cultivation pods 
Firm • PetroSun  
Project 
Description 

• PetroSun's operations include oil and gas exploration, 
development and production and algae-to-algal oil alternative 
fuels production. 

• The Rio Hondo, Texas algae farm started operation in 2008 as 
PetroSun's initial commercial algae-to-biofuels facility. 

• The algae farm consists of 1,100 acres of saltwater ponds 
Source http://www.petrosuninc.com/  
 
 

Project Name Algae biofuel production in Chile 
Project Type Pilot Project 
Location Chile 
Firm • BAL Chile (a subsidiary of United States corporation Bio 

Architecture Lab (BAL) 
• San José 
• Numerous Universities, including Los Lagos University 

Project  
Description 

• Construction of a pilot plant of 100 ha (Region of Los Lagos) 
in which sea weed will be used to produce ethanol 

• Invested with 5 million USD  
Source Merco Press South Atlantic News Agency 

http://en.mercopress.com/2009/11/25/future-algae-bio-fuel-production-
confirmed-in-southern-chile 

http://www.greenstarusa.com/products.html�
http://www.greenstarusa.com/news/08-05-09.html�
http://www.petrosuninc.com/�
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Project Name Development of new technologies to transform algae into oil 

Project Type R & D 
Location USA 
Technology Helix BioReactor™ (a rotating vertical shaft with very low energy lights 

arranged in a helix or spiral pattern) 
Firm • OriginOil, Inc.  
Project  
Description 

• OriginOil is employing several next-generation technologies to 
greatly enhance algae cultivation and oil extraction, and to 
allow scalable industrialization of this process to make algae a 
high-yield, cost-competitive replacement for petroleum. 

Source http://www.originoil.com/index.php  
 
 
Project Name IEA Greenhouse Gas R&D Programme 

Project Type R & D 
Location International 
Technology Open Pond system 

Institution •  International Network on Biofixation of CO2 and Greenhouse 
Gas Abatement with Microalgae 

Project  
Description 

The objective of the Microalgae Biofixation Network is to promote 
the research and development of microalgae-based greenhouse gas 
abatement technologies over a ten year time horizon. These 
objectives will be accomplished through: 
o Information sharing and co-ordination of R&D projects 

carried out by Network members  
o Development of bi- and/or multi-lateral R&D projects among 

members  
o Technical assistance provided by technical advisers in the 

evaluation of proposed processes and R&D projects  
o Supporting techno-economic analyses and resource 

assessments  
o Organisation of technical meetings and technical resources  
o Develop a periodic updating of a ‘Roadmap’ that details 

feasible processes and R&D approaches 
Source http://www.co2captureandstorage.info/networks/Biofixation.htm 

 
 

Project Name Microalgae for CO2 fixation 
Project Type Research Project 

Location Germany 
Technology Flat - Panel - Airlift - Reactor (FPA) 
Firm • EnBW 

• Subitec Gmbh 
http://en.subitec.com/company/  

Project 
Description 

• It operates a 400 m² pilot plant that produces Omega-3 fatty 
acids and the red pigment astaxanthin that can be used for 
cosmetics or as feed for salmon and trout.  

• Intending to convert the remaining microalgae biomass to 
biodiesel or biogas a research project in collaboration with 
EnBW is taking place. In addition CO2 from flue gas from a 
biogas combined haet and power unit is used. 

Quote http://en.subitec.com/microalgae-pilotplants/  
 

http://www.originoil.com/index.php�
http://en.subitec.com/company/�
http://en.subitec.com/microalgae-pilotplants/�
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Project Name Technologies for developing microalgae resources  
TERM (Technologie zur Erschließung der Ressource Mikroalge) 

Project Type Pilot Project 
Location Germany 
Technology Photobioreactor 
Firm • E.ON Hanse 

• SSC GmbH 
• University Hamburg 
• TU Hamburg – Harburg 
• Hamburg Authority for Urban Development and Environment 

Project 
Description 

• The pilot project is connected to a combined heat and power 
block with the aim of testing basic technologies and to scale up 
projects for efficiently and economically eliminating CO2 from 
flue gas.  

 
Quote http://www.bergedorfer-zeitung.de/vier-und-

marschlande/article30364/CO2_Killer_auf_dem_Vormarsch.html  

 

 
Project Name Shell Oil Marine Algae 
Project Type Pilot Plant 
Location Hawaii USA  
Technology Open Pond System 
Firm • Royal Dutch Shell Hawaii 

• HR BioPetroleum 
Project  
Description 

• The goal is to research which natural microalgae species 
produce the highest yields biofuels. 

• To explore the potential of algae to capture CO2 from power 
plants 

• The next step would be construction of a demonstration-scale 
commercial facility about 1,000 hectares 

Quote http://green.autoblog.com/2007/12/12/shell-oil-to-grow-biofuels-from-
marine-algae/  

 

Project Name The RWE-Algae Project CO2-Fixation 
Project Type Pilot Project 
Location Niederaußem, Germany  
Technology Photobioreactors 
Firm • RWE Power AG 

• Jacobs University Bremen 
• Forschungszentrum Jülich GmbH 
• Phytolutions GmbH 

Project 
Description 
 

• The pilot plant is 600 m², the algae are cultivated with flue gas 
from the coal-fired power plant 

Quote http://www.rwe.com/web/cms/en/213188/rwe-power-ag/climate-
protection/coal-innovation-centre/rwes-algae-project/  

http://www.bergedorfer-zeitung.de/vier-und-marschlande/article30364/CO2_Killer_auf_dem_Vormarsch.html�
http://www.bergedorfer-zeitung.de/vier-und-marschlande/article30364/CO2_Killer_auf_dem_Vormarsch.html�
http://green.autoblog.com/2007/12/12/shell-oil-to-grow-biofuels-from-marine-algae/�
http://green.autoblog.com/2007/12/12/shell-oil-to-grow-biofuels-from-marine-algae/�
http://www.rwe.com/web/cms/en/213188/rwe-power-ag/climate-protection/coal-innovation-centre/rwes-algae-project/�
http://www.rwe.com/web/cms/en/213188/rwe-power-ag/climate-protection/coal-innovation-centre/rwes-algae-project/�
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Project Name San Diego’s algae biofuel industry 
Project Type R & D 
Location San Diego USA 
Technology Open Pond System 
Firm • ExxonMobil 

• San Diego biotech company 
Project 
Description 

• The company build an Algae Centre to research and improve 
the development of algae industry. The algae industry 
employees more than 500 workers, generates $25 million in 
wages and contributes $63 million to the general economy. The 
company plans Tuesday morning to invest $600 million with 
SGI to develop the next generation of photosynthetic algae bio 
fuels. 

Quote http://www.sdnn.com/sandiego/2009-07-14/business-real-
estate/mobilexxon-investment-lifts-san-diego%E2%80%99s-algae-
biofuel-industry  

 
 
Project Type R&D program 
Location Japan 
Technology Photobioreactors 
Firm • a large number of private companies 

• collaborative work with several research institutes and 
universities 

Project  
Description 
 
 
 
 

• The program was carried out during the 90´s to focus on select 
algae with tolerance to high CO2, temperature, salinity, high 
growth rates, maximum cell densities and O2 evolution rates. 

• This project demonstrated that power plant flue gases can be 
used directly in a stable algal production in open raceway 
ponds. 

 
Quote http://www.netl.doe.gov/publications/journals/vol1/Papers/136-150.pdf  
 

8.2.6 Environmental risks 

The above mentioned projects do not describe environmental risk regarding 
microalgae cultivation and biodiesel production. Beneath environmental 
advantages as CO2 fixation and reduction of fossil fuel usage, Fichtner 
assumes that also some environmental risk may arise with the application of 
this new technology: 
 
• Foreign algae species can course a potential risk for the nearby bays and 

sea. 
• Lack within a saline water algae cultivation system may contaminate 

underground freshwater resources: 
• The foreign algae can have a negative impact on the natural balance of 

the wetlands: 
• Application of pesticides may be required due to contamination of open 

ponds through bacteria, insects etc. 
• High water consumption. 
• Road construction, compounds may effect local wildlife and environment 

http://www.sdnn.com/sandiego/2009-07-14/business-real-estate/mobilexxon-investment-lifts-san-diego%E2%80%99s-algae-biofuel-industry�
http://www.sdnn.com/sandiego/2009-07-14/business-real-estate/mobilexxon-investment-lifts-san-diego%E2%80%99s-algae-biofuel-industry�
http://www.sdnn.com/sandiego/2009-07-14/business-real-estate/mobilexxon-investment-lifts-san-diego%E2%80%99s-algae-biofuel-industry�
http://www.netl.doe.gov/publications/journals/vol1/Papers/136-150.pdf�
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• The production of biodiesel requires transesterfication which will be 
done in biodiesel refineries. This is a chemical process with its associated 
risks, e.g. fire, pollution of freshwater, wastewater, toxicity 

 
The sustainability of microalgae cultivation has been doubted. With the 
current status of technology the energetic input for cultivating, harvesting, 
and converting microalgae are still often higher than the yielded output. 
This picture may change once species with higher output are found and 
cultivation plants are enlarged and optimised promising higher yields and 
lower energetic input.  

8.2.7 Conclusion 

The cultivation of microalgae for the production of biodiesel is not a near-
term commercial prospect. Possible applications in the near term are 
designed mainly for wastewater treatment plants. 
 
Large-scale algal biodiesel production still requires considerable long-term 
R&D. This includes further developments of large scale cultivation, 
harvesting, and oil extraction systems.  
 
For biodiesel production the technologies for microalgae cultivation have to 
be improved to reach higher growth rates per used area while reducing total 
production costs. In addition the selection of appropriate algae species has 
to be made carefully, depending on the local climate conditions and the need 
for the resulting product (e.g. biodiesel). 
 
There are several ongoing pilot projects and research activities worldwide 
which deal with the development of algae cultivation and biodiesel 
production. 

8.3 Assessment of used edible oil 

8.3.1 Potential  

Vegetable oils that are used for food processing are extracted in oil mills by 
pressing and extraction of seeds of various oil crops. The oils mainly consist 
of glycerin with three attached fatty acid molecules and have one of the 
highest energy densities that can be achieved by photosynthesis. 
 
Vegetable oils applied in the catering sector are normally used till the 
thermostability is considerably decreased. In smaller quantities they are also 
used on a one-application basis. Even though the oil is exchanged due to 
reduced usability for catering, the energy content remains more or less the 
same compared with fresh vegetable oil. An impact that can lower the 
heating value of used oils is the possibility of impurities from utilization or a 
certain water content. 
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An other impact which can limit the use of waste cooking oils for 
combustion processes or the production of biodiesel are high free fatty acid 
levels which can increase corrosion, e.g. in engines. This effect can be 
limited, as the levels of free fatty acids can be easily tested and being 
neutralized, if required. 
 
In many countries used edible oils from the catering sector are collected and 
burnt in conventional boilers with or without fossil fuels, or used as a 
substitute for diesel in cars and diesel power plants (reciprocating engine 
plants). Waste edible oils are also used as a highly productive feed in 
biomass anaerobic digesters or as a feed stock for production of animal feed. 
 
Most of edible oils is applied in catering facilities such as restaurants and 
hotels. But also canteens located in administrative or office buildings have a 
considerable edible oil consumption. A further source of used edible oils, 
that especially can be relevant in The Bahamas, are the catering facilities of 
cruise ships. 
 
In the mentioned catering facilities edible oils are usually collected and then 
picked-up by a disposing company, which is done on New Providence e.g. 
by the Bahamas Waste Company who collects waste cooking oil via either 
pump trucks or bulk pickup of smaller jugs. If oil is not being collected for 
processing into biodiesel, the most common method of disposal in The 
Bahamas is in a landfill or to flush down sewer drains. 
 
Nowadays used edible oils are also increasingly collected for the reason of 
being utilized as an energy source. It was reported to the Cape Eleuthera 
Institute that there is now significant competition for collection of waste 
vegetable oil from ships through out all their port of calls. Before this trend 
started, cruise ships used to pay for the disposal of waste vegetable oil at 
their home port, but now companies are paying the cruise ships to be able to 
haul away waste vegetable oil in other countries e.g. Jamaica, D.R., etc.  
 
In the above mentioned catering facilities usually two types of used edible 
oil accrue: 

 
• Oil from fat separators: As this type of oil is separated from the sewage 

water of catering facilities, it normally has a high water content and other 
impurities. Before this type of used oil could be utilized as fuel for an 
engine, a complicated pretreatment would be necessary, which is not 
worthwhile in most instances. Therefore the disposal of this type of used 
oil is usually liable for costs. 

 
• Nearly pure oil from applications such as deep frying: This type of used 

oil is preferred, as it can be applied for various application (see above). If 
necessary, this type of used oil can be pretreated in an easy way by use of 
filtration or separator, which separates oil, water-salt solution and solids. 
For used edible oils of this type usually a positive market value can be 
achieved. 
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Due to its pureness, the latter type of used oil has a low heating value which 
is on about 40 MJ/kg. Nevertheless a percentage of the collected waste 
edible oil seems to be unsuitable for processing into biodiesel due to its 
extremely high free fatty acid levels, which are produced when restaurants 
are not changing oil frequently enough when cooking food in it. 
 
The Cape Eleuthera Institute has obtained assumptions on the used edible 
oil potential of different types of facilities in the catering sector in The 
Bahamas. The data for the availability of waste vegetable oil is based on a 
survey of counting the number of establishments and ships that land in 
Nassau and interviewing them about how much oil they purchase every 
month, frequency of oil changes in fryers to get an estimate of how much oil 
they will dispose of at the end of every month. Beside restaurants, cruise 
ships are an interesting source, but it has to be noted that waste vegetable oil 
from cruise ships is an imported item, for which a duty has to be paid to the 
government of The Bahamas.  
 

Type of facility Amount of used edible oil per year 
Restaurants (large) 300,000 gal/yr. 
Restaurants (small) 200,000 gal/yr. 
Cruise ships 750,000 gal/yr. 
Total 1,250,000 gal/yr. 
Table 8-3:  Assumptions on available amounts of used edible oil from different 

facilities on New Providence 
 
As only New Providence has been surveyed, there are several other islands 
for that no information is available such as Grand Bahama, Abaco, Andros, 
Exuma, Long Island, etc.. All these islands probably generate significant 
amounts of oil as fried food is a staple of the diet within The Bahamas. 
 
Based on the estimated amounts in Table 1, and assuming that only about 
500,000 gallons/ year will be consumed by the new Bahamas Waste 
biodiesel plant, about 750,000 gallons/ year would be potentially in New 
Providence.  
 
As no current data from other islands is available, a conservative 
assumption can be made based on the waste cooking oils from small 
restaurants and the population size of New Providence. Cruise ships and 
large restaurants as source for used edible oils would not be taken into 
consideration for other islands, as the majority of cruise ships and number of 
tourists are landing on New Providence.  
 
Considering the number of inhabitants and the amount of 200,000 gallons 
from small restaurants on New Providence, about 0.95 gallons of used 
edible oils per year and inhabitant would be available. This is providing the 
basis for an estimation for other islands, under consideration of their 
population. 
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Island Estimated amount of used edible oil 
per year  

Grand Bahama 44,644 gal/yr. 
Abaco 12,511 gal/yr. 
Eleuthera  7,599 gal/yr. 
Andros  7,301 gal/yr. 
Exuma  3,392 gal/yr. 
Long Island 2,842 gal/yr. 
Table 8-4: Assumptions on available amounts of used edible oil from small 

restaurants 
 
The Government of The Bahamas had issued three separate biodiesel 
licenses (see article in the Tribune 
http://www.tribune242.com/searchresults/08202010_B-Waste_business), 
but currently it remains unknown how much waste edible oil will be 
required for these purposes and whether this is related to waste edible oil 
only. 
 
A comparison of obtained figures with other information seems not to be 
feasible, as neither from The Bahamas nor from other countries detailed 
data about the available amounts of used edible oils is existing. This is 
caused by the structure how used oil disposal is organized. The collection 
and transportation of used edible oil is executed in most cases from small 
companies that are acting in a geographical not clear defined area. At the 
same time these companies sell the collected oil to various customer in 
different branches and different countries. For this reason figures on this 
topic are rare and if available at all can only be rough assumptions. 

8.3.1.1 Use of waste cooking oils/ edible oils as supplementation or 
substitute for fossil fuels 

Recent Projects on The Bahamas 
Bahamas Waste has established a biodiesel processing plant in 2010 in 
Nassau, for which waste edible oils are collected from major restaurants and 
hotels. Depending on the amount of collected waste cooking oil, the facility 
has the ability to produce one million gallons of biodiesel per year if run as 
a '24/7' operation. The produced fuel shall be used in the first instance for 
the companies’ vehicle fleet, and shall also be used in the garbage trucks as 
an alternative to fossil fuel. The Bahamas Waste company is aiming to 
convert 300,000 – 400,000 gallons of the collected 500,000 gallons of waste 
edible oils into biodiesel. 
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Figure 8-6: Mixing tank of biodiesel processing faclity at Island School,  

(Source: Cape Eleuthera Institute) 
 
The Cape Eleuthera Institute operates a community scale biodiesel facility 
that provides over 18,000 gallons a year of ASTM D-6751 quality biodiesel 
to the Island School, Deep Creek Middle School and for internal use, e.g. 
fleet of vans, heavy trucks, construction equipment, stationary generators, 
marine diesels and faculty vehicle fleet. The institute is collecting waste 
vegetable oil from cruse ships that donate it to this non-profit organization. 
The plant was designed and built as a precursor for a commercial scale plant 
being developed in Nassau by Cape Systems.  
 
Logistics for Used Edible Oil Collection 
Currently waste edible oils are collected on New Providence either by pump 
trucks or bulk pickup of smaller jugs from restaurants and cruise ships. This 
procedure would also be applicable to other islands. 
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Figure 8-7:  Storage of collected waste vegetable oil,  
(Source: Cape Eleuthera Institute) 

 
Oil form private households are another potential source. Collection 
however needs to be differently organized compared to restaurants due to 
the small amounts in each individual household. Some countries made good 
experiences with campaigns for the collection of used edible oils by 
households. As an example, Austria is running a project for collection of 
used edible oils such as deep-frying fat, or spoilt fat and oils. Households 
can get buckets with lids for free at centralized collection stations where 
they can change the full bucket against a clean empty one. It remains 
unknown whether the Bahamian population is sufficiently motivated to 
separate waste fractions. In case that solid waste will be incinerated in a 
Waste-to-Energy scheme in The Bahamas in the future, the energetic benefit 
of edible oils can be achieved without separating the oil fraction.  
 
Technical Possibilities 
The esterification of used edible oils into biodiesel is recommended for the 
substitution of fossil fuels for vehicles, as used edible oil are requiring 
preheating for an optimized viscosity or a continuous fuel supply 
respectively. The preheating of used vegetable oil is easier to realize in 
stationary engines instead of vehicles. 
 
Beside the conversion of used edible oils into biodiesel, the use of vegetable 
oils in specialized reciprocating engine plants or those running with diesel 
fuel (LFO) is possible, while the use of used vegetable oils in plants running 
with heavy fuel oil (HFO) is technically not feasible. 
 
In case that waste cooking oils shall not be used as substitute fuel for 
transportation purposes, the potential of the use for small stationary power 
plants is higher, when no esterification is required. In this regard there are 
two possibilities for the use of waste edible oils in combustion engines: 
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• reciprocating engine plants optimized for used vegetable oils with use of 

diesel fuel (LFO) for start-up, shut-down and as back-up fuel only, or  
 
• use waste edible oil as supplementation in existing reciprocating engine 

plants currently running with diesel fuel (LFO). 
 
A simple treatment of the waste edible oils with a separator and filter is 
recommended prior to the use as fuel. As the quality of waste edible oils can 
vary, it is generally recommended to analyze a representative sample of the 
waste edible oil, and to discuss possible technical solutions with a engine 
manufacturer. Engines having a power output of 500 kWel or more are 
already available on the market and are proven technology. 
 
The technical layout of a reciprocating engine plant running with used 
edible oil is not very different from those running with fossil fuel. In general 
vegetable oil should not be stored together with fossil fuel, hence at least 
one separate storage tank will be required. As quality of the used edible oils 
from different sources is unknown and the concentration of free fatty acids 
is variable, a neutralization is recommended when a certain level of free 
fatty acids is exceeded. For this purpose the use of two separate tanks is 
recommended, e.g. one tank for the delivery of used edible oils and 
measuring of free fatty acids and an other tank for neutralization and storage 
of the neutralized vegetable oil.  
 
The use of waste edible oils requires a preheating to increase the viscosity, 
which is almost comparable to the storage and use of heavy fuel oils in 
conventional plants, however the preheating temperatures for used edible oil 
are significantly lower.  
 
Specialized Reciprocating Engine Plants 
Reciprocating engines plants specialized for the use of vegetable oil or 
waste edible oil respectively are normally robust designed and constructed 
for an optimized use of e.g. deep-frying fat as fuel. For start-up and shut-
down they need to be run with diesel oil (LFO), hence these engines can be 
operated with LFO too, in case that not sufficient vegetable oil is available.  
 
Assuming that 750,000 gallons/year of used edible oils would be available 
on New Providence, and additional 100,000 gallons/year could be used from 
waste of the Bahamas Waste biodiesel processing plant, about 850,000 
gallons/year could be available for a specialized reciprocating engine plant, 
but the actual amount of available edible oils should be verified. 
 
Based on this roughly estimation, it would be possible to construct an 
1.6 MWel plant, which could generate a power output of 12 GWh/ year and 
which would consume approximately 850,000 gallons used edible oil per 
year. Investment costs for such a plant would be about 3.2 Million USD 
(2.2 Million Euro). 
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Operation of an new power plant specialized for waste edible oils instead of 
the use of waste edible oils in an existing stationary engine has the 
advantage, that the specialized plant can be easily shut-down if required for 
maintenance, while the base load will be produced by the existing plant. 
 
Use of Waste Edible Oil in Stationary Engines operated with Diesel Fuel 
The use of waste edible oil as fuel in stationary (reciprocation) engines is 
possible, when those are operated with diesel oil (LFO). If both diesel oil 
and vegetable oil are intended for combustion in the same engine, both fuels 
may be mixed shortly prior to the combustion process or the plant will use 
both fuels alternately. The investment costs for expansion of an existing 
plant for the use of vegetable oils is estimated to be about 350,000 USD (0.5 
Million Euro). 
 
The expansion of existing plants for the use of waste edible oil would need 
to be discussed and agreed with the plant operator, as the introduction of a 
new fuel type poses a higher risk for interruptions and increased 
maintenance than the operation with fossil fuels. 
 
Advantages of the Use of Used Edible Oils instead of Diesel Fuel Oil 
(LFO) 
The benefits of the use of waste edible oils for power generation or 
transportation in The Bahamas are keeping the waste cooking oil out of the 
environment, reducing the amount of wastes, reducing the necessity to 
import fossil fuel, saving of fossil resources and reduction of carbon 
dioxides (CO2) emissions. 
 
Regarding air emissions, the combustion of vegetable oil instead of diesel 
oil generates less sulphur dioxides (SOx) emissions, as vegetable oil has a 
very low, or even no sulphur content. The control of nitrogen oxides such as 
nitrogen monoxide (NO) and nitrogen dioxide (NO2) can be managed and 
limited to an acceptable level when the combustion engine is optimized for 
the use of vegetable oils or used edible oils respectively.  
 
Compared to materials hazardous to water e.g. like diesel or heavy fuel oils, 
vegetable oil has – in case of accidental release and contamination of soil 
and water – less significant effects than mineral fuels. Compared to diesel, 
vegetable oil has advantages in storage, as it does not ignite as fast as this 
type of fuel. 
 
Conclusion 
The use of vegetable oils in a biogas plant would only be feasible, if 
bioorganic waste would be separated from other waste, if such plant would 
already be existing in The Bahamas, and if the waste edible oils would 
supplement other biomass. 
 
The efficiency of the use of waste edible oils in an engine is higher than 
gasification or esterification and combustion in an engine. Additionally, the 
use of waste edible oils requires preheating for an optimized viscosity, 
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which is easier to realize in stationary plants. Hence the production of 
biodiesel is recommended for the substitution of fossil fuel for vehicles, 
while the use of vegetable oil or waste edible oil is recommended for 
stationary engines in power plants for electricity production. 

8.3.2 Energy crops for The Bahamas  

As discussed above, we do not recommend the cultivation of Arundo donax 
and microalgae as potential bioenergy crops on The Bahamas. Therefore, 
potential energy crops for The Bahamas are analysed in the following. 

8.3.3 Pre-selection of potential bioenergy crops 

There are various plant species which are suitable for being grown as energy 
crops. Different criteria have therefore been defined in order to pre-select 
potential bioenergy crops for The Bahamas. 
 
Selection criteria 1: Plant characteristics with respect to final product use 
Depending on the final product the following groups of bioenergy crops can 
be distinguished:23 
 
• growing of starch and sugar plant species to produce ethanol 
• cultivation of oil crops as sources for biodiesel 
• cultivation of biomass to produce biogas 
• production of biomass to obtain heat and electricity by combustion of the 

whole plant 
 
Comparing the energy output per ha in dependence on the final product it is 
obvious that the highest yields can be generated by utilizing the whole plant. 
In the case of liquid (first-generation) biofuels only the starch-, sugar- or oil-
rich parts of the plant are processed and therefore only a fraction of the total 
energy yield per ha is being utilized. This is illustrated by the following 
example which shows the total energy yield from ethanol production from 
sugar cane in comparison to the energy yield from utilization of the whole 
sugar cane plant ("high fibre cane used for solid biofuel production"). 
 

                                                 
23 Handbook Bioenergy, p.46 
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 Biomass Ethanol 
Yield 45 t d.m./ha/year24 70 l/t biomass25 
Heating value 17 GJ/t d.m. 26 0.021GJ/l27 
Total energy yield 272 GJ/ha/year 

(whole plant) 
24 GJ/ha/year  

Table 8-5: Comparison of energy yield from ethanol production vs. utilization of the 
whole plant 

 

Energy yield from ethanol processing from sugar cane 
in comparison to utilization of the whole plant
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Figure 8-8: Comparison of energy yield from ethanol production vs. utilization of the 

whole plant 
 
The energy yield/acre from ethanol production is only around 1/12 of the 
energy yield/acre if the whole plant is used as solid biofuel. As the energy 
output/acre is highest when the whole plant is being utilized for electricity 
generation the study focuses on the potential to growing solid biofuels on 
The Bahamas. 
 
Plant species rich in lignocelluloses provide the greatest potential within the 
spectrum of worldwide biomass feedstocks to be converted into solid 
biofuels (as bales, briquets, pellets, chips, powder). The four basic groups of 
plants suitable for solid biofuel production are:28 
 
• Annual plant species such as cereals, pseudocereals, hemp, kenaf, maize, 

rapeseed, mustard, sunflower and reed canary grass;  
• Perennial species harvested annually such as reeds and grasses (e.g. sugar 

cane);  

                                                 
24 Handbook Bioenergy, p.380 
25 Handbook Bioenergy, p. 40 
26http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/2007_events/tfGHG_
Wash2007/Fehrenbach_-_GBEP_Wash_DC_10-10-07__3_.pdf (17/05/2010) 
27 http://www.chemie.hs-magdeburg.de/feuerstein/kbs/Infomaterial/TabellenBegriffe.docx 
(17/05/2010) 
28 Handbook of bioenergy crops, S.46 
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• Fast growing trees with short rotation cycle (e.g. poplar); 
• Trees with long rotation cycle (e.g. Pinus caribaea). 
 
Selection criteria 2: Climatic requirements of the plants 
Growing conditions are the baseline for the cultivation and harvesting of 
agricultural products. Natural conditions could be of support for the 
agricultural yield and they could be a limiting factor. In case of a low 
precipitation, crops with high water consumption could not crow in an 
optimum way if irrigation could not be supplied. On the other hand, plants 
with maximum need of sunshine days will be limited in case that cloudy 
condition is occurring most of the time. 
 
A first rough investigation of the natural conditions in the Bahamas is 
providing the following picture: 
 
• The Bahamas are located in the tropical marine climate. The climate zone 

is generally characterized by a lower biomass production in comparison 
to the moderate climate zone. The limiting factor is mostly the annual 
rainfall. The annual precipitation is in total approx. 1304 mm but the 
there are only around 5 months were the precipitation is higher than the 
evaporation. 

• Another limiting factor is the soil condition. The vegetation of the island 
group bases on a thin layer of humus. The northern islands of Andros, 
Grand Bahama Island, Abacos and parts of New Providence are 
distinguished by the presence of small forests in comparison to the 
remaining islands, where the vegetation mainly presents bushes. The 
humus layer is quite often too thin for the cultivation of crops. An 
additional subject for the investigation of the soil conditions is the 
salinity rate of the soil to be used for agricultural purposes. Not every 
plant is adapted to salty soul conditions. 

• In addition to the above mentioned limitations, it must be outlined that 
the vegetation is adapted to extreme wind conditions. The occurrence of 
hurricanes during the hurricane season could also be recognized as a 
limiting factor with respect to the growing of large tress. Palm trees are 
much better adopted regarding extreme wind conditions. 

• Crops foreseen for the cultivation should be adapted to a relatively high 
concentration of salt in the air. This could be as well a limiting factor. 

 
It should be mentioned that some more detailed investigation has to be 
undertaken as an essential point. The soil conditions of the Bahamas have to 
be investigated much more in detail to get a resulting overview which areas 
are suitable for cultivation and which not. 
 
Potential bioenergy crops have been selected according to their general 
suitability for the climatic conditions of The Bahamas. Regarding these 
conditions, the species that qualify for solid biofuel production are shown in 
Table 8-6 (potential solid biofuel crops with annual harvesting cycle) and 
Table 8-7 (potential solid biofuel crops with longer rotation period). 
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Selection criteria 3: Alien species which are invasive or potentially invasive 
Islands like The Bahamas are especially vulnerable to alien invasive species 
as they comprise many plant and animal species which are endemic and 
therefore found nowhere else on the world. The Bahamas have addressed 
this threat by developing the National Invasive Species Strategy which 
focuses on the "prevention, control and eradication of species which 
threaten the ecosystems, habitats, endemic species and the human health and 
welfare of The Bahamas."29  
 
When introducing a new plant species it is not assessable in the forefront 
how the species will interact with the existing ecosystem. Therefore, the 
study does not consider 
 
• species that have already been introduced to The Bahamas, but which are 

known to be invasive (e.g. Casuarinas pp.) and 
• which have not yet been introduced to The Bahamas and that are 

potentially invasive and therefore represent a potential threat to the 
existing ecosystem. 

 
The species listed in Table 8-6 and Table 8-7 have been further evaluated 
regarding their (potential) invasiveness. Based on this assessment a 
recommendation is given in the last column of the table if the species could 
be considered to be cultivated as solid biofuel on The Bahamas. 
 
 

                                                 
29 The National Invasive Species Strategy For The Bahamas (2003) 
www.best.bs/Documents/bahamas_nationalstrategy.doc 07/05/2010 
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No. Name Origination Ecological 
requirements 

Remark Recommendation 

1 (Giant Reed) 
Arundo Donax 

Southern European 
Region, China and 
Southern USA 

Dry summer subtropical 
climate "Mediterranean"; 
Tolerates wide range of soil 
types from very light soils 
to compact soils. 

Not native to The Bahamas No recommendation due to 
disadvantages concerning 
invasiveness, wildfires and water 
demand  

2 Annual Reygrass 
(Lolium 
Mulitflorum) 

Mediterranean 
Region 

Temperate and subtropical 
Regions, sufficient water 
supply 

Not native to The Bahamas No recommendation as species is 
not native to The Bahamas; 
interaction with existing 
ecosystem can not be assessed 

3 Giant Knotweed, 
(Polygonum 
sachalinensis) 

East Asia 
 

Wide range of climatic 
conditions 

Invasive No recommendation as not 
native to The Bahamas; species 
is known to be invasive 

4 Kenaf (Hibiscus 
cannabinus) 

Africa 
 

Warm temperate zones of 
the equator, 500 - 700 mm 
rainfall, no wet soils 

Not native to The Bahamas No recommendation as species is 
not native to The Bahamas 

5 Miscanthus 
floridulus 
 

East Asia Warm temperate, 
subtropical and tropical 
regions 

Not native to The Bahamas No recommendation as species is 
not native to The Bahamas 

6 Lupin (Lupines spp.) Mediterranean and 
South America 

Wide range of climatic 
conditions 

Not native to The Bahamas  No recommendation as not 
native to The Bahamas; species 
is known to be invasive 

7 Perennial Reygrass 
(Lolium perenne) 

Europe, Asia and 
Northern Africa 

No drought tolerance, no 
wet soils and salt 

Not native to The Bahamas No recommendation as species is 
not native to The Bahamas; 
interaction with existing 
ecosystem can not be assessed 

8 Salicornia 
(Salicornia bigelovii) 

Americas  Coastal estuaries and salt 
marshes 

Salt-tolerant plant, can be cultivated on 
coastal deserts, inland salt deserts, and on 
arid zone irrigation districts (brackish 
drainage water irrigations)  

No recommendation as species is 
not native to The Bahamas; 
interaction with existing 
ecosystem can not be assessed 

9 Sorghum bicolour -> 
Three basic types of 
Sorghumg:  
- Sweet sorghum 
- Energy 

Commercial 
sorghum species are 
native to topical and 
subtropical regions 
of Africa and Asia, 

No frost, withstands 
drought 

Important cereal crop; known to be 
invasive; not native to The Bahamas 

No recommendation as not 
native to The Bahamas; species 
is known to be invasive 
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No. Name Origination Ecological 
requirements 

Remark Recommendation 

Sorghumg  
- Grain Sorghum 

as well as one 
species native to 
Mexico 

10 Sugar cane 
(Saccharum 
officinarum) 

Tropical South Asia 
and Southeast Asia 

Subtropical and tropical 
areas; prefers heavy soils 
with high nutrient content 
and a high water holding 
capacity  

Listed as one of the 15 most important 
crop species cultivated on The Bahamas;  

Could be considered as "high 
fibre cane" for solid biomass 
production 

11 Elephant 
grass/Napier grass 
(Pennisetum 
purpureum) 

Africa Tolerates wide range of 
climatic conditions from 
warm temperate dry to wet, 
through tropical dry to wet 
forest life zones. Tolerates 
drought, fire, waterlogging, 
sewage sludge and 
monsoons 

Listed as invasive species in the USA and 
Pacific Islands 
(http://www.tropicalforages.info/key/Fora
ges/Media/Html/Pennisetum_purpureum.h
tm) 
 

No recommendation as not 
native to The Bahamas; species 
is known to be invasive 

Table 8-6: Energy crops for solid biofuel production with annual rotation and harvesting cycle. 
 

http://www.tropicalforages.info/key/Forages/Media/Html/Pennisetum_purpureum.htm�
http://www.tropicalforages.info/key/Forages/Media/Html/Pennisetum_purpureum.htm�
http://www.tropicalforages.info/key/Forages/Media/Html/Pennisetum_purpureum.htm�
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No. Name Origination Ecological requirements 

 
Remark Recommendation 

1 Bamboo (Bambusa 
sp.)  

Worldwide: 40° 
Southern and 
Northern latitudes  

Warm and humid climates (300 
mm/months; 1000 - 
1200mm/year) 

Bamboo can help to bioremediate 
saline soils and prevent soil erosion  

Could be considered as for solid 
biofuel production 

2 Australian pine 
(Casuarina glauca) 

Southeast Australia Adaptable to a wide range of 
climatic conditions, relatively salt 
tolerant 

Weeding all over the world, also on 
The Bahamas; Listed as invasive 
species in “The Bahama's national 
strategy on invasive species" 
Casuarinas shall be eradicated. 

No recommendation as not 
native to The Bahamas; species 
is known to be invasive 

3 Pinus caribaea Bahamas; Belize; 
Cuba; Guatemala; 
Mexico; Nicaragua; 
Turks and Caicos 
Islands 

Tolerates salt winds and hence 
may be planted near the coast. 
(http://ecocrop.fao.org/ecocrop/sr
v/en/cropView?id=1691) 

Planted all over the world where no 
frost; native to The Bahamas 

Could be considered as for solid 
biofuel production 

4 Eucalyptus 
(Ecualyptus spp.) 

Australia Wide range of climatic conditions Planted all over the world in tropical 
and subtropical regions; invasive 
plant, not native to The Bahamas 

No consideration as species is 
invasive 

5 Jatropha (Jatropha 
curcas) 

Central America  Prefers arid regions, grows well 
on oligotroph soils 

More and more planted in tropical 
and subtropical zones; competition 
with food crops can be avoided if 
planted on poor soils 
 

No recommendation as species is 
not native to The Bahamas; 
interaction with existing 
ecosystem can not be assessed 

6 Leucaena (Leucaena 
leucocephala) 

Mexico and Central 
America 

Warm temperate to dry to moist, 
through tropical very dry to wet 
forest life zones 

Leucena glauca to be controlled 
according to the national strategy of 
invasive plants -> Leucena 
leucocephala is invasive on The 
Bahamas according to FAO  
http://www.fao.org/docrep/006/J158
3E/J1583E10.htm 

No recommendation as species is 
not native to The Bahamas; 
interaction with existing 
ecosystem can not be assessed 

Table 8-7: Perennial crops for solid biofuel production 
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The tables show that only three species qualify for cultivation as solid 
biofuels: 
 
• Sugar cane: A perennial species that can be harvested on an annual basis. 

It achieves high annual growth rates if planted on heavy soils with high 
nutrient content. 

• Bamboo: A tall woody grass species that can be harvested after several 
years (4-7 years). The yield of bamboo mainly depends on the species. 
Under good growth conditions the annual productivity can be similar to 
that of wooden tree species. 30 

• Pinus caribaea, a native tree species with long rotation cycle (around 15 
years for solid fuel production). 

8.3.4 Area demand for growing Pinus caribeae and high-fibre cane as 
soild biofuels 

To get a first impression regarding the area that is necessary for growing 
solid biofuels it is assumed that an exemplary power plant of 5 MWel is 
being operated with a required input of 40,000 t of air-dried biomass/a. 
 
The first example looks at the required plantation area if the power plant 
would be operated based on biomass from Pinus caribaea - the species with 
the longest rotation period out of the three selected species. The second 
example assumes that the power plant is fed by biomass from sugar cane 
('high fibre cane') plantations - the species that can be harvested annually, 
thus having the shortest harvesting cycle out of the three species. 
 
Indicative demand on area for growing Pinus caribaea as solid biofuel 
Case 1: It is assumed that a new Pinus plantation is being established on 
suitable sites to produce 100% of the required amounts of dry biomass 
(40,000 t) necessary for power plant operation. The numbers presented are 
based on literature review and represent the growth potential on suitable and 
very suitable sites. Upward and downward deviations in dependence on 
actual growth conditions on The Bahamas are therefore possible. 
Nevertheless, the figures shall give an idea on the required area to grow a 
bioenergy species with long rotation cycle.  
 

                                                 
30 David J. Midmore: Bamboo in the global and Australian contexts, in: Silvicultural 
management of bamboo in the Philippines and Australia for shoots and timber (2009), p.15 
(http://aciar.gov.au/system/files/node/10532/PR129+Part+1.pdf, 25/05/2020) 
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Density Pinus (air-dried: w =15%):31 0.5 t/m³ 
Density Pinus (fresh w =100%):32 0.8 t/m³ 
  
Biomass demand for 5 MWel (air-dried): 40,000 t 
Equivalent biomass demand (fresh:) 64,000 t 
Equivalent biomass demand (fresh:) 80,000 m³ 
  
Rotation period:33 15 
Average annual increment 34 20 - 40 m³ 
Biomass production after 15 years: 300 - 600 m³/ha 
Required area to produce 80,000 m³ after 15 years: ~ 130 - 270 ha 
Required area to produce 80,000 m³ annually ~ 2,000 – 4,000 ha 
Total plantation area to be managed assuming 20% 
reserve area (to compensate losses from fire, diseases 
etc.) 

~ 2,400 – 4,800 ha 

Table 8-8: Total Pinus caribaea plantation area required to produce enough biomass 
to operate a 5MWel power plant 

 
Considering suitable growth conditions and a rotation period of 15 years, 
the exemplary calculation (cp. Table 8-8) shows that nearly 2,500 – 5,000 
ha of Pinus caribaea plantation must be established in order to produce 
40,000 t of dry biomass per year. 
 
Assuming that the plantation would be established on land that is currently 
dominated by Pinus caribaea forests fuel, wood could be produced right 
away harvesting every year a defined area of pre-existing stands. The 
cleared area could then be replanted with Pinus and managed in rotation in 
order to sustainably produce the annual required amount of fuel wood for 
operating the power plant. Drawing upon existing Pinus caribaea stands 
nevertheless requires inventory data on the actual standing volume as well 
as information on the site quality to select Pinus caribaea sites which 
provide good growth conditions. Based on this information the final 
management area can then be determined.  
 
Case 2: It is assumed that a Pinus caribaea fuel wood plantation is 
established on 4,000 acres (1,600 ha) of suitable land which have been 
discussed in the context of Arundo donax production. 
 

                                                 
31 Source: Kaltschmitt M., Hartmann H., Hofbauer H. (Hrsg.): Energie aus Biomasse - 
Grundlagen, Technik und Verfahre (p. 353) 
32 Ibid. 
33 Time from stand establishment to harvesting. For this calculation  it is assumed that the 
mean annual increment of Pinus Caribaea peaks after 15 years and therefore represents the 
optimum time for harvesting from a biological growth point of view. 
34 The 20 -40 m³ represent an average value over 15 years. Source: Shrub and Tree species 
for energy production - Report of an Ad Hoc Panel of the Advisory Committee on 
Technological Innovation, Board on Science and Technology for International 
Development Office of International Affairs, (p. 22) 



 
 

 
7399P02/FICHT-6472615-v1  8-38 

 

Density Pinus (air-dried: w=15%)35 
 

0.5 t/m³ 

Density Pinus (fresh w=50%)36 0.8 t/m³ 
  
Total area designated for fuel wood production 1,600 ha 
Rotation period37 15 
Average annual increment (after 15 yrs.):38 20 - 40 m³ 
Biomass production after 15 years: 300 - 600 m³/ha 
Gross annual area designated for fuel wood production 
(including 20% reserve area) 

107 ha 

Net annual area designated for fuel wood production  ~ 85 ha 
Annual fuel wood production fresh ~ 25,000 – 52,000 m³ 
Annual fuel wood production fresh ~ 20,000 – 40,000 t 
Annual fuel wood production air-dried ~ 12,000 – 26,000 t 
Percentage of total required biomass for plant operation 
covered by Pinus caribaea 

- 30% - 65% 

Table 8-9: Potential biomass production from Pinus Caribaea on 4,000 acres of land 
 
Based on given assumptions between one third and two third  (~ 12,000 – 
26,000 t) of the required biomass for operating the 5 MWel power plant 
could be covered by managing Pinus caribaea fuel wood plantations on 
4,000 acres of land (assuming suitable growth conditions for the tree 
species). 
 
Indicative demand on area for growing high-fibre cane as solid biofuel 
The following calculation shows the total required plantation area required 
to grow high fibre cane in order to deliver 100% of the biomass necessary 
for operating a 5MWel power plant.  
 
Plant species: High fibre cane 
Dry matter yield/ha/a 16 - 73 t/ha39 
Total plantation area to be managed in order to 
produce 40,000 t of dry biomass 

550 – 2,500 ha 

Table 8-10:  Total plantation area to be managed in order to produce 40,000 t of dry 
biomass to feed in a power plant of 5 MWel 

 
The example shows that sugar cane requires only 20% of the area of Pinus 
caribaea in order to produce an equal amount of biomass (assuming optimal 
growth conditions for both species). 
 

                                                 
35 Source: Kaltschmitt M., Hartmann H., Hofbauer H. (Hrsg.): Energie aus Biomasse - 
Grundlagen, Technik und Verfahre (p. 353) 
36 Ibid. 
37 Time from stand establishment to harvesting. For this calculation it is assumed that the 
mean annual increment of Pinus caribaea peaks after 15 years and therefore represents the 
optimum time for harvesting from a biological growth point of view. 
38 The 20 -40 m³ represent an average value over 15 years. Source:  Shrub and Tree species 
for energy production - Report of an Ad Hoc Panel of the Advisory Committee on 
Technological Innovation, Board on Science and Technology for International 
Development Office of International Affairs, (p. 22) 
39 Handbook of Bioenergy Crops, p. 380 
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8.3.5 Evaluation of suitability of Pinus caribaea, bamboo and sugar 
cane for solid biofuel production 

The production of solid biofuel from sugar cane requires the smallest 
plantation area in comparison to Pinus caribaea or bamboo as sugar cane 
shows the highest biomass productivity. Nevertheless, there are various 
negative environmental impacts associated with sugar cane cultivation. To 
achieve optimal growth rates, sugar cane production depends on a high 
water availability resulting in an annual water demand of 1,500 – 
2,000 mm/year. This significantly exceeds the average annual precipitation 
on The Bahamas which is around 1,300 mm/year and therefore requires 
artificial irrigation for sugar cane cultivation leading to a high water 
withdrawal. But even in areas where sugar cane growth relies on rainfall, 
the crop can influence river flows by intercepting the run-off from the 
catchment into rivers and by tapping into ground water resources.40  
 
Besides the high water demand the crops in general requires high amounts 
of fertilizers, especially nitrogen, phosphorous and potassium 41 and 
insufficient or imbalanced nutrient supply in sugar cane plantations leads to 
a rapid decline in yield. Intensive fertilizing not only increases the 
management costs, but also reduces the climate benefit of such plantations 
as the energy input for fertilizer production is considerably high. Taking 
into consideration the ecological disadvantages of growing sugar cane and 
the technological restrictions, it is not recommended to grow sugar cane as 
solid biofuel feedstock on The Bahamas. 
 
The analysis of land use and vegetation shows that huge areas on Abaco, 
Andros and Grand Bahama (in total more than 150,000 ha) are naturally 
dominated by Pine forest and that there are no distinct bamboo forests on 
the islands. This indicates that in comparison to bamboo Pinus caribaea is 
naturally the most competitive and best adapted species with regard to the 
climatic and ecological conditions of The Bahamas. This qualifies Pinus 
caribaea as biomass feedstock for solid biofuel production on The Bahamas 
although it shows a slower growth rate than bamboo. 

8.4 Potential for electricity generation from biomass 

8.4.1 Initial land suitability screening 

Assessing the potential for the electricity generation from biomass, in a first 
step suitable areas for the cultivation of the needed feedstock are identified. 
The intention is to identify all potential suitable areas for the cultivation of 

                                                 
40 WWF: Sugar and the environment 
(http://environment.about.com/gi/o.htm?zi=1/XJ&zTi=1&sdn=environment&cdn=newsiss
ues&tm=13&f=00&tt=2&bt=1&bts=1&st=34&zu=http%3A//assets.panda.org/downloads/s
ugarandtheenvironment_fidq.pdf) 
41 "Fertilizer recommendations for sugar cane ": http://www.fao.org/ 
docrep/008/y5998e/y5998e0c.htm 
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feedstock by performing an initial land suitability screening on Abaco, 
Andros, Eleuthera, and Grand Bahama. The demand of electricity generated 
from biomass on the Bahamas is not considered in this early stage of 
process, which is of importance assessing the structural potential of 
electricity generated from biomass. This will be considered in the next step 
as analyzed in chapter 8.5. 
 
For the identification of suitable areas for the cultivation of biomass, an 
initial spatial analysis with ESRI software ArcGIS 9.2 is performed. The 
spatial analysis is mainly based on the land cover dataset provided the 
client. This land cover data set is based on digitized topographical maps 
dating back to 1968 – 1975. Anticipating that the land use has been 
changing during the last 35 years, the selected sites should be verified 
during discussions with local experts, by comparison with current land use 
datasets (e.g. obtained from satellite imagery analysis), or in the field. 
 
Positive list 
Based on the land cover data set provided by the Client, a positive list of 
suitable land cover types is drawn up. For the identification of suitable areas 
for the cultivation of biomass, all areas on the main islands of Grand 
Bahama, Eleuthera, Andros and Abaco which are assumed to be suitable for 
energy crops are selected, i.e. the categories 'Casuarinas', 'Coconut Palms', 
'Dry Broadleaf Evergreen Formation', 'Mixed Broadleaf Coppice w/ 
Scattered Pine', and 'Pine Forest'. 
 
It is the consultants understanding that agricultural crops should not be 
displaced for the cultivation of energy crops and installations producing 
renewable energies due to the limited resources on the islands. As it is 
known that some areas classified as cultivated land are currently not 
agriculturally used, it should be therefore discussed with local experts which 
of these areas would be available for energy crop cultivation.  
 
Exclusion criteria 
Factors that eliminate a site from the positive list include National Parks 
managed by the Bahamas National Trust and areas smaller than 20 hectare 
as the minimum size for such facilities requires at least 20 ha for being 
economically interesting. 
 
Shortcomings 
Shortcomings in performing the spatial analysis are the lack of data 
generally and the lack of updated data. Moreover, obtained data have 
incorrect geocodings. 
 
The Land Capability Maps provided by the Client are excluded from the 
GIS analysis as the categories of those maps are indicating a general 
suitability for a certain land use only. Information of the productivity or the 
crop yield based on the soil type could not be obtained from those maps. As 
the differentiation between the areas would mainly be limited to e.g. forest 
or construction land, the amount of knowledge gained by conducting the 
examination seems not sufficient to justify the high effort for geo-
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referencing the maps and digitizing the different areas or categories 
respectively. 
 

 
Abaco 

[ha] 
Andros 

[ha] 
Eleuthera

[ha] 

Grand 
Bahama 

[ha] 
Total 
[ha] 

Casuarinas 42   164   206
Coconut Palms   24 27  52
Dry Broadleaf 
Evergreen Formation 17,157 165,116 34,392 7,581 224,247
Mixed Broadleaf 
Coppice w/ Scattered 
Pine 384 40,132  704 41,220
Pine Forest 47,754 56,383 42 46,266 150,444
Total 65,337 261,656 34,625 54,551 416,169

Table 8-11: Suitable sites for energy crop cultivation 
 
The results of the initial land suitability screening are visualized in Annex E. 
 

8.4.2 Potential of electricity generation from biomass (Pinus caribeae) 

Based on the identified suitable land, the potential of electricity generation 
from biomass is estimated. The further analysis is restricted to the potential 
of Pinus caribae as the species most feasible for bio energy production on 
the short and medium run (see above). 
 
The technical potential for electricity generation from Pinus caribaea 
cultivation: 
 

Total area designated for fuel wood production 416,169 ha 
Rotation period 15 years 
Annual area designated for fuel wood production 27,744.6 ha 
Annual area designated for fuel wood production 
considering 20% failure rate 22,195.69 ha 
Annual fuel wood production fresh 6,658,708 m³ 
Annual fool wood production fresh 5,326,966 t 
Annual fuel wood production air-dried (after 15 years) 3,329,354 t 
Energy content of Pinus caribaea42 15.25 GJ/t 
Annual energy from Pinus caribaea fuel wood  50,772,645 GJ 

Table 8-12: Technical potential for electricity generation on The Bahamas43 
 
It is assumed that Pinus caribaea is planted not only on sites currently 
dominated by the species (defined as 'Pine forest' in the analysis), but also 
on sites currently dominated by other vegetation/land use. 
 
Assuming that Pinus caribaea is only planted on the area defined as 'Pine 
forest', which accounts for 150,000 ha of land, then still around 1/3 of the 

                                                 
42 Source: Bayerische Landesanstalt für Land- und Forstwirtschaft 
43 Growth rates for Pinus caribaea are based on the assumptions as outlined in chapter 8.3.2 



 
 

 
7399P02/FICHT-6472615-v1  8-42 

 

energy as outlined in Table 8-12 could be derived from Pinus caribaea (see 
Table 8-13). 
 
 
Total area designated for fuel wood production 150,444 ha 
Rotation period 15 years 
Annual area designated for fuel wood production 10,029.6 ha 
Annual area designated for fuel wood production 
considering 20% failure rate 8,023.71 ha 
Annual fuel wood production fresh 2,407,112 m³ 
Annual fool wood production fresh 1,925,689 t 
Annual fuel wood production air-dried (after 15 years) 1,203,556 t 
Energy content of Pinus caribaea44 15.25 GJ/t 
Annual energy from Pinus caribaea fuel wood  18,354,227 GJ 

Table 8-13: Technical potential for electricity generation from Pinus if only planted 
on Pine forest stand 

 
According to Table 8-13, the theoretical potential of Pinus caribaea is in the 
magnitude of 18 million GJ per year. This corresponds with an electricity 
production in the magnitude of 170 MWel. In view of the total expected 
demand of approx. 3 million MWh this equals to approx. 40% of the total 
demand and therefore certainly is a very promising option. 

8.5 Technical solutions for electricity production from biomass 

Analyzing the technical potential for electricity generation from Pinus (cp. 
Table 8-13) and the future electricity demand of Abaco, Andros, Eleuthera 
and Grand Bahamas (cp. Chapter 9.1), it becomes clear that the highest 
biomass potential is on islands which do not have a very high electricity 
demand. Long distance transport of raw biomass should be avoided because 
of the comparatively low energy density of it. 
 
Consequently, there are generally three options: 
 
• Cultivation of biomass on islands with high potential and pretreatment in 

order to increase the energy density. Subsequent transport to islands with 
high demand. Construction of power generation facilities at islands with 
high demand. Pretreatment options are: 

 
• Torrefaction 
• Fast Pyrolysis 
• Drying and compaction. 

 
• For the utilization of biomass near tor the plantation, electricity has to be 

fed into the local grid. In this case, there must be a sufficient demand on 
the specific island where plantation takes place. Consequently, the 
production will be limited by the electricity demand on the island as there 
is no interconnection between the grids. 

                                                 
44 Bayerische Landesanstalt für Land- und Forstwirtschaft 
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• Interlinkage of local grids by submarine cables. 
 
In the following, technical options for pretreatment and utilization of the 
biomass (Pinus caribaea) will be discussed in order to identify suitable 
concepts for The Bahamas. 

8.5.1 Pretreatment: Torrefaction 

Torrefaction is a thermo-chemical treatment method which is characterized 
by an operating temperature of 200°C to 300 °C. It is carried out in the 
absence of oxygen at nearly atmospheric pressure. It is characterized by low 
heating rates which are lower than 50K/min. During the process the biomass 
decomposes to some extent and is given off various types of volatiles.  
 
This leads to a loss of mass and chemical energy in the gas phase. The 
amount of the mass and energy from the original biomass to the torrefied 
biomass is strongly depending on the torrefaction temperature, reaction time 
and the biomass type.  
  
The mass and energy from the biomass is mainly conserved in the solid 
product which is the torrefied mass. 
 
The released gases is captured and incinerated in an afterburner. This 
produced energy is used to dry the biomass and to provide the torrefaction 
process. External energy is not required, except for starting the process. 
During the torrefaction the biomass is completely dried. After the 
torrefaction the up-take of moisture from the biomass is very limited, which 
is at about 1% to 6%, depending on the torrefaction conditions.  Torrefied 
material has a heating value of about 20 MJ/kg.  
 
Up to now, there are no experiences with torrefaction in an industrial scale. 
As a consequence, the technical development should be observed and 
analyzed. For the future, decentralized torrefaction of biomass could be an 
option for the Bahamas. 

8.5.2 Pretreatment: Fast pyrolysis (flash-pyrolysis) 

At the flash-pyrolysis the material is anaerobic heated up to about 500°C. 
Products are a pyrolysis coke, so-called pyrolysis oil and a pyrolysis gas. 
 
The characteristic of the flash-pyrolysis is the production of a relatively low 
gas amount while producing a high rate of liquid products. The conventional 
pyrolysis by contrast is producing no or just a little amount of fluid products 
but a higher gas amount. The produced pyrolysis gas is used to heat the 
pyrolysis reactor. 
 
There are several research activities regarding flash pyrolysis. The research 
center in Karlsruhe is operating a “bioliq”-process which is used in test 
phase. The capacity of the pilot plant is 0.5 t/h. In this flash-pyrolysis the 
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biomass is transformed into pyrolysis coke and so called pyrolysis oil, 
which is not an oil in the exact meaning of the word, but a mixture of 
different hydrocarbons. In addition, pyrolysis gas is emerging which is used 
to heat the pyrolysis commodity to cover the auxiliary heating demand. 
Slurry can be produced out of coke and pyrolysis oil. That means an organic 
fluid with suspended solid fraction is produced which is transportable and 
contains a much higher energy density than biomass. This is why the energy 
content of slurry can be about 90% higher than the original biomass.  
 
The Canadian company Dynamotive offers a different type of flash 
pyrolysis plants based on a circulating fluidized bed. According to their 
website the technology is commercially available, but references are not 
known. Also the company Metso in Finland is currently developing a flash 
pyrolysis process, but up to now no pilot plant is constructed.  
 
All in all it can be stated, that flash pyrolysis is a promising technology 
which should be observed. Applying flash pyrolysis biomass, including low 
rank biomass like straw, could be converted into a bio-oil which could be 
transported and used either in dedicated plants or co-fired together with 
heavy fuel oil.  

8.5.3 Anaerobic fermentation (Biogas production) 

Anaerobic fermentation is not suitable to use lignocellulosic material such 
as wood or straw. As most of the AD consists of lignocellulosic material, 
this option will not be further investigated.  

8.5.4 Biomass power plant 

In principle, the biomass can be burned using conventional combustion 
technology like grate furnace or fluidized bed boilers.  
 
In the following the technologies are briefly described. A great variety of 
biomass sorts can be used for energy production, e. g. 
 
• Forest residues and wood from wood plantations (fast growing trees). 
• Cuttings and residues from coffee, tea, rubber, coconut and other 

traditional plantations. 
• Cuttings and residues from plantations such as branches from fruit trees 

and olive oil trees. 
• Residues from the pulp and paper, the wood processing or the food 

industry. 
• Agricultural residues such as husk, shells or and straw of rice, coffee. 
• Used and contaminated wood. 
• Energy crops such as fast growing wood or grass like Arundo donax. 
 



 
 

 
7399P02/FICHT-6472615-v1  8-45 

 

8.5.4.1 Power generation technology 

At present, the steam cycle process represents the most important 
technology with market maturity and that has been tried and tested over 
many years for electricity generation from solid biomass. Other 
technologies such as the gasification of biomass using the gasification 
product as a fuel in an internal combustion engine or in a gas turbine have 
been carried out in several projects but up to now no reliable and mature 
technology has been established.  
 
For power generation the biomass would be charged to the furnace of a 
steam boiler. Steam produced by the boiler will then drive a steam turbine 
generator to generate electricity. The typical capacity range for biomass 
power plants 1 - 20 MWe. The lower value of this range is caused by 
technological and economic aspects whereas the upper value results from 
logistic limitations. However, e.g. in Scandinavia, several biomass power 
plants with much higher capacities are in operation. The world's largest 
plant fueled solely with solid biomass, erected in 2002 in Pietarsaari in 
Finland, has a capacity of 240 MWe. This is due to the availability of huge 
amounts of biomass in Scandinavia. 
 
In the range of 1 - 20 MWe, a relatively simple steam cycle, usually without 
reheat and with 1 to 3 feedwater preheater (including the feedwater tank 
with deaerator) as a maximum is used.  Usually, steam is produced at 
moderate temperature. Depending on the chlorine content of the biomass, to 
prevent corrosion of the superheater the steam temperature should not 
exceed 450 - 480 °C. For steam condensing, usually a water-cooled 
condenser with a closed circuit cooling water system or an air-cooled 
condenser is used. For water-cooled condenser, the condensing pressure 
amounts to 40 - 70 mbar, depending on the climatic conditions of the 
location, with air-cooled condenser, a vacuum of 110 - 150 mbar can be 
achieved. Due to the relatively high ambient temperature at the Bahamas the 
latter would apply. 
 
Depending mainly on the attainable condenser vacuum and the number of 
feedwater preheater, the typical gross efficiency of biomass power plants in 
the range of 5 - 20 MWe without reheat and with a HP steam temperature of 
450 - 480 °C amounts to about 25 - 30%. 
 
A simplified flow schematic and a scheme of a typical biomass power plant 
are shown in the following figures. 
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Figure 8-9: Simplified flow schematic of a typical biomass power plant 
 

 
Figure 8-10: Scheme of a typical biomass power plant45 
 

8.5.4.2 Combustion technology 

For biomass boiler plants, the following main combustion technologies are 
available: 
 
• Stoker-fired boiler. 

                                                 
45 Source:  Babcock & Wilcox Volund, http://www.volund.dk 
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• Fluidised bed boiler. 
 
Stoker-fired boiler 
In a stoker-fired boiler, the fuel is fed mechanically (e. g. with a spreader 
feeding) to the furnace where it is burned on a grate. This type of 
technology is well proven with long track record and is usually used in 
small to medium-scale projects. A scheme of a water-cooled vibrating grate 
is shown in the following figure. 
 

 
Figure 8-11: Scheme of a water-cooled vibrating grate for biomass fuels 45 
 
Fluidised bed boiler 
Fluidised bed boilers are a well proven technology, usually used in medium- 
to large-scale plants. A general feature of fluidised bed systems is that they 
are flexible in the use of different fuel types, which makes them suitable for 
co-firing strategies. Carbon burnout efficiency is high and as is the 
possibility to control NOx creation by low combustion temperatures. In 
fluidised bed systems, one can distinguish between bubbling and circulating 
fluidised beds:  
 
• Bubbling fluidised bed combustion system (BFB) consists of a 0.5 - 1.5 

m high bed on the fluidising air distribution plate. The fluidising velocity 
is about 1 m/s. Bed materials used can be sand, ash, fuel, dolomite, 
limestone, etc. 

 
A scheme of a BFB boiler for biomass s fuels is shown in the following 
figure. 
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Figure 8-12: Scheme of a bubbling fluidized bed boiler for biomass fuels46 
 
Circulating fluidised bed combustion (CFB) differs from BFB mainly in the 
bed material particle size and the fluidising velocity. These change the 
fluidising conditions so that part of the bed material is carried out from the 
bed, and it transits through the furnace to the second pass of the boiler.  
 
A scheme of a CFB boiler for biomass fuels is shown in the following 
figure. 
 

                                                 
46 Source: Austrian Energy & Environment, http://www.aee.co.at 
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Figure 8-13: Scheme of a circulating fluidized bed boiler for biomass fuels47 
 
Bubbling fluidised bed systems require lower capital requirement at modest 
scales (smaller than 20 MWe) and are more suitable for fuels with a high 
water content (e. g. bio-sludge) whereas circulating fluidised bed systems 
have better carbon burnout efficiencies, are better in absorbing acid gases 
and are more suitable for large-scale boilers. Against this background it is 
assumed  
 
The above described boiler technologies now exist in parallel for firing of 
biomass fuels, although for large-scale plants, fluidised bed combustion is 
favoured due to its higher operating efficiency and lower gaseous emissions 
whilst offering most flexibility between utilisation of fuel type. Therefore, 
the choice is made depending on scale, fuel, requirements for fuel flexibility 
and emission requirements, etc. 

8.5.4.3 Flue gas cleaning 

For biomass in its natural state, usually only measures for dust abatement 
are required. For dust abatement, both Electrostatic precipitator and fabric 
filters are currently applied. To comply with the official limits for other air 
pollutant concentrations, in the case of using biomass in its natural state 
primary measures (e. g. recirculation of the flue gas, staging the combustion 
air etc.) are sufficient and usually foreseen in modern biomass boiler.  
 
For precipitation of pollutants like SO2, HCL, HF etc., if required, dry 
sorbent injection processes (injection of calcium hydroxide or limestone) are 
usually applied. 
 

                                                 
47 Source: Foster Wheeler 
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8.5.4.4 Typical technical data 

The key characteristics of biomass power plants (capacity range: 5 – 
20 MWe) are summarized in the following table. 
 

Parameters Data 
State of the art Steam cycle process with stoker-fired or fluidized bed 

combustion boiler: Mature technology for different 
biomass fuels like wood 

Typical plant capacities 5 - 20 MWel 
Typical operation mode Base load 
Gross efficiency 25 - 30% 
Auxiliary system 
consumption 

10% of gross output 

Boiler efficiency 85 - 90 
Technical life time 20 years 
Emissions: 
- SO2  
- NOX  
- Particulates 

 
50 - 200 mg/Nm³ 

200 - 400 mg/Nm³ 
10 - 30 mg/Nm³ 

Availability 90 - 95% 
Boiler service period 0.5 - 1 year 
Design and construction 
time 

30 - 36 months 

Table 8-14: Key characteristics of biomass power plants (5 - 20 MWel) 

8.5.5 Potential plant sizes 

As starting point for biomass utilization for electricity generation, the aim 
should be to use biomass near to the place where it is cultivated. 
 
Pretreatment for better transportation to other island as well as interlinkage 
of the electricity grids is not considered. 
 
In Table 8-15 the biomass potential of the four analyzed islands is compared 
with the future energy demand. 
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Table 8-15: Matching of biomass potential and electricity demand 
 
The calculation of the fuel heat content of pines cultivated on each island is 
based on Table 8-13. A net efficiency of 25% was assumed to estimate the 
equivalent electricity production potential.  
 
Based on the future power demand as outlined in Chapter 9.1, it is observed 
that Andros has a very high biomass potential, but no significant electricity 
demand. At Eleuthera, on the other hand, the biomass potential is not 
sufficient for electricity generation. However, the biomass potential and the 
electricity demand on Abaco and Grand Bahama feature an attractive 
environment for bioenergy use. 
 
For the starting point it is assumed that 50% of the expected average power 
demand should be covered by biomass fueled base load plants. This would 
result in 8 MWel for Abaco and 42 MWel for Grand Bahama. For the latter 
there is sufficient biomass available, for the first the potential exceeds the 
need by far. 

8.5.6 Generic plant configuration for the Bahamas 

For the generic plant concept it is assumed that air dried wood, mainly from 
pines is used in stoker fired plants as described in chapter 8.5.4 above. A 
plant size of 5 MWe and is assumed. Depending on the sites and the logistic 
constraints larger plants are possible. In view of the figures given in table 
Table 8-15 plant sizes of more than 20 MWe are unlikely. Up to this size 
stoker fired plants are suggested. The plant is characterized by the following 
key data: 

   Abaco  Andros Eleuthera 
Grand 
Bahama 

Biomass potential      
 Pine forest  ha 47,754 56,383 42 46,266
 Fuel heating value GJ 5,825,957 6,878,752 5,111 5,644,407
 Eq. power gen. (approx.) MWel 54 64 0.05 52
Energy demand      
 Expected demand 2020 MWh 131,519 20,337 74,446 741,633
 Average power demand MWel 15 2 8 85
       
Estimated bioelectricity potential MWel 8   42
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Net power output  5 MWe 20 MWe 
    
Storage    
Storage capacity days 10 10 
Storage area m2 1,300 4,500 
Area storage facilities m² 3,000 9,000 
Total area m2 10,000 – 

15,000 
30,000- 
35,000 

    
Full load operation hours hrs / year 7,500 7,500 
Fuel consumption tons/ hr 

tons / yr 
4.8 

36,000 
18.6 

130,500 
Fuel heat release  MW 20 69 
Bottom ash kg/h 22 75 
    
Steam temperature °C 420 420 
Steam pressure bar (a) 60 60 
Condenser pressure, air cooled bar (a) 0.1 0.1 
    
Total capital cost BSD 19 mln 59 mln 

Table 8-16: Key data biomass power plant 

8.5.7 Electricity generation cost 

Based on the above discussed considerations, a preliminary calculation of 
power generation costs has been carried out and is summarized in Table 
8-17. 



 
 

 
7399P02/FICHT-6472615-v1  8-53 

 

 
    5 MWe 5 MWe 20 MWe 20 MWe
Baseline data       
Depreciation period a 15 15 15 15
WACC %/a 9 12 9 12
Cost of Biomass BSD/ton 20 20 20 20

Cost of Biomass 
BSD/ton (water 
free) 24 24 24 24

  BSD/MWh(LHV) 4.7 4.7 4.7 4.7
LHV MWh/t(water free) 5.0 5.0 5.0 5.0
Labor cost BSD/a 45 45 45 45
Maintenance %/year 2 2 2 2
Insurances %/year 1.2 1.2 1.2 1.2
Miscellaneous BSD/MWh(LHV) 3.7 3.65 3.7 3.65
        
Technical data       
Electric net power MW 5.0 5.0 20.0 20.0
Fuel heat release MW 20.0 20.0 71.4 71.4
Efficiency % 25 25 28 28
Full load operation hours h/a 7,500 7,500 7,500 7,500
Yearly electricity 
production (net) MWh/a 37,500 37,500 150,000 150,000

Biomass consumption 
ton/year (water 
free) 30,120 30,120 107,573 107,573

  MWh(LHV)/year 150,000 150,000 535,714 535,714
Personnel persons 12 12 15 15
        
Capital cost T BSD 19,500 19,500 59,113 59,113
        
Yearly costs       
Interest and depreciation T BSD / a 2,419 2,863 7,333 8,679
Biomass T BSD / a 709 709 2,531 2,531
Personnel T BSD / a 540 540 675 675
Maintenance T BSD / a 390 390 1,182 1,182
Insurances T BSD / a 234 234 709 709
Miscellaneous T BSD / a 548 548 1,955 1,955
Total cost T BSD / a 4,839 5,283 14,387 15,732
        
Power generation cost BSD / MWh 129 141 96 105

Table 8-17: Calculation of power generation cost 
 
Currently there is a high uncertainty regarding the biomass production cost. 
Therefore the influence of deviating biomass costs has been investigation 
within a sensitivity analysis. The results are given in Figure 8-14. 
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Figure 8-14: Sensitivity analysis regarding cost of biomass 
 

8.5.8 Conclusions  

Summarizing the above, the following conclusion can be drawn:  
 
• The availability of a common electric grid with submarine cables can not 

be assumed for the near future. As a consequence, either the biomass has 
to be transported or the production of electricity has to be limited to the 
extent to which the biomass potential matches the electricity demand.  

 
• Transportation of untreated biomass is not a suitable option because of 

the low energy density of biomass in conjunction with the need to 
load / unload the biomass to ships. The overall costs for transport 
would be too high. 

• Pretreatment technologies for biomass like torrefaction or flash 
pyrolysis have the potential to contribute to an optimized biomass 
utilization scheme, but have not yet the technical maturity which is 
required.  

 
• As a consequence, biomass utilization should take place to the extent to 

which the electric demand at one island can be covered by the biomass 
cultivated at the same island.  

• It is assumed that as a starting point only pines forests will be cultivated 
and used. Wood is advantageous under a technical point of view and 
pines are ecologically positive.  

• Under these constraints there is a potential for 8 MWel from biomass at 
Abaco and for 42 MWel at Grand Bahamas. This would result in a yearly 
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power generation from biomass of 375.000 MWh which equals to 
approx. 12.5% of the total expected demand of the Bahamas in 2010.  

• Based on first experiences with these plants, the cultivation and use of 
biomass can be extended. The theoretical potential is much higher if 
pretreatment and transportation is assumed. 

• The capital costs for one generic biomass power plant with 5 MWel net 
output are estimated to be about BSD 19 mln. For a plant with 20 MWe 
the respective figure is about BSD 59 mln. The final dimensioning of 
plants has to be carried out at a later stage depending on site availability 
and optimizing biomass logistics and grid tie-in.  

• The power generation costs will be in the range of BSD 100 to 200 per 
MWh, strongly depending on the cost of biomass. 

 

8.6 Initial Environmental impact assessment of bio energy 

Generating electricity from biomass generates mainly air and noise 
emissions from the thermal conversion facility, but also from the upstream 
activities required to produce, process and provide the biomass. Both, the 
cultivation of biomass and the electricity generation in a biomass power 
plant are recognized in the initial environmental impacts assessment of bio 
energy. 

8.6.1 Cultivation of biomass 

Various species haven been considered regarding their suitability for being 
grown as energy crops on The Bahamas. The ecological and technological 
analysis revealed that the rather slow growing tree species Pinus caribaea 
qualifies best due to the following reasons: 
 
• Pinus caribaea is a native tree species which forms part of the natural 

ecosystem of The Bahamas. There is no risk that other endemic species 
are replaced. 

• Large areas are naturally dominated by Pinus, indicating that the species 
is naturally very well adapted and competitive under the conditions of 
The Bahamas. 

• In comparison to other bioenergy crops (e.g. sugar cane) the species does 
not have a high water demand, therefore significant ground water 
withdrawals are not expected as a result of Pinus caribaea cultivation.  

• As the species is not dependent on a high soil nutrient content fertilizing 
will not be necessary. Thus there is no risk of eutrophication and 
aciditation (though phosphates and nitrates) of surface and ground water 
resources. 

• From a technological point of view the tree species is a preferred 
feedstock. 

 
There is no general answer on the question whether Pinus caribaea fuelwood 
plantations cause positive or negative environmental impacts. It is rather a 
question of the ecological context in which they are established regarding 
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• the status of the site prior to plantation establishment and 
• the type of management of the plantations including its integration into 

the surrounding landscape.48 

8.6.1.1 Status of the site prior to plantation establishment  

Pinus caribaea can be cultivated on a wide range of sites and the species 
even grows in dry, nutrient-poor soils or on degraded sites. Being robust 
pioneer species, pines are well suited for reforestation purposes.49 
 
Locally significant environmental benefits can be achieved when tree 
plantations are established on degraded lands. These benefits can include 
among others:50 
 
• Protection of water quality; 
• Reduction of floods during wet seasons and maintenance of water 

supplies during dry seasons; 
• Erosion prevention; 
• Improvement of local microclimate through evaporative cooling and 

humidification; 
• Wind breaks and shelters that reduce erosion and conserve water; 
• Improvement of soil properties; 
• Protection of wildlife (e.g. by buffering native forest remnants and in 

enhancing connectivity between areas of native ecosystems) and other 
components of biodiversity. 

 
In case unmanaged natural forests or forests managed for low intensity uses 
(e.g. for timber production) are replaced by fuelwood plantations negative 
impacts can occur. These can include for example: 
 
• Increased erosion and reduction of water quality as a result of forest 

harvesting; 
• Increased rates of runoff and decreased water-holding capacity; 
• Degradation of soil quality and productivity; and 
• Reduction of biodiversity through alteration of forest structure and 

creation of tree monocultures. 
 
As shown above, if Pinus caribaea is cultivated on degraded lands, positive 
environmental impacts can be expected. Nevertheless, these areas are very 
likely characterized by a lower site quality in comparison to existing forest 

                                                 
48J-M Carnus, J Parrotta, EG Brockerhoff, M Arbez, H Jactel1, A Kremer1, 
D Lamb, K O’Hara & B Walters (2003): Planted Forests and Biodiversity, p.16 
49 FAO (2001): Mean annual volume increment of selected industrial forest plantation 
species, p. 10. 
50 R Perlack, L Wright, M Huston, W Schramm (1995): Fuel from Woody Crops for 
Electric Power Generation, Oak Ridge National Laboratory, p. 37 
http://bioenergy.ornl.gov/reports/fuelwood/chap4.html (27/07/2010) 
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or agricultural sites. A lower site quality results in a lower annual increment 
of the trees that can only be balanced out by enlarging the plantation area. 
 
In general, the production of fuelwood is a trade-off between stand 
productivity and potential negative environmental impacts in case the 
species is planted on areas other than degraded sites - even if some impacts 
can be mitigated by improved plantation management as shown in the 
following. 

8.6.1.2 Plantation establishment and management 

The following management measures could help to minimize or avoid 
potential negative impacts from establishing fuelwood plantations and to 
increase the benefits:  
 
• Location, planting, and harvesting tracts of energy crops should be done 

in a way that help improve pathways for animals to move between 
habitats and across landscapes in any particular year. 

• Harvesting with heavy equipment during rainy seasons is especially 
likely to cause serious soil erosion and soil compaction and may destroy 
the long-term productivity of a plantation. Furthermore the plantations 
should not be located on steep, erodible soils to reduce the risk of soil 
erosion. 

• Use of natural seed source with a wider genetic diversity enabling the 
plantations to cope better with calamities such as insect attacks or 
climatic events (storms, hurricanes etc.). 

• Increasing the degree of biodiversity at the landscape scale can be 
achieved by creating mosaics of different planted forest and natural 
vegetation habitats, even if each of the individual plantation stands 
within that landscape are established as simple monocultures. 

• In predominately agricultural areas plantations bordering to natural 
forests can reduce "edge effects" and expand the usable areas for forest 
flora and fauna. 51 

8.6.1.3 Recommendations 

For the spatial analysis land use data from 1974 have been available. The 
data only provide a rough indication regarding the land use more than 30 
years ago. It is therefore not clear if these areas are still used in the same 
manner as in the ' 70s. Furthermore these data do not reveal any information 
on current site quality and suitability for establishing fuelwood plantations. 
 
To determine appropriate sites for establishing a Pinus caribaea fuelwood 
plantation and to find an appropriate trade-off between stand productivity 

                                                 
51 J-M Carnus, J Parrotta, EG Brockerhoff, M Arbez, H Jactel1, A Kremer1, 
D Lamb, K O’Hara & B Walters (2003): Planted Forests and Biodiversity, p.16 - 17 
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and potential negative environmental impacts if the stands are implemented 
on non-degraded land the following steps are recommended: 
 
• Collection of geographically located information regarding 

• soils and geology, 
• natural vegetation and current land uses, 
• topography, watershed boundaries, stream/river systems, 
• roads, local political jurisdictions, land ownership and tenure 

information, location of cultural and historical resources and 
• location of nature preserves and rare habitats and species. 

 
• Compilation of the information using geographical information systems 

(GIS). 
• Pre-selection of sites and assessment of yields that can be expected on 

the sites, 
• Final-selection of the sites 
• Establishing of test-plots to verify the expected yields. 
 

8.6.2 Biomass power plant 

Construction phase 
Construction activities will take place for a certain timeframe which means 
that all construction activities are limited and not permanent. The set-up of 
the construction site is situated on-site, thus any additional land use is not 
necessary. 
 
Construction work mainly includes the following activities: 
 
• Ground clearing (for site preparation and access roads) 
• Transportation of materials 
• Excavation and filling 
• Transportation of supply materials and fuels 
• Construction of foundations for service building 
• Installation of equipments 
• Operation of cranes for unloading equipments 
• Commissioning of new equipment. 
 
Environmental issues associated with these construction activities may 
include, among others, noise and vibration, soil erosion and consolidation, 
and threats to biodiversity, including habitat alteration and impacts to 
wildlife. 
 
However due to short construction period and appropriate mitigation 
measures, such as covering and storing of all waste materials to minimize 
dust emission, little impact is expected generally during the construction 
phase of biomass power plants. 
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Nevertheless, a baseline investigation should be conducted prior to 
construction in order to avoid that construction activities will affect 
particular sensitive ecological habitats that may suffer from construction 
works. 
 
Air quality 
Combusting biomass resources generate air emissions which could 
negatively affect the air quality. Exhaust gases generated through 
combusting biomass resources include substances considered harmful to the 
environment such as coarse and fine particulate matter, nitrogen dioxide 
(NOX), acid gases like sulfur dioxide (SOX) and hydrogen chloride (HCl), 
carbon monoxide, dioxides, furans, and heavy metals. However, the air 
emissions vary depending upon the precise fuel and technology used. 
 
NOX compounds, i.e. the gaseous oxides of nitrogen, are produced in the 
course of every combustion process. An advantage of wood combustion 
compared to oil combustion is a reduced level of NOX formation and 
discharge. Considering small scale wood-fueled biomass power plants, as 
proposed in the previous chapter, a strictly controlled combustion, e.g. a 
lower combustion temperature, could reduce fixation of air-bound nitrogen 
and should be sufficient to comply with national environmental standards. 
Where necessary, the use of Selective Non Catalytic Reduction (SNCR) 
lessens NOX emissions. This process converts NOX to environmentally 
neutral nitrogen and water by addition of ammonia water or urea. 
As underlined in the previous chapter, wood from Caribbean Pine (Pinus 
caribaea) is proposed as the primary biomass resource. Wood is inherently 
low in sulfur content and chloric substances, so SO2 and HCl emissions are 
not of concern. 
However, particulates need to be removed form the exhaust gas of wood-
fueled biomass power plants. These dusts are partly produced during the 
incineration process, but also by the individual components of the flue gas 
cleaning process if necessary. Appropriate flue gas cleaning systems are 
fabric filters and electrostatic precipitators. They are mainly used to separate 
solid as well as, to a small extent, gaseous components. 
 
The installation of an emission control system ensures that wood-fueled 
biomass power plants do not contribute to air pollution which in turn could 
cause harmful impacts on air quality and the health of human beings as well 
on flora and fauna. 
 
Noise 
The operation of the biomass power plant will mainly generate noise from 
the steam turbine / generator, boiler, exhaust stack, baghouse (fabric filter), 
air cooled condenser (fans), pumps, valves, and the transformer. Most of 
these equipments are placed inside of buildings, where the building 
envelopes act as a sound absorber. Furthermore, insulation of these areas 
and noise control equipment could be incorporated to reduce noise levels. A 
further noise source is vehicular traffic caused by an increased traffic due to 
the delivery of wood along the main access routes to the power plant. 
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Without knowing the site, the disturbing effects of noise pollution resulting 
from the operation of the biomass power plant can not be assessed. A 
consultant’s report on noise should asses the local noise situation and the 
required measures needed to comply with national noise limit values. Based 
on that and on an appropriate site selection, it can be assumed that the plant 
operation does not have any negative acoustic impact. 
 
Visual Impacts 
Depending on the location, i.e. topography and landscape, a biomass power 
plant could have an impact on visual resources. The stack of the power plant 
is predicted to have the most visual impact on the landscape context. The 
stack-height of a 5 MW biomass power plant is about 35 m. 
However, the visual impacts are related to their interaction with the 
character of the surrounding landscape. While the location in an industrial 
environment does probably not have any aesthetic impacts, the construction 
of a biomass power plant can dominate an open landscape. 
 
Odor 
Normally, hardly any odorous substances will be emitted from a wood-
fueled biomass power plant during normal operation. Wood is combusted 
under high temperature in a boiler. Unlike wood burning stoves, smoke is 
not produced during the firing of the boiler. Furthermore, the exhaust gas is 
led to the atmosphere via filters and a stack. 
 
Considering the storage of the biofuel, the storage of dry wood under a roof 
does not cause an emission of odors, other than for a characteristic “wood” 
smell which is not expected to be objectionable. 
 
Environmental effects with respect to odors to off-site receptors are not 
expected from wood-fueled biomass power plant. 
 
Climate 
Normally, relevant impacts on the local and regional climate are not 
expected due the operation of a 5 MW biomass power plant. 
 
During the operation of biomass power plants the greenhouse gas carbon 
dioxide (CO2) is released. Since the wood is burned at the biomass power 
plant, the carbon stored in the woody tissue combines with oxygen to 
produce carbon dioxide. Nevertheless, this carbon is part of the carbon 
cycle, of growing, processing and burning/decaying. The combustion of 
wood does only release that amount of CO2 that the trees have stored during 
its growth phase before. It is irrelevant if the wood is combusted or decays 
in the forest as the CO2 release corresponds with the stored CO2 during the 
growth phase. If this cycle is sustained, there is little or no net gain in 
atmospheric CO2. Only the wood treatment and transport causes CO2 
emissions. 
 
Besides the local available fuel (wood), the CO2-neutral process of power 
generation is one of the main advantages of biomass power plants compared 
to fossil-fuel power stations like oil-fired power stations. 
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Ashes 
Depending on the used fuel, particulates resulting from the combustion of 
biomass resources could contain harmful substances like heavy metals. 
While ashes from polluted matured timber must be deposited on hazardous 
waste sites, wood ashes from unpolluted fuels like fresh pines can be used 
as fertilizer. Thus, the ashes from the proposed wood-fuelled biomass power 
plant can be used as fertilizer. 
 
Habitat alteration 
In general, impacts on flora and fauna are not expected. Minor habitat 
alterations could result from the land utilization needed to construct the 
plant and noise emission. 
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9. Deployment Scenarios 

9.1 Current and future power demand 

For investigating the opportunities of energy efficiency and renewable 
energy on The Bahamas the present status and the prospective development 
of power supply and demand is analyzed. Since all islands have only 
individual grids i.e. no interconnectors exist so far between islands numbers 
are separated by individual inhabited islands to allow for an analysis island 
by island. Data on power plant capacities and efficiencies are based on 
information supplied by BEC to the project “Strengthening the Energy 
Sector in The Bahamas”. Data were amended where needed based on 
analogies. We emanate e.g. for a homogeneous load factor for most of the 
Family Islands. Since BEC does not supply Grand Bahama our knowledge 
on the power supply system there is limited. Starting from the known 
capacity of 139.2 MW we calculate demand based on an equivalent capacity 
factor as on New Providence (Table 9-1).  
 

 Present status 2009 
 Power Plant 

capacity 
Demand Load 

Factor 
Peak 

Demand 
Island MW Eff.% kWh   MWp 

Abaco 39.52 36.8% 95,932,674 0.49 22.35
Acklins 1.32 29.9% 1,406,565 0.48 0.33
Bimini 15.64 34.9% 19,615,762 0.48 4.67
Cat Island 4.43 34.9% 6,326,803 0.48 1.50
Central Andros 1.44 29.0% 6,981,600 0.48 1.66
Crooked Island 1.63 32.1% 1,762,327 0.48 0.42
Eleuthera 34.40 35.9% 57,533,843 0.61 10.77
Exumas 20.92 39.4% 47,488,805 0.68 7.97
Grand Bahama 139.2   554,733,645 0.61 103.81
Great Harbour Cay 2.66 37.1% 4,118,957 0.48 0.98
Long Island 5.46 32.2% 14,135,400 0.48 3.36
Mayaguana 0.72 27.5% 931,245 0.48 0.22
New Providence 350.5 35.9% 1,396,797,000 0.68 234.49
North Andros 5.19 27.2% 8,377,069 0.48 1.99
Ragged Island 1.19 43.7% 1,056,320 0.48 0.25
Rum Cay 0.58 29.3% 739,261 0.48 0.18
San Salvador 2.99 36.7% 9,436,871 0.48 2.24
South Andros 3.54 35.3% 6,835,348 0.48 1.63
Total / Average 631.32 35.9% 2,234,209,494 0.52 399

Table 9-1: Present status of power supply on The Bahamas. 
 
 
 
 



 
 

 
7399P02/FICHT-6472615-v1  9-2 

 

 
 
Total installed power sums up to 631 MW on all islands together. The sum 
of peak demand on all islands is 399 MW. The time distribution of loads are 
unknown for the entire load as well as for individual islands. Thus, the 
effective peak load of all islands together might be substantially lower since 
peaks on individual islands will occur at different times. Presently, 
2,234 GWh power are consumed on The Bahamas. The islands with the 
highest consumption are New Providence, Grand Bahama, Abaco and 
Eleuthera. 
 
For the future power demand, two different scenarios are presented. The 
first scenario is provided by BEC. We have considered this as a Business-
As-Usual (BAU) scenario where past trends are projected in the future. 
Projections based on BEC expectations indicate that the peak demand will 
increase to 541 MW by 2020. The related consumption will increase in the 
BAU scenario by 33% until 2020 leading to a consumption of almost 
3,000 GWh. The islands with the highest consumption are New Providence, 
Grand Bahama, Abaco and Eleuthera (Table 9-2). 
 

Demand Peak Demand Peak Demand Peak
Island kWh MWp kWh MWp kWh MWp

Abaco 95,932,674 22.35 131,519,000 30.48 112,045,203 27.51
Acklins 1,406,565 0.33 1,880,461 0.46 1,602,024 0.42
Bimini 19,615,762 4.67 26,224,648 6.47 22,341,609 5.84
Cat Island 6,326,803 1.50 8,458,411 2.09 7,205,989 1.88
Central Andros 6,981,600 1.66 9,333,821 2.30 7,951,777 2.08
Crooked Island 1,762,327 0.42 2,356,086 0.58 2,007,224 0.52
Eleuthera 57,533,843 10.77 74,446,000 13.96 63,422,906 12.60
Exuma 47,488,805 7.97 62,999,000 10.67 53,670,844 9.63
Grand Bahama 554,733,645 103.81 741,632,908 144.03 631,820,572 130.00
Great Harbour Cay 4,118,957 0.98 5,506,703 1.36 4,691,335 1.23
Long Island 14,135,400 3.36 18,897,858 4.66 16,099,684 4.21
Mayaguana 931,245 0.22 1,244,997 0.31 1,060,653 0.28
New Providence 1,396,797,000 234.49 1,867,066,000 315.20 1,590,612,681 284.49
North Andros 8,377,069 1.99 11,199,447 2.76 9,541,164 2.49
Ragged Island 1,056,320 0.25 1,412,212 0.35 1,203,108 0.31
Rum Cay 739,261 0.18 988,331 0.24 841,990 0.22
San Salvador 9,436,871 2.24 12,616,314 3.11 10,748,238 2.81
South Andros 6,835,348 1.63 9,138,294 2.26 7,785,202 2.04
Total 2,234,209,494 398.82 2,986,920,492 541.31 2,544,652,204 488.56

Efficiency scenario
2009 2020

Forecast BEC BAU
2020

 
Table 9-2: Prospective power demand for 2020 on The Bahamas under two different 

scenarios 
 
The second scenario is the efficiency scenario. This is taking into account 
cumulated benchmark savings for domestic electricity users and hotels as 
determined in Chapter 3. We assume here, that by 2020 half of the domestic 
households have changed their presently existing electrical appliances to the 
standard of the best present user. Assuming a typical re-investment cycle of 
ten years this would mean that half of the customers would decide for the 
presently best available technology. We deem this as achievable particular 
since we have not considered that even more efficient appliances will get 
available in the near future. We have further considered that 50% of the 
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present domestic hot water demand will be covered with solar water heaters 
by 2020. Assuming a typical re-investment cycle of 20 years for hot water 
boilers this would mean that every existing boiler due for replacement will 
be replaced by a solar water heater. Since solar water heaters are cost saving 
against electrical boilers we deem this as ambitious but achievable. The 
saving potential in hotel amounts to roughly 50% of present electricity 
consumption. We assume that 50% of this potential can be mobilized by 
2020. On one side commercial customers might be more sensible to reduce 
energy costs since it will directly increase their profits. However, required 
pay back times in the hotel sector are very low and energy costs has been 
not a major cost item in the past so that one will encounter some inertia 
when deploying the potential of energy efficiency in the hotel sector. Note 
that this scenario does not take into account any savings potentially to be 
achieved in industry or public buildings. Further, the underlying scenario of 
BEC does not disclose any assumptions on efficiency patterns. So the 
growth assumed in the BAU scenario might be dampened when more 
efficient equipment is used for the share of power consumption in 2020 
additional to 2009. 
 
Total power demand in the efficiency scenario is reduced by almost 15% 
against Business-as-usual. However, this is still almost 14% higher than 
present consumption. We expect peak demand to be reduced against 
business-as-usual to the same extent as power demand thus assuming that 
the load shape will be not affected. In practice one might see higher peak 
load reductions since particular solar water heaters is expected to have a 
reducing impact on the peak load. 
 
In a further step, the possible development until 2030 was estimated. We 
derived the power demand under the BAU scenario by assuming a constant 
annual growth of power demand of 2%/yr. Thus, power demand would 
increase 22% against 2020 by 2030 and would be 63% higher than present 
power demand (Table 9-4). For the EFFICIENCY case 2030, we assume 
that the entire saving potential and the entire potential for solar water 
heaters in present applications are put into action. This means that all 
presently existing appliances will be substituted by benchmark appliances 
when reinvestment is due. So power demand can be reduced by 30% against 
the BAU case 2030. Still, power consumption will be 15% higher than 
presently.  
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Demand Peak Demand Peak Demand Peak
Island kWh MWp kWh MWp kWh MWp

Abaco 95,932,674 22.35 160,320,927 37.15 112,844,028 29.91
Acklins 1,406,565 0.33 2,292,272 0.57 1,613,446 0.46
Bimini 19,615,762 4.67 31,967,700 7.89 22,500,893 6.35
Cat Island 6,326,803 1.50 10,310,756 2.54 7,257,364 2.05
Central Andros 6,981,600 1.66 11,377,875 2.81 8,008,470 2.26
Crooked Island 1,762,327 0.42 2,872,055 0.71 2,021,534 0.57
Eleuthera 57,533,843 10.77 90,749,259 17.02 63,875,079 13.70
Exuma 47,488,805 7.97 76,795,429 13.01 54,053,490 10.47
Grand Bahama 554,733,645 103.81 904,046,377 175.58 636,325,127 141.36
Great Harbour Cay 4,118,957 0.98 6,712,641 1.66 4,724,782 1.33
Long Island 14,135,400 3.36 23,036,384 5.69 16,214,467 4.58
Mayaguana 931,245 0.22 1,517,645 0.37 1,068,215 0.30
New Providence 1,396,797,000 234.49 2,275,943,036 384.23 1,601,952,929 309.35
North Andros 8,377,069 1.99 13,652,063 3.37 9,609,187 2.71
Ragged Island 1,056,320 0.25 1,721,479 0.42 1,211,686 0.34
Rum Cay 739,261 0.18 1,204,770 0.30 847,993 0.24
San Salvador 9,436,871 2.24 15,379,217 3.80 10,824,867 3.06
South Andros 6,835,348 1.63 11,139,529 2.75 7,840,706 2.21
Total 2,234,209,494 398.82 3,641,039,413 659.85 2,562,794,262 531.26

2030 2030
Forecast BEC BAU Efficiency scenario

2009

 
Table 9-3: Prospective power demand for 2030 on The Bahamas under two different 

scenarios 
 

9.2 Integration of renewable power generation  

Our analysis of the natural potential shows that there are abundant resources 
for renewable energy. Renewable energy is able to easily cover the entire 
power demand. However, there are various aspects which may restrict the 
use of renewable energy from the demand point of view.  
 
Regarding cost characteristics, renewable energy power plants are generally 
base load power plants featuring high specific investment costs but low 
running costs. Therefore RE power plants should cover base load for an 
economical viable operation to make sure that the power generated will be 
absorbed and purchased at any given time. Typically, base load is 50-60% 
of peak load in terms of MW but stands for 70-80% of the power demand in 
terms of MWh. Thus, a maximum renewable capacity of 50% of the total 
peak load allows for a most economical viable operation. 
 
Further, one needs to distinguish between two groups of renewable energy 
technologies:  
• Intermittent renewable energies like wind power and solar power where 

energy generation is fluctuating depending on the fluctuating character of 
the underlying energy; 

• Controllable renewable energies like bioenergy, geothermal power, 
hydropower, and most of ocean energy technologies. 

 
Output of the second group of technologies can be easily adjusted to the 
actual demand. In this respect they are very similar to conventional, fossil 
fuelled power plants. These technologies may not only replace the power 
from fossil fuelled plants but may contribute also in terms of capacity i.e. a 
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controllable renewable energy plant as e.g. a biomass fired plant can 
actually replace entirely a conventional plant.  
 
Against that power generation of the first group of technologies is somewhat 
random and variable so that generation does not necessarily match demand. 
One may regard an intermittent generation as a negative load reducing the 
fluctuating positive load from demand. It very much depends on the 
characteristics of the conventional, fossil fuelled based power supply system 
what share of the consumption can be covered by intermittent sources. 
Generator sets driven by internal combustion engines are usually highly 
adaptable to fluctuating loads. Against that large steam turbine power plants 
particularly when fired with coal are less adaptable. On The Bahamas, the 
entire portfolio of power plants is oil driven. Internal combustion engines 
like two stroke and four stroke diesel engines and gas turbines are 
prevailing. On the Family Islands middle fast running and fast running 
diesel gensets are prevailing. In the whole, these engines can easily adapt to 
shifting loads and represent an ideal framework for accommodating also 
intermittent renewable energy sources. In other words, the existing power 
plant portfolio constitutes no restriction for the deployment of large shares 
of renewable energy.  
 
The generation profile of some intermittent sources may even match well 
with the load profile. The cooling demand is usually the highest when the 
sun shines and that is exactly when PV provides the highest output. In this 
regard, PV is best suited to provide peak power. However, on The Bahamas 
peak demand typically occurs during evening hours so peak demand is 
obviously not dominated by cooling demands.  
 
The individual islands of The Bahamas are not interconnected to each other 
(Table 9-1). Thus individual grids are often quite small making it more 
difficult to accommodate RE than in larger grids. This is because certain RE 
technologies like bio energy, wave power or wind power farms require a 
certain minimum plant size which may exceed the limits of grids as 
described further above. Moreover, one does not benefit of spatial 
distribution of RE power plants. Since wind may blow on one site (or the 
sun shines on one site) but not on another site at a certain given time it is 
more likely that RE power plants widely distributed over a larger area will 
supply power than a few plants which are situated closely to each other. So 
in a grid which extents over a larger area than the typical size of an 
individual island on The Bahamas, intermittent RE power plants will 
contribute to reliable capacity. Against that, the current situation of The 
Bahamas with separate grids for each island suggests that intermittent RE 
power i.e. wind energy and solar energy will be operated in a fuel saver 
mode. So the existing conventional power plants need to be maintained as 
back-up. 
 
The technical and economical feasibility of interconnectors between islands 
needs to be investigated in separate studies. Such investigations might be 
worth also for optimizing the existing fossil power plant portfolio since total 
reserve capacity can be reduced and larger plant unit sizes would be 
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achievable. Here we provide only a rough estimate of the costs of 
interconnectors to depict the influence on RE deployment. For the purpose 
of a further deployment of RE interconnectors with New Providence seems 
most advantageous because most power is consumed on New Providence 
but potential of RE is limited. The interconnector New Providence - 
Eleuthera (65 km distance) is considered. Interconnection of New 
Providence with other islands than Eleuthera would require crossing the 
Tongue of the Ocean. Albeit the water depth of 1000 meters in the Tongue 
of the Ocean is not an insurmountable barrier per se for an interconnector, 
the steep walls of the Tongue of the Oceans may create a particular 
challenge for a sea cable with related cost increases. So we do not cover any 
other interconnector to New Providence than this with Eleuthera. As an 
example of coupling two Family Islands the interconnection between Grand 
Bahama and Abaco (60 km distance) is regarded.   
The power to be transmitted would be typically less than 50 MW. This and 
the distances of less than 100 km deems us medium voltage AC cables most 
appropriate. Technical alternatives would be higher voltages and/or DC 
cables.  
  
In a recent study52 for the entire Caribbean region the following formula 
was derived from past projects for estimating connection costs: 
 
Cost per MW = 230,000 + 850 x Route Length in km 
 
However, a direct comparison of the results of this formula with planed 
projects in the Caribbean shows, that this formula underestimates costs by a 
factor of two at least. FICHTNER experiences also indicate higher values 
than expressed by the NEXANT formula. We thus introduce a correction 
factor of 2 into the formula.  
 
Cost per MW = (230,000 + 850 x Route Length in km) x 2 
 
As a result, the following costs are calculated 
 
Interconnector Distance (km) Power (MW) mill USD 
NP-Eleuthera 65 50 28,525 
GB-Abaco 60 50 28,1 
 
Intermittent RE sources may also act as a reliable power source when they 
are combined with load shaping and storage devices. Load shaping means 
that the central power dispatcher has control over certain loads allowing to 
switch off these loads in certain ranges when available power gets scarce 
and switch on again these loads when power is abundant. For instance, cold 
storage houses can be cooled down below the target temperature, allowing 
to switch of cooling in peak demand times. Whereas load shaping primarily 
relies on the inherent inertia some consuming devices features storage 
devices are actively implemented means to store energy. Storage of power is 

                                                 
52 Nexant: Caribbean Regional Electricity Generation, Interconnection, and Fuels Supply 
Strategy. Interim Report prepared for the World Bank. January 2010. 



 
 

 
7399P02/FICHT-6472615-v1  9-7 

 

very expensive and usually only established to increase reliability of power 
supply systems but not for expanding the opportunities for RE power. 
Thermal storage is a less expensive means for energy storage. For instance 
hotels may erect cold storage for driving the air-conditioning. The cold 
storage which could be a simple tank filled with water would be charged, 
i.e. cooled down excess power is available and will be discharged i.e. 
warmed up to supply cold to the air-conditioning when power supply is 
short.  
 
Desalination plants are another example: They might be only operated when 
excess RE power is available but shut off at peak demand times. Water 
tanks storing the freshwater might need to be enlarged to allow more 
flexibility in operation. We have investigated the potential of desalination 
for power storage (Table 9-4). For this purpose the existing reverse osmosis 
capacities are shown. We assume an average power demand of 4 kWh/m³ of 
freshwater. We further assume that the desalination plants are running 8000 
annual full load hours for calculating their peak demand. As the table shows 
the potential for peak shaving is rather limited since the desalination peak 
demand is 4% at the maximum and 1% in average. In energy terms up to 
5% of the total demand could be stored and discharged on a daily basis. The 
capacity of desalination plants might increase in the future as more and 
more desalination is also considered for e.g. New Providence.  
 

 Desalination avg 
daily supply 

RO power demand 

Island KIGD m³/d kWh/yr %/annu
al 
demand 

kW %/ 
total peak 

Abaco 45 203 296,679 0.3% 37 0.2% 
Bimini 148 671 979,637 5.0% 122 2.6% 
New Providence 6915 31435 45,895,588 3.3% 5737 2.4% 
Grand Bahama 5 22 32,522 0.0% 4 0.0% 
Eleuthera 454 2064 3,013,246 5.2% 377 3.5% 
San Salvador 84 383 558,844 5.9% 70 3.1% 
Exuma 384 1743 2,545,330 5.4% 318 4.0% 
Ragged Island 1 6 8,628 0.8% 1 0.4% 
Long Island 76 347 506,411 3.6% 63 1.9% 
Crooked Island 1 4 5,973 0.3% 1 0.2% 
Acklins 9 41 60,398 4.3% 8 2.3% 
Total / Average     53,903,256 2.4% 6153 1.0% 
Table 9-4: Existing desalination capacities and resulting power demand. 
 
For the scenario of potential renewable energy deployment until 2030 we 
disregard any storage facilities and load shaping measures. In this first phase 
of RE deployment intermittent renewable energies serve mainly as fuel 
savers. The only exception is when cables interconnect islands. Then RE 
power plants would be more spatially distributed so that for the case of wind 
power 15% of the installed wind power capacity is regarded as a reliable 
power source substituting also plant capacity. We restrict the potential 
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contribution of RE until 2030 to 50% of the peak load in the BAU scenario 
(Table 9-5). A maximum of 20% of the total peak load may come from 
intermittent RE sources. For the maximum possible generation from RE 
potentially to be absorbed we assume that the base load capacity may 
generate 70% of total power supply. The maximum contribution of 
intermittent renewable energies depends on the capacity factor of the 
individual technologies chosen, e.g. photovoltaic plants is a lower capacity 
factor than wind power plants.  
 

2030 BAU Maximum RE 2030 

thereof 
maximum 
intermittent 
RE  

  Demand  Peak Demand Demand  Capacity Capacity 

Island kWh MWp kWh MWp MWp 

Abaco 160,320,927 37 112,224,649 18.58 7.43

Acklins 2,292,272 1 1,604,590 0.28 0.11

Bimini 31,967,700 8 22,377,390 3.94 1.58

Cat Island 10,310,756 3 7,217,529 1.27 0.51

Central Andros 11,377,875 3 7,964,513 1.40 0.56

Crooked Island 2,872,055 1 2,010,439 0.35 0.14

Eleuthera 90,749,259 17 63,524,481 8.51 3.40

Exuma 76,795,429 13 53,756,801 6.50 2.60

Grand Bahama 904,046,377 176 632,832,464 87.79 35.12

Great Harbour Cay 6,712,641 2 4,698,849 0.83 0.33

Long Island 23,036,384 6 16,125,469 2.84 1.14

Mayaguana 1,517,645 0 1,062,351 0.19 0.07

New Providence 2,275,943,036 384 1,593,160,125 192.11 76.85

North Andros 13,652,063 3 9,556,444 1.68 0.67

Ragged Island 1,721,479 0 1,205,035 0.21 0.08

Rum Cay 1,204,770 0 843,339 0.15 0.06

San Salvador 15,379,217 4 10,765,452 1.90 0.76

South Andros 11,139,529 3 7,797,670 1.37 0.55

Total 3,641,039,413 660 2,548,727,589 329.93 131.97

Table 9-5: Maximum renewable energy capacity and generation by 2030 which could 
be absorbed with power demand according to the BAU scenario. 

 
A slightly different picture is painted when we assume a reduced power 
demand as described in the Efficiency Scenario (Table 9-6).  
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2030 Efficiency scenario Maximum RE 2030 

thereof 
maximum 
intermittent 
RE  

  Demand  Peak Demand Demand  Capacity Capacity 

Island kWh MWp kWh MWp MWp 

Abaco 112,844,028 29.91 78,990,819 14.96 5.98

Acklins 1,613,446 0.46 1,129,412 0.23 0.09

Bimini 22,500,893 6.35 15,750,625 3.18 1.27

Cat Island 7,257,364 2.05 5,080,154 1.02 0.41

Central Andros 8,008,470 2.26 5,605,929 1.13 0.45

Crooked Island 2,021,534 0.57 1,415,074 0.29 0.11

Eleuthera 63,875,079 13.70 44,712,555 6.85 2.74

Exuma 54,053,490 10.47 37,837,443 5.24 2.09

Grand Bahama 636,325,127 141.36 445,427,589 70.68 28.27

Great Harbour Cay 4,724,782 1.33 3,307,347 0.67 0.27

Long Island 16,214,467 4.58 11,350,127 2.29 0.92

Mayaguana 1,068,215 0.30 747,750 0.15 0.06

New Providence 1,601,952,929 309.35 1,121,367,051 154.67 61.87

North Andros 9,609,187 2.71 6,726,431 1.36 0.54

Ragged Island 1,211,686 0.34 848,180 0.17 0.07

Rum Cay 847,993 0.24 593,595 0.12 0.05

San Salvador 10,824,867 3.06 7,577,407 1.53 0.61

South Andros 7,840,706 2.21 5,488,495 1.11 0.44

Total / Average 2,562,794,262 531 1,793,955,983 265.63 106.25

Table 9-6: Maximum renewable energy capacity and generation by 2030 which could 
be absorbed with power demand according to the EFFICIENCY scenario. 

 

9.3 Deployment scenarios for RE 

For the choice between different renewable energy technologies for the use 
on individual islands by 2030 we have applied the following approach: 
 
• RE technologies are deployed when they are currently cost competitive 

against power generated with fossil fuels. Two prices for oil are 
considered: 70 BSD/bbl, 100 BSD/bbl respectively (Figure 9-1). 

• However, we have not applied the above criterion in a strict for those RE 
technologies which still feature a high future cost reduction potential. 
This applies particular to PV for which further substantial cost reductions 
might be expected. For instance the International Energy Agency expects 
investment cost reductions for PV of 70% from the current BSD 4000-
6000/kW down to BSD 1200-1800/kW by 2030, with an important cost 
reduction of at least 40% already being achievable by 2015 (and -50% by 
2020)53. So the deployment of PV in the presented scenarios reflects the 

                                                 
53 International Energy Agency: Projected costs of generating electricity.2010 Edition. 
Paris. 2010 
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bright prospects this technology has under the particular conditions of 
The Bahamas. 

• Preferable mature technologies are applied so that fossil fuel savings will 
be achieved with a high certainty. For this reason we have not considered 
any ocean energy technology to be applied by 2020. However, with 
increasing maturity of this technologies wave power and in particular 
Ocean Thermal Energy Conversion have good prospects to supply 
substantial shares of The Bahamas power demand after 2020.  

• We consider interconnectors between Abaco and Grand Bahama and 
Eleuthera and New Providence for tapping RE potential on the Abaco, 
Eleuthera respectively to be consumed on Grand Bahama, New 
Providence respectively. When the costs of an interconnector are entirely 
allocated to renewable energy generation (disregarding the additional 
benefits of enhanced reliability, decreasing need for reserve capacity, 
optimized operation of fossil fuelled plants) than only biomass is 
economic viable for importing power from one island to another. Against 
that wind power with interconnection is not economic viable because 
wind power itself is less competitive and the cable is less used due to a 
lower capacity factor of wind power plants compared to a biomass plant. 

• We do not consider the potential of transporting biomass from one island 
to another. Transport would cause additional costs. So we consider only 
the natural resources available on each individual island for the energy 
supply of this respective island. 

• Biomass is preferred applied wherever feasible due to its low costs and 
generation characteristics similar to fossil power plants. We have 
considered biomass fired power plants on Abaco, Eleuthera, and Grand 
Bahama. The biomass plant on Abaco is sized in such a way that some of 
the generation is imported through an interconnector to Grand Bahama. 
On all other island either consumption is too low to accommodate 
generation in the scale needed for economic generation or the potential of 
biomass on the particular island is not sufficient to fuel a power plant as 
in the case of New Providence. 

• The entire potential of solar water heaters in the residential sector is 
exploited by 2030. Thereby we have not considered any growth of hot 
water demand until 2030 i.e. the present level of hot water demand will 
be entirely covered by solar water heaters. Albeit this technology does 
not generate power its heat generation is displacing power demand from 
electrical water heaters. 

• Wind power in wind farms is only feasible on Grand Bahama and - to a 
lesser extent - on New Providence. Albeit conditions on New Providence 
are worse compared to other islands we still choose some wind 
deployment there since wind power is the only RE source on New 
Providence which may supply bulk power. When costs for pv will drop 
further in the future then PV may get cost competitive to wind power. In 
this case, the decision for wind power on New Providence needs to be 
revisited. On the other islands the demand is too limited to accommodate 
power generation from wind farms. Yet, individual turbines and micro 
turbines might be still feasible also on the Family Islands however 
contribution to total power supply will be rather limited. 
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• The remaining potential for accommodating intermittent renewable 
power generation is absorbed with photovoltaics. This allows for a 
supply of renewable energy also on the Family Islands.  

• The total contribution of renewable energies to power supply should be 
as high as economical viable to fulfill the objectives of the 1st report of 
the National Energy Policy Committee.  
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Figure 9-1:  Range of generation costs of different RE technologies compared to 

different avaoided costs 
 
 
RE deployment without efficiency efforts (BAU scenario) 
In this scenario, 34% of the total power demand in the Business-as-usual 
case would be supplied by renewable energies (Table 9-7). Eleuthera and 
Abaco would have the largest share with 171%, 125% respectively. The 
excess power would be transferred via interconnectors to New Providence, 
Grand Bahama respectively. Only 7% of the power demand of Exuma 
would be supplied by renewable energies. Those Family Islands which only 
use PV for power generation could not go beyond 9% of total power 
generation due to the restriction of accommodating intermittent energy 
sources. Biomass would contribute more than half of total supply from 
renewable energies followed by Ocean Thermal generation.  
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  Biomass 
Solarthermal 
Water Heater Wind PV OTEC Total RE 

Island kWh MWp kWh MWp kWh MWp kWh MWp kWh MWp kWh %kWh
Abaco 187,500,000 25 1,649,932 1.94     12,632,683 7.43     201,782,614 125%
Acklins     23,591 0.03     192,358 0.11     215,948 9%
Bimini     328,993 0.39     2,682,592 1.58     3,011,585 9%
Cat Island     106,112 0.12     865,234 0.51     971,347 9%
Central 
Andros     117,095 0.14     954,782 0.56     1,071,877 9%
Crooked 
Island     29,558 0.03     241,010 0.14     270,568 9%
Eleuthera 150,000,000 20 933,940 1.10     5,785,835 3.40     156,719,775 171%
Exuma     790,335 0.93     4,422,268 2.60     5,212,603 7%
Grand 
Bahama 315,000,000 42 9,303,929 10.95 42,000,000 28 12,096,008 7.12     378,399,937 41%
Great 
Harbour 
Cay     69,083 0.08     563,296 0.33     632,379 9%
Long 
Island     237,077 0.28     1,933,114 1.14     2,170,191 9%
Mayaguana     15,619 0.02     127,354 0.07     142,973 9%
New 
Providence     23,422,707 27.56 30,000,000 20 96,637,194 56.85 350,000,000 50 500,059,901 22%
North 
Andros     140,499 0.17     1,145,622 0.67     1,286,122 9%
Ragged 
Island     17,716 0.02     144,459 0.08     162,176 9%
Rum Cay     12,399 0.01     101,099 0.06     113,498 9%
San 
Salvador     158,274 0.19     1,290,558 0.76     1,448,832 9%
South 
Andros     114,642 0.13     934,781 0.55     1,049,423 9%

Total 652,500,000 87 37,471,500 44 72,000,000 48 142,750,248 84 350,000,000 50 1,254,721,748 34%
 
Table 9-7 Power supply from renewable energies by 2030 with an power 

consumption according to the BAU scenario. 
 
Total required investment in renewable energy technologies for the period 
2010 to 2030 sums up to 1149 mln USD, or an average of 54.4 mln USD 
per year ( 
Figure 9-2. Investment in renewable energy technologies in million USD by 2030  
  under BAU scenario for power consumption 
 ). The major share is for OTEC even though biomass contributes most in 
terms of energy supply. We have used present specific investment cost 
figures. One may expect photovoltaic prices to drop further substantially in 
the future. In this respect one may regard this as a conservative cost 
estimate. 
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Figure 9-2. Investment in renewable energy technologies in million USD by 2030  
  under BAU scenario for power consumption 
  
 
RE deployment with efficiency efforts (EFFICIENCY scenario) 
Through restrictions of the ability of the grid to accommodate RE the total 
capacity of PV is reduced compared to the BAU scenario. However, with 
49% of the total power demand in the EFFICIENCY case the share of RE is 
increased compared to the BAU scenario (Table 9-8). Eleuthera and Abaco 
would have the largest share with 238%, 173% respectively. The excess 
power would be transferred via interconnectors to New Providence, Grand 
Bahama respectively. Biomass would contribute 52% of total supply from 
renewable energies followed by OTEC generation. 
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  Biomass 
Solarthermal Water 

Heater Wind PV OTEC Total RE 

Island kWh MWp kWh MWp kWh MWp kWh MWp kWh MWp kWh %kWh 

Abaco 187,500,000 25 3,299,863 3.88     10,170,841 5.98     200,970,704 173% 

Acklins     47,182 0.06     154,871 0.09     202,053 12% 

Bimini     657,987 0.77     2,159,811 1.27     2,817,798 12% 

Cat Island     212,225 0.25     696,618 0.41     908,843 12% 

Central Andros     234,189 0.28     768,715 0.45     1,002,905 12% 

Crooked Island     59,115 0.07     194,043 0.11     253,158 12% 

Eleuthera 150,000,000 20 1,867,879 2.20     4,658,299 2.74     156,526,178 238% 

Exuma     1,580,669 1.86     3,560,462 2.09     5,141,131 9% 

Grand Bahama 315,000,000 42 18,607,859 21.89 42,000,000 28 462,523 0.27     376,070,382 57% 

Great Harbour Cay     138,165 0.16     453,521 0.27     591,687 12% 

Long Island     474,155 0.56     1,556,391 0.92     2,030,546 12% 

Mayaguana     31,237 0.04     102,536 0.06     133,773 12% 

New Providence     46,845,414 55.11 30,000,000 20 71,178,778 41.87 350,000,000 50 498,024,192 30% 

North Andros     280,998 0.33     922,365 0.54     1,203,363 12% 

Ragged Island     35,433 0.04     116,307 0.07     151,740 12% 

Rum Cay     24,798 0.03     81,397 0.05     106,195 12% 

San Salvador     316,548 0.37     1,039,055 0.61     1,355,604 12% 

South Andros     229,283 0.27     752,612 0.44     981,896 12% 

Total 652,500,000 87 74,943,000 88 72,000,000 48 99,029,147 58 350,000,000 50
1,248,472,1

47 47% 
 

Table 9-8:   Power supply from renewable energies by 2030 with power consumption according to the EFFICIENCY scenario. 
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Total required investment in renewable energy technologies for the period 
2010 to 2030 sums up to 1113 mln USD, or an average of 56 mln BSD per 
year. Again, the major share is for OTEC even though biomass contributes 
most in terms of energy supply. We have used present specific investment cost 
figures. One may expect photovoltaic prices to drop further substantially in the 
future. In this respect one may regard the total investment as a conservative 
cost estimate.  
 
To depict the monetary benefits of this scenario we compare the generation 
costs of the individual RE technologies with the avoided generation costs at 
two different fossil fuel price levels (BSD 70/bbl, BSD 100/bbl). For 
intermittent RE technologies (wind, PV, solar thermal) only the variable costs 
are avoided, whereas the RE technologies also avoid fixed generation costs. 
For PV we have considered future generation costs of building integrated 
plants to reflect that the bulk of deployment will only occur after 2020. Under 
both oil price levels, the deployment of RE is beneficial (Figure 9-3). This is 
mainly due to the highly beneficial deployment of biomass. Solar thermal 
water heaters are besides biomass the only technology which is fully 
economical viable under both oil price levels. Against that wind power, PV and 
OTEC are only viable in the “BSD 100/bbl”-case. 
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Figure 9-3:  Annual benefits of  RE deployment in the EFFIENCY case @ BSD 70/bbl 

oil price (dark left bars)  and @ BSD 100/bbl oil price (right light bars) 
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9.4 Conclusions  

The scenario makes clear that 
 
• Renewable energies can cover substantial shares of power demand. 
• A share of almost 50% renewable energy on total power supply is 

achievable by 2030. 
• Low cost potential of renewable energy on New Providence is limited. 
• Going beyond a share of 20% renewable energies on power supply would 

require that renewable energies are to be transferred from one island to 
another through either interconnectors or as a fuel. 

• Interconnectors might be well advisable even before since they would allow 
tapping low cost potential of renewable energy to substitute in particular pv 
on New Providence 

• Promoting energy efficiency to limit the future demand growth would allow 
for reaching higher shares of renewable energies at lower costs. 
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10. Policies and Legislation  

This chapter reflexes the policies and legislation necessary for the 
promotion of Energy Efficiency (EE) and Renewable Energies (RE) in The 
Bahamas as outlined in Preliminary Report III. 

10.1 Policies for energy efficiency 

This Chapter describes policy options for deploying energy efficiency on 
The Bahamas. The five energy efficiency policy types most frequently 
employed internationally are (Doris et al. 2009): 
 
• Building codes, which, by addressing design, affect long-term energy 

demands  
• Appliance standards, which mandate minimum levels of efficiency of 

appliances  
• Labels and consumer information, which provide consumers information 

on long-term energy consumption of appliances and buildings  
• Incentives, both financial and non-financial, which include programs 

such as tax credits and expedited permitting for efficient buildings 
• Research and development, e.g., on technologies needed to achieve cost-

competitive zero-energy buildings. 
 
These policies fall usually in one of the two following categories: 
 
• Barrier Reduction (also called standard setting and mandates, or “push”). 

Policies that remove barriers to energy efficiency include those that raise 
performance standards and create uniform criteria for adopting new 
technologies. Uniform criteria help streamline regulatory approval. 
Energy efficiency policies included in this category are building codes 
and equipment standards.  

• Technology Accessibility (also called financial and non-financial 
incentives or “pull”). This policy type aims to reduce initial procurement 
and installation costs, thereby making energy-efficient products, which 
already have lower lifetime energy costs, the cost-effective choice. 
Policies of this type include rebates, subsidies, tax incentives, and grants. 

 
In the following we give a brief overview on obstacles hindering the 
deployment of energy efficiency measures. We then describe in more detail 
the policy mix we deem to be most appropriate for The Bahamas 
incorporating all of the above elements with the exception of research and 
development: 
 
• Adaptation of building codes 
• Setting standards 
• Energy efficiency promotion programs 
• Duty exemptions 
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10.1.1 Obstacles for Deployment of Energy Efficiency 

Deployment of energy efficiency encounters a number of challenges.  
 
• Lack of awareness among potential applicators 
• Lack of knowledge and skills among architects, energy planers and 

plumbers 
• Higher up-front investments 
• Split incentives. 
 
These are all non-economic barriers which hinders deployment of economic 
saving potentials. The obstacles are described in more detail in the 
following. 
 

Lack of awareness 

Even though the increasing energy costs have gained much general public 
awareness there is still little awareness about individual opportunities for 
saving energy. For example, house owners are not aware of the potential of 
solar water heaters to substitute electrical water boilers albeit our 
investigations show that solar water heaters are economical feasible. As 
another example, private customers are not aware on the total life-cycle cost 
of an electrical appliance like a washing machine when buying a new 
appliance. Thus they tend to buy the inexpensive one in terms of initial 
investment albeit other machines would be preferable when total life cycle 
costs taken into account also the power costs are assessed. Or behavioral 
changes like switching off TV sets when nobody is watching could for 
instance save 230 BSD/year. Architects and planers are not aware that the 
way the design houses heavily influences the energy consumption for 
cooling and lighting.  
 
Awareness campaigns which also show ways how to save energy can help 
to overcome this hurdle. Most convincing are in this regard demonstration 
projects like energy efficient buildings. Further, energy audits by 
professional auditors are helpful to point out individual efficiency 
opportunities. Suppliers of appliances can be obliged to disclose energy 
consumption of appliances to the customers so that the customer can assess 
more easily the economics of different alternatives on a life-cycle basis. 
Finally, appliances not fulfilling certain minimum efficiency standards can 
be excluded form the national market. 
 

Lack of knowledge and skills 

Architects, planers and craftsmen are not sufficiently skilled to identify 
efficiency opportunities and how to activate them. For example shading of 
windows can reduce heat influx by 50%. Passive ventilation of the attic 
reduces heat accumulation under the roof. A simple insulation of the upper 
ceiling has a similar effect. Thus through an alternative design of some 
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building elements cooling demand can be reduced substantially with little or 
at even no costs. 
 
Training courses for architects, planers and craftsmen can help to overcome 
this barrier. 
 

High up-front investments 

Higher initial investment costs for efficiency measures and efficient means 
compared to less efficient solutions hinders application. However, many of 
the measures proposed are quite inexpensive, particularly when compared to 
the application of renewable energy. 
Suppliers of efficient equipment may offer deferred payments to mimic the 
cost structure of conventional fuels. Public banks may provide preferential 
credits for efficiency measures. 
 

Split incentives 

The investor for an efficiency measure is not necessarily also the party 
benefiting from lower energy bills due to saved fossil fuels or electricity 
purchase. This applies particular to tenements where the landlord may invest 
e.g. a better insulation of the upper ceiling. However, only the tenant will 
benefit from a reduced power bill. So the landlord has no incentive to invest. 
 
To overcome this barrier, regulations can be introduced allowing the 
landlord to add the extra costs of the efficiency investments to the rent.  

10.1.2 Building Codes 

The Bahamas Building Code comprises certain minimum standards, 
provisions and requirements for safe and stable building design. It  
serves as a reference guide for the building industry by providing 
information on methods of construction and use of materials for new erected 
buildings as well as for alterations at existing buildings. In conjunction with 
the provisions of The Buildings Regulations Act 1971 and the Subsidiary 
Legislation, The Bahamas Building Code forms the conditions of approval 
of each building permit. 
 
Measures to improve energy efficiency suggested by Fichtner will effect as 
well areas that are regulated by The Bahamas Building Code. Therefore The 
Building Code (Third Edition 2003) has been investigated with regards to 
possible restrictions and exclusions of planned measures for improvement of 
energy efficiency. 
 
The result of this investigation is, that it can be assumed that planned 
measures are not hindered or conflicted by the requirements of the existing 
regulation. In general it should be possible to implement foreseen measures 
in accordance with The Bahamas Building Code. For realization of 
measures special emphasis shall be given to the concerning sections and 
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their requirements of The Building Code. However, as The Bahamas 
Building Code does not describe particular energy efficiency measures in 
detail, The Code will rather serve as a basis for minimum standards and 
requirements, than limit measures in a certain way. 
 
As exceptions thereof are specific requirements of The Bahamas Building 
Code, that may have an impact on particular design of suggested energy 
efficiency measures, stated in the following sections: 
 
• For measures where the installation of insulation is foreseen, the chosen 

material has to meet the requirements stated in section 3209 of The 
Bahamas Building Code. 

• For measures where the installation of a solar heater is foreseen, the 
requirements of section 3810 and chapter 36 of the Bahamas Building 
Code shall be considered. 

10.1.3 Solar Ordinance 

The analysis of the application of solar water heaters (SWH) on The 
Bahamas clearly shows that these systems are technical feasible and cost 
efficient. However, the lack of knowledge about the opportunities of SWH, 
high initial investment costs of SWH and the split incentives in regard to 
landlords and tenants have hindered the deployment of SWH so far. 
Information campaigns, soft loans, and leasing programs can help to 
overcome these hurdles. Yet, solar ordinance requiring house owners to 
apply SWH is seen as a most effective means for a fast deployment of 
SWH. This concept has got popular in many European countries and 
legislations recently among them Spain and Germany. More than 150 
million people live in regions covered by a Solar Ordinance. In the 
following we describe constituting elements of a solar ordinance. 
 
A Solar Ordinance is a legal provision making mandatory the installation of 
solar thermal systems in buildings. The obligation applies to newly built 
buildings. No building permission will be issued if no SWH is foreseen. 
Further, also owners of existing buildings shall be obliged. This is because 
energy demand in the building stock will be dominant to energy demand in 
newly built houses. In existing building the obligation for installing a SWH 
will apply when the existing water heater is replaced. This means that 
conventional water heaters i.e. electrical and oil fired water heaters are only 
allowed as a back-up for SWH in the future.  
 
The Solar Ordinance is exclusively targeted on residential buildings. We do 
not recommend including hotels and other commercial buildings into the 
Solar Ordinance. Albeit there exists also potential for SWH in these 
buildings, the demand for hot water and the available roof area for installing 
the SWH differ widely among these buildings. Public buildings have a 
largely varying hot water demand so generic minimum requirement for solar 
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water heaters cannot be set. We recommend providing grants and technical 
assistance for tapping potential of SWH in these buildings. 
 
Certain exemptions from the obligation should apply. This includes 
 
• Shading. In case the house owner can demonstrate, with help of 

publically available computer programs, that only roof area is available, 
that is shaded for more than four hours on December 21. Considering the 
low latitude of The Bahamas and the usually building height it is highly 
unlikely that one will encounter a lot of these cases in practice. 

• Monument protected buildings. 
• Buildings to be decommissioned within the next five years. 
• Buildings only temporarily occupied. This includes in particular vacation 

homes. It is recommended that buildings which are occupied less than 
two months a year are exempted. 

 
The Solar Ordinance shall require a certain minimum size of the SWH. This 
should be expressed in square feet of collector area per house occupant. The 
previous analysis discloses that nine square feet of collector area will be 
usually sufficient to cover the hot water demand of a usual Bahamian 
person. With collector area the actual aperture area is meant. So the Solar 
Ordinance requires owners of residential buildings to install nine square feet 
of solar collectors per occupant. 
 
To ensure high solar gains and maintain high acceptance of SWH we 
recommend to introduce quality requirements. Only SWH fulfilling these 
quality requirements are accepted for satisfying the Solar Obligation. We 
recommend to require the internationally accepted Solar Keymark standard 
which is used widespread in Europe. 
The Solar Ordinance should be part of the Renewable Energy Act. One may 
consider a reference in the national Building Codes to this stipulation. 

10.1.4 Efficiency Standards for Devices 

The EU Energy Label 

The EU Energy label is a legally obligated label for household appliances 
which evaluates their energy efficiency. 
The aim is to create a comparable standard for purchaser-information which 
may influence the public's choice in favor of energy efficient appliances 
prompting manufacturers to take steps to reduce the energy consumption of 
the appliances which they manufacture. This should add to a rational use of 
energy. 
 
The obligation of labeling [EU 1992] contains the following product 
classes: 
• refrigerators, freezers and their combinations 
• washing machines, driers and their combinations 
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• dishwashers 
• ovens 
• lighting sources 
• air-conditioning appliances 
 
Figure 10-1 shows an example of the EU label for refrigerators and freezers. 
It consists of the color code classification in the head of the label which is 
uniform for all groups of appliances and additional product information at 
the bottom which varies for the different groups of appliances.  
 

 
Figure 10-1: Example of the EU label for refrigerators 
 
The energy efficiency of the product is rated in energy levels ranging from 
A to G. 'A' stands for the most energy efficient and 'G' for the least energy 
efficient. Meanwhile also the qualification A+ and A++ were introduced for 
refrigerators and freezers. The bottom part of the label contains information 
about the yearly energy consumption, volume of the refrigerator and freezer 
compartment and noise in this case. [EU 2003] 
 
The criteria the classification is based on depend on type of the appliance. 
With refrigerators i.e. an index (Table 10-1) is calculated according to the 
consumption and the compartments' volume of the appliance. The energy 
consumption is measured under standardized test conditions. [EU 2003] 
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A++ A+ A B C D E F G 

<30 <42 <55 <75 <90 <100 <110 <125 >125
Table 10-1: Classification of refrigerators and freezers 
 
Information about the classification of the other types of products is written 
in Annex F. 
Since 1994 when the first products carried the EU label there was a great 
progress in reducing the energy consumption of household appliances. 
Today the most products are arranged in class B upwards. This is a great 
success for the label, but the classification has to be reconditioned or new 
classes have to be added to differentiate between the highly efficient 
products. 
The classification will be enlarged by three new classes A+, A++ and A+++ 
for all appliances. Additionally the obligation of labeling will be extended to 
energy-related products of other categories which have a significant direct 
or indirect impact on energy consumption [2010/30/EU]. The disadvantage 
is that classes like A++ and A+++ are very confusing for the purchasers. 
 

Energy star 

Energy star is a trusted, government-backed symbol for energy efficiency 
introduced by the US Environmental Protection Agency (EPA). It was 
firstly introduced as a label for energy-efficient computers in 1992, 
meanwhile it covers more than 35 product categories in addition to new 
homes and commercial buildings. 
Aims of the Energy star program are to prevent air pollution, including 
emissions of greenhouse gases, caused by inefficient use of energy and to 
make it easy for businesses and consumers to identify and purchase energy-
efficient products, homes, and buildings.  
 
For each product category, a unique specification describes the energy 
performance requirements that a product must meet to qualify for the label. 
These requirements are published on the energy star website [EPA 
2010a].For example, a compact refrigerator without a freezer compartment 
and a net volume of 1 cubic feet get the energy star label, if its yearly energy 
consumption is below 247,76 kWh [EPA 2010b]. 
There are six key principles that guide the EPA and the US Department of 
Energy (DOE) when first determining which product categories will be 
covered by the Energy star label and then developing and revising the 
corresponding performance specifications [EPA 2010a]: 
 
• Significant energy savings can be realized on a national basis. 
• Product performance can be maintained or enhanced with increased 

energy efficiency 
• Purchasers will recover their investment in increased energy efficiency 

within a reasonable period of time  
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• Energy-efficiency can be achieved with several technology options, at 
least one of which is non-proprietary  

• Product energy consumption and performance can be measured and 
verified with testing  

• Labeling would effectively differentiate products and be visible for 
purchasers  

 
The energy star program is very popular and covers a wide range of 
products. There are also international partners who adopt the label. Statistics 
of EPA show that the yearly amount of saved energy rose about 320% from 
2000 to 2009 [EPA 2010c]. But there are also some critics who argue that it 
is too easy for companies to qualify for the energy star label [Pouchet 2008]. 

Comparison 

 EU Label Energy Star 
Legal obligation Yes No 
Range of products Household appliances More than 35 product 

categories, new homes, 
commercial buildings 

Adjustment 
classification / 
specification 

The standards are not 
adjusted continuously 

Continuously 

Labeling Efficient products and 
inefficient products 
carry the label 

Only efficient products 
carry the label 

Standardization 
i.e. for measurement 
methods etc. 

Precise standards Partially vague 
definition 
 

 
The advantage of a legal obligation of labelling is that the pressure on 
producers is bigger than without the obligation to label inefficient products. 
Standards are precisely defined but it is inflexible for fast changes.  

10.1.5 Energy Efficiency Promotion Program 

Information campaigns, obligations for energy audits, lending of metering 
devices and many other issues could be part of an energy efficiency 
promotion program which is described in the following for the sectors 
households, public buildings and hotels. 
 
The following description of the potential energy efficiency programs are 
based the findings during the energy audits, talks with many local people 
and the experience of the consultant. The following listing of potential 
measures under the specific energy efficiency programs is not necessarily 
complete. There could also be additional ideas which have not been taken 
into consideration right now, but which could be well added to the listings. 
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The first section is dedicated to general measures which can not be assigned 
to a specific section of the Bahamian energy sector. 

10.1.5.1 General energy efficiency program 

On the basis of the information which have been gained during the course of 
the project as part of the general energy efficiency program the consultant 
suggests to cover the following aspects: 
• Introduction of minimum energy standards for all new buildings. 

These standards should limit the primary energy demand in kilowatt 
hours per square feet and year. An analysis of the primary energy 
demand of new buildings should be obligatory and it should be requested 
during the permission phase.  
Under the new energy efficiency standards all new houses should have 
the obligation to provide their hot water with solar energy. The usage 
of renewable energy should be counted with a primary energy factor of 
zero. 
Specific limits should be defined depending on the building type 
(residential, public building, hotel). 

• All energy efficient appliances should have tax/customs exemptions or 
reduced tax rates. This should comprise electrical appliances, renewable 
energy installations, but also insulation material, energy measurement 
equipment and energy management and control equipment (see Annex 
F). Also water saving and rainwater usage appliances should have a tax 
exemption or at least reduced taxes, as almost all potable water on the 
Bahamas is produced by reverse osmosis plants. A reduction of water 
usage is therefore also a reduction of energy usage. 

• A Sustainable Energy Unit (SEU) shall be established. This SEU shall 
be responsible for all energy (efficiency) related aspects to the public. 
The SEU would employ and train energy auditors. As a basic staff at 
least one or two experienced trainers and some other people with 
technical background (about 10 to 20) plus secretarial support would be 
required. 

 
Overview – general energy efficiency program 
 

• Minimum energy standards for new buildings 
• Tax exemptions and reduced tax rates 
• Establishment of Sustainable Energy Unit 

 

10.1.5.2 Efficiency Program for Households 

The energy efficiency program for households should reach a large number 
of electricity customers. Therefore an information campaign to raise the 
public awareness for energy efficiency should be started. The point in time 
to start such a campaign is now. People still remember the high electricity 
prices from August 2008 as a consequence of the oil price peak. They are 
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still sensitive towards fluctuation of energy prices. A Solar Water Heater 
Promotion Program should be an integral part of the energy efficiency 
program. A marketing expert could design the campaign, which could use 
the following market instruments: 
• TV spots 
• Radio spots 
• Article series in newspapers 
• Handouts 
• Information folders 
• Internet 
 
Information folders and handouts could be submitted together with the 
energy bill. Some basic information which can be used for this information 
campaign –especially for households – can be found in Annex F of this 
report. Best practice examples should be included in the information 
material. 
 
Tools to assess the own energy consumption, as e.g. the questionnaire in 
Annex 6 or an electronic tool in the internet to calculate the energy demand 
of a building could be provided to the public. 
 
For publicly owned residential houses a special information campaign 
could be started, which focuses only on energy efficient appliances and the 
user behavior, but which have nothing to do with the building itself. The 
families living in the houses could be informed together with their monthly 
rent. 
 
It should be distinguished between passive and active measures. In any case 
passive measures should have a higher priority, because they don’t require 
any additional energy (see Annex F).  
 
For a limited period of about 2 years the SEU could offer free energy 
audits for smaller households and solar water heater training (see Annex 
F) for all residential house owners. The SEU could also offer to lend power 
meters (investment costs of 15 to 25 $ each) to households which are 
interested in their consumption pattern. 
 
Overview - energy efficiency program households 
 

• Information campaign to raise awareness 
• Publication of best practice 
• Tools to asses energy demand (questionnaire, internet) 
• Solar water heater promotion program 
• Solar water heater training 
• Free energy audits 
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10.1.5.3 Efficiency program for hotels 

The energy efficiency program for hotels should be set up by the SEU in 
close cooperation with the Bahamian Hotel Association. 
 
To reduce the energy consumption in the hotel sector and to tear the 
attention of the hotel managers to energy, an obligation for energy audits 
every three years for hotels with more than 20 rooms should be introduced. 
These hotel energy audits should be performed by a certified energy auditor. 
The certified energy auditor could be employed by the Bahamian Hotel 
Association and paid by the audited hotels. The hotel energy audits should 
start at the latest by mid 2011. The certified energy auditor should perform 
about 40 energy audits per year. In an anonymous form the audits should be 
used as energy efficiency benchmarks for hotels (electricity demand per 
over night stay, total energy demand per over night stay and other 
indicators). Once each year, the Bahamian Hotel Association together with 
the SEU should publish the results of the benchmarking. If the owner of a 
hotel agrees best practice examples could also be published. 
 
For new hotels there should be an obligation to use only energy efficient 
equipment, e.g. high efficient central cooling systems with single room 
control and motion detectors. 
 
If the public budget allows solar cooling systems for hotels could be 
supported by providing technical assistance or subsidizes (e.g. up to 10% of 
the investment; capped at a certain amount) for the introduction of solar 
cooling systems. In addition the equipment required for a solar cooling 
system should be exempted from taxes. 
 
The Bahamian Hotel Association should support the design of material 
which could be used for an awareness campaign in house and for the 
guests. The certified energy auditor could also help the hotels to regularly 
train the hotel staff (A/C set point, switching of appliances in non 
occupied rooms, etc.). 
 
Most of the water used in the hotels in produced in reverse osmosis plants, 
which consume electricity. Therefore any water saving measures should be 
supported in the energy efficiency program for hotels by reduced tax rates. 
This could be the usage of special fittings, e.g. mixing in air at the faucet or 
in the shower and grey water reuse for the garden and parks. 
 
Overview - energy efficiency program hotels 
 

• Obligation for energy audits (every three years) 
• Certified energy editor to be employed by the Bahamian Hotel 

Association 
• Benchmarking of hotel energy consumption 
• Publication of best practice 
• Obligation to use only energy efficient equipment 
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• Subsidies for solar cooling systems 
• Awareness campaign in house and for guests 
• Regularly training of hotel staff 
• Reduced tax rates for water saving devices 

 

10.1.5.4 Efficiency program for public buildings 

The responsible body for the energy efficiency program in public buildings 
could be the SEU. 
 
As for hotels also for public buildings with a floor area of more than 
5,000 sq ft, energy audits every two years should be obligatory. A 
certified energy auditor should do the audits and the results should be to 
submitted to the SEU for benchmarking. Once a year the results should be 
published to the people of the Bahamas and a more detailed benchmark 
should be distributed amongst the managers of the public buildings. Every 
public building with the obligation for an energy audit should also be 
obliged to post the certificate of the energy audit to the public at the main 
entrance to the building. The energy audits should start at the latest by mid 
2011. 
 
In addition each responsible person for a public building should be obliged 
to monitor the monthly energy bills. This requires making the monthly 
energy bills available to those persons. Only on the basis of this information 
an efficient energy monitoring can be set up. 
 
An information campaign – comparable to those of the households could 
be set up to raise the awareness of the employees of public buildings. The 
benchmarking could be used as a feedback to the employees and as a 
contest between the several public buildings, where the most energy 
efficient buildings are ranked and where best practice is published. 
 
If the government of the Bahamas seriously supports the energy efficiency 
program, they have to be aware that the public buildings should be 
archetypes. Therefore if appliances are to be replaced in public buildings 
there should be an obligation to purchase only energy efficient 
equipment, with at least Energy Star or EU energy labels. If a new public 
building will be erected special attention should be given to energy 
efficiency measures. The standards for new buildings should even be 
exceeded, to demonstrate what could be done with costs of about 10 to 15% 
more. This should be accompanied by marketing and publication in all 
media. Possible measures for such a demonstration building could be: 
• Use of passive measures (see Annex F) 
• Implementation of advanced technologies (e.g. solar cooling) 
 
Within the next two years in most of the schools 50:50 projects” should be 
introduced. The objective of a so called “50:50 project” is to sensitize the 
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students for the energy topic. E.g. they should lean to close the window if 
the AC is in operation, they should switch off lights during times when they 
are not in the class room to save energy. As an incentive 50% of the 
achieved annual energy savings (measured against the baseline) should be 
given to school for its disposal. The remaining 50% are for the board of 
education which is paying the energy bills.  
 
For a 50:50 project in a school a responsible teacher is required – the so 
called energy mentor. He will be trained by a certified energy auditor. The 
energy mentor will be the contact person for all energy related questions in 
the school. In addition in each class an energy detective has to be named. 
Those will be the responsible persons in the classes.  
 
To start the project the energy mentor with the help of a certified energy 
auditor will train the students. The duration a 50:50 project should be about 
3 years. 
 
Overview - energy efficiency program public buildings 
 

• SEU responsible for energy efficiency in public buildings 
• Energy monitoring for each building 
• Obligation for energy audits (> 5,000 sq ft) every two years 
• Posting of the energy audit certificate at the main entrance 
• Benchmarking 
• Publication of best practice 
• Obligation to purchase only energy efficient appliances 
• Demonstration building 
• Awareness campaign in house 
• 50:50 project for schools 

 
 

10.2 Policies for renewable energy 

Renewable energy can be used to generate power or to generate heat. In the 
following only policies for promoting power generation with renewable 
energy is described. Promotion measures for solar water heaters are 
discussed in Chapter 10.1.3 since solar water heaters are mainly regarded as 
a means to save fossil fuels or power owner respectively. 
 
Another important distinction is this between small customer based 
generation and utility scale generation. Both are covered in the following 
however certain arguments and instruments have different importance for 
these two different types of application. 
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10.2.1 Obstacles for deployment of renewable energy 

Deployment of renewable energy encounters a number of challenges:  
 
• Lack of awareness of potential applicators of renewable energies 
• Lack of knowledge and skills 
• Lack of access to capital to cover the high up-front investments 
• Split incentives. 
 
Power-generating renewable energy technologies encounter in addition 
issues related to access to the grid and access to markets: 
 
• Lack of incentives to BEC 
• Lack of clear grid connection rules 
• Lack of access to power markets 
 
Last, but not least some renewable energy technologies are still not 
competitive to fossil fuels at present prices making them less attractive to 
BEC and other potential applicators. The reasons for this are manifold; the 
main two are the following: 
 
• Present fossil fuel prices may not reflect the total social costs of fuel 

supply i.e. external costs arising from harmful emissions or pollution of 
the environment are not considered. 

• Many of the renewable energy technologies are rather juvenile compared 
to fossil fuel technologies. Albeit mature in the technical sense renewable 
energy technologies still allow for substantial costs reduction due to 
innovation and economies of scale. The substantial price decrease of 
photovoltaic plants and wind power plants over the past two decades 
depicts the progress in the past and gives an impression of what could be 
still achieved in the future. 

 
Governments may level the playing field for renewable energy (and energy 
efficiency) by introducing environmental taxes on energy supply thereby 
incorporating environmental costs into the energy bill. However, 
international experiences show that implementing such taxes are usually 
quite demanding and results in terms of deployment of renewable energies 
and efficiency measures are rather limited. Further cost reductions of 
renewable energy technologies can be expedited through support of research 
and development and through deployment. However, the possibilities of a 
small country like The Bahamas are rather limited to have an impact on 
global developments. We thus concentrate on the non-economical obstacles 
as listed above in more detail in the following: 
 

Lack of awareness 

Even though renewable energies have gained much general public 
awareness in the discussions about the future energy supply for the Bahamas 
and as an alternative to fossil fuels in general there is still little awareness 
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about individual opportunities to apply renewable energies. For example, 
BEC has established a Renewable Energy Committee which has published a 
generic call for tender for renewable energy and waste-to- energy projects in 
2009. However, BEC has not developed an expansion plan for renewable 
energies so far. When new power plant capacities are planned there is no 
standard procedure which allows for assessing renewable energy technology 
alternatives to the prevailing fossil fuel power plants. Findings of this 
project may provide valuable input for guiding the expansion of renewable 
power plants on New Providence and the Family Islands. 
 
Awareness campaigns can contribute to overcome this barrier. 
 

Lack of knowledge and skills 

Since markets for renewable energy technologies are very limited if at all 
existing on The Bahamas, there is accordingly a lack of skills and 
knowledge for the application of renewable energy technologies. For 
example plumbers are not trained to plan and install appropriately a solar 
water heater. There is a lack of labor capable to operate and maintain wind 
power plants. Electricians are not prepared to connect photovoltaic systems 
to the grid. Albeit many skills and much knowledge is related to 
conventional skills and knowledge existing with craftsmen anyway some of 
the knowledge and skills are specific to renewable energies. This lack of 
skills and knowledge hinders deployment in two ways: Renewable energy 
technologies are not applied appropriately so that they are operated 
inefficiently. And craftsmen who are not knowledgeable about renewable 
energies will not recommend these technologies to potential applicators. 
 
Training courses can help to overcome this barrier. 
 

Lack of access to capital 

Renewable energy technologies feature in general a different cost structure 
than fossil fuels. Fossil fueled technologies have generally low up-front 
investment costs whereas running costs from fuel purchase, operation and 
maintenance may add up to 90% of total lifecycle costs. Against that, up-
front investment of renewable energy technologies may sum up to 90% of 
the entire life cycle costs with only minor running costs. This might be 
regarded as advantageous because future energy supply costs from 
renewable energies can be determined with a higher certainty than from 
fossil fuels. However, potential investors in renewable energy technologies 
also face high up-front investments putting stress on their available budgets. 
Investors may thus prefer a low investment alternative to a high investment 
alternative even though the latter might be more economical on life-cycle 
cost basis. 
 
Suppliers of renewable energy equipment may offer deferred payments to 
mimic the cost structure of conventional fuels. Public banks may offer 
preferential credits for renewable energy plants. 
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Split incentives 

The investor into a renewable energy facility is not necessarily also the 
party benefiting from lower energy bills due to saved fossil fuels or 
electricity purchase. This applies particular to tenements where the landlord 
may invest e.g. in a solar water heater with higher investment costs than 
with an electrical water heater. However, only the tenant will benefit from a 
reduced power bill. So the landlord has no incentive to invest into solar 
water heaters. 
 
To overcome this barrier, regulations can be introduced allowing the 
landlord to add the extra costs of the solar water heaters to the rent. Or a 
regulation is introduced obliging installation of solar water heaters to all 
house owners. Alternatively, solar water heater suppliers (or the BEC as 
service supplier) may contract directly with the tenant on hot water supply 
charging them a fixed amount for the hot water supply from solar collectors.  
 

Lack of incentives to BEC 

According to the Electricity Act, charges for electricity sold in bulk or 
directly to customers shall be fixed at such rates that the revenues will be 
sufficient to pay all costs of BEC’s operation. In particular, BEC is able to 
pass on the bulk of cost increases from imported oils to the customers via 
the fuel surcharge. There is thus no incentive to BEC to introduce renewable 
energy in their power plant portfolio to dampen the effect of fluctuating oil 
prices and decreasing the costs of power supply. On the other hand, this 
circumstance allows for BEC also to pass on higher costs of renewable 
energy technologies yet not fully economically viable to their customers if 
the supervising ministry agrees. 
 
Regulations like the requirement to have a certain share of renewable power 
plants in the portfolio may overcome this hurdle. Presently economical 
viable renewable energy technologies will also benefit from any regulations 
which provide incentives for a more efficient operation to BEC. 
 

Lack of clear grid connection rules 

The Bahamian Electricity Act does not provide for any third party access to 
the transmission and/or distribution network and hence lacks the basic 
instrument that would allow for any third party power generation e.g. 
through independent power producers or through self-generation facilities. 
No technical regulations exist stipulating the technical requirements for 
connecting power plants to the grid. Further, the Electricity Act grants BEC 
the exclusive right to purchase, generate, transmit, transform, distribute and 
sell energy in bulk or to individual consumers and hence creates a quasi 
monopoly by restricting the right of any other person to install power 
generation capacity exceeding 250 kW without prior approval by the 
Minister. Exempted from this prohibition are only generation facilities 
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which are only used for the purpose of supply of back-up electricity, 
emergency supply or in cases where BEC cannot be supply electricity to the 
consumer. Although the Out Island Electricity Act provides for the 
opportunity of supplying electricity in the Out Islands by the private sector, 
implementation has proven to be difficult and therefore BEC is supplying 
electricity to all the Family Islands with the exception of Grand Bahama and 
some small franchise holders. This obstacle hinders in particular the 
application of distributed power generation typical for building integrated 
photovoltaic plants. Distributed generation might be also in particular 
favorable for the Family Islands. 
 
The redesign of the regulations and laws governing the power supply on 
The Bahamas may help to overcome this barrier. It needs to be clearly 
stipulated who will pay for grid connection and – if needed –grid 
enforcement. Further, grid connection standards have to be established 
stipulating the technical requirements for grid connection. 
 

Lack of access to power markets 

The quasi monopoly of BEC does not only block physical access to the 
electricity grid but do not allow for commercial relations between 
independent power producers with BEC or third parties. Article 15 of the 
Bahamian Electricity Act establishes the BEC monopoly with respect to 
power generation insofar as it states that: 

 
"…no person other than the Corporation shall install or operate in 
New Providence any generating station with a generating capacity 
exceeding two hundred and fifty kilowatts."54 

 
Exemptions from this prohibition are only given in respect to any standby 
generator which is used only for the supply of energy in case of the failure 
of the energy supply by the Corporation or other emergency. The Minister 
may (subject to conditions) approve the installation and operation of a 
generation plant. In the event that BEC is not in the position to supply 
electricity to a person, the Minister shall not refuse his approval for the 
installation or operation of any generating station by such person. Although 
theoretically possible, this Article as a matter of fact has prevented the 
installation of third party generation plants within the BEC supply area and 
on the other hand has as well been used to justify the construction of 
generation plant by BEC despite the fact that they have in some cases not 
been economically justified given the existing BEC tariff system. 
Independent power producers have been crucial for the deployment of 
renewable energy technologies in many other countries where incumbent 
(monopolistic) power suppliers tended to stick to fossil (and nuclear) fuels 
thereby protecting their sunken investments against competitors. 
Consequently, Article 15 of the Electricity Act can be regarded as major 
                                                 
54 For service areas other than New Providence, the limit for the installation and operation 
of a third party generator is 50 kW. 
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hindrance for the application of renewable energy generation on The 
Bahamas and in fact it establishes BEC as a monopoly generator. To 
summarize: to keep the changes of the Electricity Act to a minimum it is 
suggested to abolish the prohibition of the implementation of third party 
generators and 
 
• to allow for the implementation and operation of electricity generation 

capacity based on renewable energy sources; 
• to allow for the connection of such renewable energy generation capacity 

to the BEC network; and 
• to allocate the responsibility for the creation of an enabling framework 

for the use of renewable energy sources and the promotion of  the use of 
municipal waste for energy generation to the Minister of the 
Environment. 

 
In the current situation of the Bahamian power supply a Standard Power 
Purchase Agreement granted to independent power producers using 
renewable energies is an appropriate vehicle to allow market access of 
independent power producers. 

10.2.2 Overview policy options 

There exist a wide range of instruments to promote the deployment of 
renewable energy (Figure 10-2). Monetary instruments can help to bridge 
the present cost gap of renewable energy compared to fossil fuels. Legal 
instruments can help to level the playing field when e.g. granting access to 
power markets. Information, education and training can provide knowledge 
and skills needed for the deployment of renewable energy. Finally, research 
and development can contribute to further technology development and 
decreased generation costs. Even though the different types of instruments 
are interchangeable to some extent, successful programs need to address the 
most difficult barriers which means that it is generally advantageous to 
design separate policy instruments for the different barriers. 
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Figure 10-2: Overview policy instruments for promoting renewable energy 
 
To raise the awareness on renewable energy and their opportunities an 
information campaign can be conducted. We propose to have a focus on 
households and hotels. They should be addressed separately since their 
motivations differ substantially. The ongoing demonstration program for 
solar water heaters and photovoltaic systems is a good start to create 
convincing examples of application in The Bahamas. In other countries so 
called “solar parties” have been a successful promotion means. On the 
occasion of putting a solar water heater into operation, the owner of the 
solar water heater together with the plumber invites friends and neighbors to 
his place. The plumber is able to inform about the merits of the technology 
with a real example. At the same time, the investors demonstrate their 
environmental consciousness.  
 
Renewable energy should be also incorporated into educational curricula. 
This applies both to senior high schools, colleges and universities. Senior 
high schools are important to reach potential future applicators where as 
colleges and universities allows for teaching planers and engineers. 
Plumbers and electricians should be trained in special courses. Sometimes 
equipment manufacturer are offering such courses for their particular 
equipment. Manufacturer-independent courses allow a more unbiased, 
broader training. A typical curriculum for a training course on solar thermal 
collectors is presented in Annex F. There is exist already a wealth of 
different curricula for designing individual lessons, entire courses or 
training (Refer e.g. to www.ises.org, http://www.renknow.net). 
 
Legal instruments can help to overcome the problem lacking access to 
power markets. It will therefore be required to change the Electricity Act to 
allow for third party generation to connect to the BEC transmission and 
distribution network and to feed electricity generated from such generators 
into the BEC networks. At the present stage this could be limited to 
electricity generated from renewable energy sources, however, in the long 
run it is recommended to allow as well for the implementation of power 

http://www.ises.org/�
http://www.renknow.net/�
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generation based on fossil fuel and conventional technologies (see also 
Section 10.2.3).  
 
The possibilities of a small country like The Bahamas to support Research 
& Development on renewable energy are naturally quite limited. 
Fortunately, The Bahamas can benefit from the efforts of other, larger 
countries in this regard, so that mature and inexpensive renewable energy 
technologies are available today. Yet, for three reasons The Bahamas may 
support also some own R&D on renewable energy to make best use of these 
technologies: 
 
• One may wish to adapt technologies to the specific requirements of The 

Bahamas. Specific natural conditions for potential consideration are 
hurricanes, ambient air and precipitation with high salt content. Some 
Family Islands are limited accessible for heavy duty equipment so that 
e.g. wind power plants and the necessary equipment to erect the wind 
power plants need to be adapted. The near shore shallow waters of The 
Bahamas have been identified as a favorable site for wind power plants. 
Here, different methods for foundation and erection are potential subject 
to investigation. Most prominently, the different candidates for energy 
crops needs to be investigated on a longer term regarding the yields one 
may expect under the specific Bahamian climate and soil conditions. 

• The Bahamas are in the unique position of offering advantageous sites 
for the application of ocean thermal energy conversion. It is well 
advisable to develop further this technology which has been not applied 
in industrial scale so far. For this purpose The Bahamas may consider to 
partner up with other countries like India and the USA who have been 
interested in this technology as well. 

• Finally, once the first renewable energy plants are in place, a systematic 
monitoring of the yield and the performance in general would allow for 
enhancing application of the technologies. At the same time students are 
able to learn about the merits and limits of the technologies at practical 
examples if the monitoring is conducted by educational entities. 

 
Monetary instruments are most crucial to foster renewable energy 
deployment on the short and medium term. To level the playing field with 
competing incumbent power generating technologies i.e. fossil driven power 
plants some public support is needed in the introduction phase of power 
generating renewable energies on The Bahamas. Again, there exist a wide 
range of different instruments (Figure 10-3). In the following some 
promising approaches are assessed on their suitability for promoting 
renewable power generation on The Bahamas. 
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Figure 10-3: Monetary instruments to promote renewable energy 
 
Direct subsidies rely on public budgets and their variable availability. Thus 
they are best suitable for kick-starting deployment but would be less 
favorable if a long-term support is required. For the case of The Bahamas 
investment grants in the form of duty exemptions for renewable energy 
equipment might be best feasible. Rather than taking funds out of the public 
budget, only public income streams are reduced if at all. They might be less 
subject to revisions than active expenditures in form of direct grants. Such 
duty exemptions do not mean that the Government of The Bahamas forego 
of duty income in absolute terms on the short run. This is because specific 
investments on a per kilowatt basis are higher for renewable energy 
technologies than for fossil fuelled plants so that reduced custom tariffs 
would still lead to the same absolute amount of customs. 
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Item category Sub-category Toll 

nomenclature 
Current rate 

of duty 
Proposed 

rate 
generator 8502.3100 45% Wind power plants 
wind engines 8412.8090 ( free 

0% 

Photovoltaic  8541.4000 10% 0% 
Solar thermal 
collectors 

 8419.xx00 n.a.  % 

< 1MW 8410.1100 
1 - 10MW 8410.1200 

Hydro power plants 

> 10MW 8410.1300 
45% 

0% 

< 75kVA 8502.1100 15%  
75 - 375kVA 8502.1200 15%  

Electric generating 
sets and rotary 
converters  > 375kVA  8502.1300 15%  

< 40MW 8406.8100 45%  Steam turbines  
>40MW 8406.8200 45%  
<5MW 8411.8190 45%  Gas turbines 
>5MW 8411.8290 45%  

Table 10-2: Current and proposed duty rates for renewable energy equipment 
 
For power generation operating grants are preferential to investment grants 
since they actually promote the generation of power and not only the 
erection of plants. This way the operator receives the full incentive to run 
the plant as much as possible in the most efficient manner. The generation 
of a power plant is easy to meter so that the amount of the grant can be 
easily settled. This is different to heat generating technologies like solar 
water heaters, were the heat generation is not metered. However, operational 
grants would rely on public funds with the specific issues discussed above. 
We thus do not recommend introducing operational grants as long as not 
sufficient public budgets for financing could be ensured over the life-time of 
the plant. 
 
Soft loans i.e. loans with lowered interest rates or preferential pay-back 
conditions have been a successful means to promote large scale renewable 
energy technologies particular since renewable energy technologies usually 
features high upfront investment costs which may create a hurdle in itself 
(refer Section 10.2.1). In contrast to small household size devices which are 
often out of own funds utility scale renewable energy power plants are 
usually always financed partly with loans. Low cost loans will thus directly 
reduce generation costs of the plants making them more competitive. For 
the case of The Bahamas the government may particular seek to pave the 
access to international soft loans available from multilateral organizations 
like the IDB, KfW and so on. 
 
Public institutions should and can provide a role model for the application 
of renewable energy. The application of renewable energy in public 
buildings creates persuasive examples that the Government is serious with 
deploying renewable energy. Section 10.1.5.4 provides some proposals how 
solar water heaters should be promoted in public buildings. 
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Voluntary instruments have only small potential under the current Bahamian 
framework. Since power customers have no freedom of choice between 
suppliers or different products/tariffs they cannot choose green electricity 
i.e. power from renewable energy sources. Moreover, the success of such 
programs has been rather limited in other countries in terms of evoked 
growth of renewable energy. We therefore recommend not relying on 
voluntary instruments for the deployment of renewable energy on The 
Bahamas. However, if BEC may wish to differentiate their tariffs in the 
future they may offer green tariffs particular to hotels. This way, hotels are 
able to “greening” their image. 
 
Regulations are successful means to promote renewable energy power 
generation. They promote generation rather than plant capacity so that the 
most effective and efficient operation of power plants is ensured. They do 
not rely on public budgets in the first place so that support over the life time 
of the plants could be easily ensured. Regulations can be either designed as 
quantity regulations or as price regulations. In quantity regulations the 
quantity i.e. the amount of electricity is the unit of control set by the 
government. There has been a generic discussion going on for a long time 
whether quantity regulations (i.e. Renewable Portfolio Standards or 
Tradable Green Certificate Schemes) or price regulations (i.e. Minimum 
Price Standards, Feed-In Tariffs, or Net Metering) are most effective and 
efficient for promoting renewable energy deployment. For the case of The 
Bahamas it is very clear that quantity regulations are not feasible for two 
reasons: 
 
• Due to the limited size of The Bahamas the resulting market for 

certificates would be rather small so that also the benefits of trade and 
flexibility usually accrued to quantity regulations would be small if at all 
realized. 

• The lack of a competitive framework for power supply on The Bahamas. 
Competitive governed power markets are a prerequisite for quantity 
regulation to work well. Without competition between those parties who 
are obliged to fulfill a certain quota there is no incentive to do that at 
lowest cost.  

 
These two arguments do not apply to Tendering Schemes as a specific type 
of quantity regulations. The further investigations on the most appropriate 
promotion regulation are thus focused on price regulations, in particular 
Net-metering and Feed-In Tariffs and on Tendering Schemes. 
 
The most important characteristics of any such schemes are that they - 
amongst other things - 
• provide for clear, non-discriminatory rules; 
• minimize transaction costs to potential investors; 
• show sufficient long-term stability to reduce investor's risks, attract 

financing and consequently allow for low risk premium for financing 
costs; 

• oblige BEC to  
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• connect renewable energy generation plants to the BEC transmission 
and distribution system; 

• purchase all electrical energy generated by such plant; 
• pay for renewable energy in accordance the scheme selected to 

promote usage of renewable energy; 
• cover a period which is similar to the expected life-time of the plant; and 
• provide security to the investor in so far as any changes to the scheme 

will only apply to new plants that have been developed 
 
For electric customers who generate their own electricity, Net Metering 
allows for the flow of electricity both to and from the customer – typically 
through a single, bi-directional meter. When a customer’s generation 
exceeds the customer’s use, electricity from the customer flows back to the 
grid, offsetting electricity consumed by the customer at a different time 
during the same billing cycle. In effect, the customer uses excess generation 
to offset electricity that the customer otherwise would have to purchase at 
the utility’s full retail rate. This policy is particular appropriate for small, 
distributed generation. It is easy to implement and run.  
 
Feed-In Tariffs guarantee priority access to the electric grid, priority 
dispatch, and sets a fixed guaranteed price at which renewable power 
producers can sell into the electric power for a specified period of time. 
Feed-in Tariffs are the most common promotion mechanism world-wide. By 
early 2010, at least 50 countries and 25 states/provinces had Feed-In Tariffs, 
more than half of these adopted only since 2005. Strong momentum for 
feed-in tariffs continues around the world as countries continue to establish 
or revise policies. States and provinces have been adopting feed-in tariffs in 
increasing numbers as well. This policy has been applied for small and 
utility scale plants. It provides certainty to investors and independent power 
producers. At the same time decreases specific costs of renewable energy 
power generation over time if digression factors are applied to the tariffs 
granted. The Net-Billing scheme proposed by BEC55 as an alternative to a 
Net Metering for photovoltaic plants is basically a Feed-In Tariff, since a 
fixed tariff is granted, which is higher than the power tariff to be paid by 
customers, an own meter for the pv generation is operated, and self 
consumption of the photovoltaic plant operator is not considered. 
 
Tendering schemes comprises call for tenders for contracts to construct and 
operate a particular project, or a fixed quantity of renewable energy. Public 
tendering has been not as common as the other promotion regulations. They 
are applied for utility scale projects and are particular advisable when 
generation costs of certain technologies under specific conditions are 
uncertain to the government. Theoretically, they assure a certain amount of 
power at least cost. However as experiences in other countries indicate, 
design of the tendering procedure need to be appropriate so that viable 
tenders are received and power plants materialize ultimately. 
 

                                                 
55 Letter of BEC to the Ministry of the Environment dated December 7, 2009. 



 
 

 
7399P02/FICHT-6472615-v1  10-25 

 
 

We propose to combine the benefits of all three types of regulation schemes. 
The individual scheme applies according to the plant size to be promoted. 
 
• Net metering / net billing schemes shall be established for small wind 

power plants and photovoltaic plants up to a size of 50 kW. Net metering 
will be only granted to plants operated on or close by buildings occupied 
by the operator of the plant. Generation equipment is installed with the 
primary objective to cover the customer’s electricity demand. 

• Feed-In tariffs for biomass fired power plants, photovoltaic plants and 
wind power plants in a non-customer based generation mode. 

• Tendering scheme for utility scale power plants with a minimum capacity 
of 5 MW. 

 
In principle, deployment of utility scale plants should be driven by the 
tendering scheme. However, considering the mixed experiences gained with 
tendering out renewable energy plants so far on The Bahamas and the 
challenges associated with designing appropriate call-for-tenders there is 
some risk that no utility scale renewable energy plants will materialize if 
relying exclusively on the tendering scheme. We thus propose to promote 
utility scale plants also with Feed-in Tariffs. However, one may restrict their 
eligibility for Feed-In Tariffs by time, capacity or other ways (see Section 
10.2.5). In Sections 10.2.3 till 10.2.6 we will describe in more detail the 
appropriate design of these three instruments for the particular conditions of 
The Bahamas. 
 
From the implementation of promotion schemes in general and from the 
regulatory schemes in particular extra costs arise compared to fossil 
generation. BEC will not be in the position to cover the additional cost 
through own operations and budgets. Therefore other sources for covering 
these extra costs need to be made available. Potential possibilities in this 
respect are 
 
• the generic public budget from the Government of The Bahamas 
• a particular tax,  
• a surcharge on electricity tariffs, and/or  
• income from climate trade. 
 
We recommend to create a common Renewable Energy Fund (in some US 
states called a “Public Benefit Fund”) where the monies dedicated to 
renewable energy are collected and distributed (see Chapter 10.4). The 
Sustainable Energy Unit can act as an administrator of the Renewable 
Energy Fund. 

10.2.3 Grid Access 

Grid access is crucial for the viability of renewable power plants run by 
third parties. Grid access has to be regulated both in a technical sense i.e. 
technical requirements on shut-off possibilities, fault-ride through 
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possibilities etc. and in economical sense i.e. who bears the cost of grid 
connection. For technical requirements we propose to follow IEEE 154756. 
 
The following costs for grid connection may be considered: 
 
• Expenses to connect a renewable power plant physically to the electricity 

grid, 
• Reinforcement of the grid if the capacity of the local grid is not sufficient 

to accept the new installation.  
 
A significant contribution of the total capital expenditures is the costs for 
physical grid connection. Therefore, they have an important impact on the 
economic viability of a project. Moreover, additional costs can be arising 
from grid extending and reinforcing. There are three methods identified 
below to distribute the occurred costs of connecting, extending and 
reinforcing: 
 
• Shallow connection charging 
• Deep connection charging 
• Mixed or shallower connection charging 
 
Shallow connection charging 
In the case of shallow connection charging, the plant operators will pay for 
the costs of the equipment needed to connect their plant physically to the 
nearest point of the electricity grid. The costs for reinforcement of the grid 
will be paid by the grid operators. Usually, the grid operators recover those 
costs by passing them to the final consumer through system charges. The 
national regulation on grid operators needs to allow for forwarding such 
costs.  
 
The shallow method of connection charging reduces the costs for plant 
operators, and allows him a clear and transparent estimation of the expected 
project cost at an early stage. On the one hand, an advantage of this 
approach is that plant operators can choose the location for their power 
plants based on resource potential and need not consider grid availability but 
only the distance to the next available point of connection. So project 
developers will seek to place the plant as close as possible to the existing all 
other things equal. On the other hand this can also be a disadvantage 
because it may lead to an inefficient choice of plant sites from the grid 
operator’s perspective and could lead to higher grid reinforcement costs. 
 

Deep connection charging 

When the deep connection charging method is applied, plant operators have 
to cover all costs of integrating their plant physically. This includes the costs 
of the equipment needed to connect their plant physically to the nearest 

                                                 
56 Standard for Interconnecting Distributed Resources with Electric Power Systems 
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point of the electricity distribution grid and all the cost of reinforcement 
necessary to connect their plant. The grid operators will bear no extra costs 
from physical integration. 
 
On the one hand this approach provides strong incentives to choose 
locations where costs from grid integration are low. This may lower the 
whole grid distribution system. On the other hand costs for the plant 
operators will be higher and unclear for grid reinforcement. Therefore this 
approach could hamper the deployment of renewable energy.  
 

Mixed or shallower connection charging 

The concept of mixed or shallower connection charging combines the deep 
and the shallow method. By applying the mixed or shallower method the 
plant operators will pay for the costs of the equipment needed to connect 
their plant physically to the nearest point of the electricity distribution grid. 
Grid operators and wind energy generators will share the costs of grid 
reinforcement. Usually, the plant operator has to pay a share of the costs of 
grid reinforcements that will arise due to adding the plant to the grid. In this 
case clear and transparent rules are necessary how to calculate the costs 
covered by each party. 
As with the deep connection charging approach, the mixed method gives an 
incentive to choose locations where the grid has sufficient capacity to 
accommodate the additional electricity generated from wind energy. The 
mixed or shallower method of connection charging combines the shallow 
and deep methods. This approach can be seen as a "compromise" between 
the two objectives of giving some location incentives and reducing the 
burden on the producer to pay grid reinforcement costs. Moreover, the 
higher costs for reinforcement can hamper the deployment of wind energy 
and could enforce the risk that locations with high wind energy potential are 
not used. 

For The Bahamas we recommend to follow the shallow charging approach 
for all power plants under the Feed-in tariff and the net-metering i.e. all 
smaller renewable power plants. For larger power plants under the tendering 
scheme we recommend deep charging. This makes additional costs of 
renewable power plants more transparent. Further, plant operators will be 
better able to control timing of required grid enforcement. 

10.2.4 Net-Metering / Net-Billing 

The instrument of net-metering /net-billing is foreseen for customer 
generation only. Customer generation can be defined as generation 
equipment which is installed with the primary objective to cover the 
customer's electricity demand and therefore the customer would not be 
allowed  

• to sell electricity to third parties; 
• to use the distribution network for the transmission of electricity; and 
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• to install generation capacity in excess of its self consumption. 
 

The typical contractual scheme which applies for RE Customer generation 
is based on "net-metering" or "net-billing" systems. In both cases the 
customer is connected to the BEC electricity network and at any point in 
time will be able to either deliver excess electricity from RE-generators into 
the BEC network or to draw electricity from the BEC network when the RE-
generation is not sufficient to cover its demand. There are a number of ways  
these schemes can be designed; however, recent schemes have followed the 
principles below: 

• any excess electricity during a billing period will be credited to the 
account of the customer and can be applied in later billing periods; 

• credits for excess electricity will only be applicable for a certain period 
of time, e.g. two years starting from the time where it was credited; after 
this period, the credit will expire; 

• BEC will not pay for any excess electricity neither when it is credited nor 
at the expiry date of such credit and hence avoids any negative impact on 
its cash flow (apart from the revenue lost through the RE customer 
generation); 

• The customer shall only pay for the electricity purchased by BEC if this 
is in excess of his self generation (including excess current credits) at the 
normal tariffs. 

 
The RE customer generation requires a framework which can be part of the 
newly created Renewable Energy Act. The RE-Act should establish the 
following 
• a procedure and the approvals required to establish a RE-customer 

generation facility; 
• that the customer shall apply for a net-metering system by providing the 

relevant information (type, size of generator, technology, single line 
diagrams, etc); 

• any limitations or threshold for a RE-customer generator (if at all); a 
threshold of 50 kW seems reasonable, however that would exclude some 
larger hotels from this scheme; 

• BEC shall be obligated to connect the RE-customer generator to its 
network and enter into a net-metering agreement; 

• BEC shall define the standards for the equipment including appropriate 
metering, control and protection equipment required for the installation 
of the interconnection of the RE-customer generator to the network; 

• the cost sharing principles related to the net-metering scheme, e.g.: 
• the cost for the installation of the RE-customer generator and the 

control and protection equipment shall be born by the customer; and 
• the cost of the meter shall be born by BEC; 

• BEC shall receive all electricity generated by the RE-customer generator; 
• BEC shall deliver electricity to the net-metering customer as per its 

demand not covered by RE-customer generation; 
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• the commercial principle for the net metering scheme (see proposal 
above);  

• BEC shall not charge more in terms of tariffs or fees than he would have 
paid if he had not entered into the net metering agreement 

•  a standard net-metering agreement that shall be applied between the 
customer and BEC (see Annex F as  an example of such agreement). 

 
Effectively, the generation under the net metering scheme will be 
remunerated at the level of power tariffs including the fuel surcharge. This 
applies both to the generated electricity self consumed as well as to the 
amount fed into the grid (and then virtually later consumed by the 
customer). However, from the point of view of BEC, the avoided costs of 
the net-metering are by far smaller than the power tariffs. This it because the 
power from net-metering fed into the grid displaces only fuel so that only 
fuel purchasing costs reflected in the fuel surcharge are avoided. 
 
For this reason one may apply an alternative approach where the power fed 
into the grid will be only remunerated at the level of BEC’s avoided costs. 
This way BEC will not loose money when absorbing decentralized power 
even under the current tariff regime. Technically such concept would 
require two meters: One which meters the power fed into the grid; the other 
meters the remaining power purchase from the grid. The customer receives 
a strong incentive to use as much electricity as possible from the self-
generated power because self-generated power would be rated at the general 
power tariff which is higher than the avoided costs alone. From BEC’s 
perspective the self-consumed self-generation can be regarded the same as 
an energy saving measure reducing power purchase. With BEC generation 
costs being substantially higher on some of the smaller Family islands, one 
may consider a higher remuneration for the power fed into the grid 
reflecting the actual avoided costs on those particular Family islands. In this 
case BEC should identify islands which feature higher specific fuel costs 
and total generation costs.  
 
The legal basis for net-metering should be part of the Renewable Energy 
Act. One may consider also covering conventional generation below 50 kW 
when operated in a combined mode i.e. combined heat power generation or 
combined cold power generation. 
 
The net-metering scheme should be monitored by the Utilities Regulation 
and Competition Authority (URCA). 

10.2.5 Feed-In Tariff 

Feed-In Tariffs should apply to any non-consumer based RE generation and 
any consumer based generation from plants larger than 50 kW. Consumer 
based generation smaller than 50 kW will benefit from net-metering (see 
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above). Feed-in tariff systems can be designed according to a number of 
criteria considering: 
 
• the maturity of certain technologies; 
• the specifics of the technology (intermittent generation, non-firm 

capacity, firm capacity etc); 
• the size of the plant in terms of installed generation capacity; and 
• the methodology used to determine the level of the feed-in tariff (avoided 

cost of BEC, live-cycle cost of the technology). 
 

It is too early to provide details on the design of a feed-in tariff system for 
the Bahamas, however, at the present stage it is recommended to apply feed-
in tariffs only for mature technologies (such as wind, biomass and solar 
energy) and medium scale renewable energy generation. Medium Scale RE-
generators typically defined to be within a certain capacity range with an 
upper limit. This threshold depends from various factors, such as the 
capabilities of the BEC network, the estimated RE-potential, expected 
economies of scale. In smaller networks, such as island networks, the 
threshold is typically in the range of 10 to 15 MW installed capacity, in 
larger networks the threshold is often set up to 30 MW.  
 
To enable the establishment of such medium scale RE-generator with 
minimized transaction cost, the relevant procedures are set out in a specific 
legislation which may be part of a general Renewable Energy Act. The 
objective of this legislation will be to set out 
 
• rules, requirements, responsibilities and obligations for all key parties 

involved in such a transaction 
• the criteria for eligible projects;  
• the feed-in tariff structure for electricity generated from such medium 

sized RE-generation plants; and  
• the conditions and procedures concerning preparation, amendment, 

supplementation and expiry of the electricity tariff to be applied to such 
medium size RE-generation plants which are connected to the 
distribution and transmission grid.  

 
The following briefly describes the major contents legislation (for purposes 
of simplification such legislation will be referred to as "Renewable Energy 
Act" or "Act") 
 

1. Eligible technologies 
The Act needs to define those technologies which are considered to 
be eligible to participate in the feed-in tariff scheme set out under 
the Act, e.g. 

 
a) Wind power 
b) Biomass 
c) Solar energy 
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More renewable technologies such as wave energy, ocean thermal 
energy conversion and marine current may be added later on. 

 
2. Eligible RE-generation plants 

RE-generation plants eligible for the Feed-In Tariff must feature 
the following properties:  

 
a) must be designed to feed their generated electricity from bio 

mass, solar, or wind entirely into the BEC distribution and 
transmission grid ; 

b) no larger capacity than 5 MW; plants larger than 5 MW shall be 
subject to competitive tendering (see Section 10.2.6); in case 
the competitive tendering does not lead to a total capacity of at 
least 50 MW by 2015, the cap on maximum size within the 
Feed-In tariff should be relieved. 

c) plants larger than 500 kW must feature fault ride-through 
capability, frequency control, voltage control and supply of 
reactive power 

d) must have been issued a generation license; 
e) must  

i. either be listed in an RE-plan to be developed by the 
competent authority; or 

ii. be the subject of a Feed-In Tariff application which 
in the case of wind power is accompanied by 
resource measurement data relating to the proposed 
site and relating to a period of at least one recent 
year.  

 
3. Development of an RE-Plan 

The competent authority (Ministry of The Environment) shall 
prepare a RE-Masterplan one year after the enactment of this Act, 
and issue a list of projects (two years after the enactment of this 
Act) which proposes certain projects based on the potential of the 
applicable RE-technologies and publish such RE-Masterplan 
together with all back-ground information. 
 

4. Application for the Feed-in Tariff 
A private investor may apply for any project which is included in 
the List of Projects mentioned above, or may come up with an own 
project  proposal which has not been listed. The investor must 
prepare, collect and submit all current feasibility data regarding the 
project and undertake completion of all other necessary procedures 
for licensing. Once the investor submits the data to the competent 
authority, that authority must either (a) update the List of Projects 
to include the new project or (b) reject inclusion of the new project 
in the List of Projects and provide reasons to the investor for that 
rejection.   
 



 
 

 
7399P02/FICHT-6472615-v1  10-32 

 
 

5. Tariff Rate 
The Feed-In Tariff rate shall be established with reference to the 
actual levelized cost of renewable energy generation under the 
specific conditions of The Bahamas. The tariff needs to be 
differentiated by technology (biomass, solar, wind power). Further, 
one may consider differentiating by plant size. Typically it would 
be a task of the regulatory authority to determine such Feed-in 
Tariff based on avoided cost, however, in the absence of a 
regulator, this may be undertaken by the Ministry of The 
Environment in co-operation with BEC. The generation costs 
determined within the various pre-feasibility studies might be 
indicative for this purpose 

 
An eligible RE-generator that has received the required licenses 
and approvals will receive payments of the guaranteed Feed-in 
Tariff for each kWh generated by the plant and delivered to the 
BEC network after commercial operation date of the plant for a 
period which equals the economic lifetime of the equipment (i.e. 20 
years). 
 
The Feed-in Tariff may be adjusted on an annual basis according to 
the consumer price index of Bahamas in respect to the portion of 
maintenance cost by using the following general Feed-In Tariff 
escalation rule: 
 

 

a
a

i
i T

I
IxxT ⋅⋅−+= ))1((  

with 
x: Share of tariff not effected by inflation 
(1-x): Share of tariff effected by inflation 
Ti :  Feed-In Tariff in year i of operation of an individual 

plant  
Ii :   Bahamian consumer price index in year i of operation 

of an individual plant 
Ia :  Bahamian consumer price index in year a start of 

operation of an individual plant 
Ta :   Feed-In Tariff in year a start of operation of an 

individual plant 
 

Note: The parameter x will have to be determined in 
accordance with the requirement for the specific technology. 

 
The level of the various tariffs should be subject to regular review 
and adaptation (see also point 9 below). However, tariffs shall be 
only adjusted for new power plants i.e. tariffs for power of a certain 
vintage shall remain unchanged irrespective from inflation 
adjustments.  
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Due to technology advancements and fast growing markets prices 
for photovoltaic plants have dropped substantially in the past decade. 
It is expected that prices will drop further in the future. We thus 
recommend implementing an automatic annual tariff adjustment for 
solar power plants. I.e. the tariff for newly installed solar power 
plants is reduced by 5% against the tariff of the previous year. 
 

6. Grid Connection, Reinforcement and cost allocation 
RE Generators shall have guaranteed access and connection to that 
point in the BEC network which is suitable in terms of the voltage 
and which is physically the nearest point from the location of the 
RE-Generator unless otherwise agreed between the RE Generator 
and the BEC. 
 
BEC's obligation to connect the RE-generator to the grid system 
shall also apply when measures for reinforcement or expanding of 
the network are necessary to connect and transmit the electricity. 
BEC shall optimize, reinforce, boost and expand the grid where this 
is necessary in order to guarantee the purchase, transmission and 
distribution of the RE electricity generation. 
 
The RE generator shall pay for the costs of the equipment needed 
to connect its RE-plant to the connection point; BEC shall pay for 
the costs for reinforcement, optimizing or expanding of the grid 
necessary to connect the RE Plant to its network. 
 
The RE Generator shall be obligated to adhere to any existing code 
or practice in respect to the connection and operation of the BEC 
network (such as a transmission or distribution code) 

 
7. Standard Power Purchase Agreement  

The competent authority will publish a standard Small Power 
Purchase Agreement (SPPA) which will apply for the renewable 
energy technologies eligible as RE-Generator under this Act. SPPA 
should be specific to the technology, i.e. different SPPA for 
biomass, solar power, and wind power. Annex F provides an 
appropriate example of a SPPA for the case of wind power. The 
competent authority must review the terms of the SPPA on a 
regular basis to assess the appropriateness of its terms and 
wherever deemed to be appropriate amend the SPPA applying to 
future RE Power Plants.   

 
8. Purchase obligation 

BEC shall enter into a power purchase agreement with the RE-
Generator under which it shall  
 

(a) be obligated to buy all electricity generated and delivered to 
BEC at the Connection Point from any approved RE-Plant;  

(b) and pay the Feed-In Tariffs set by this Act. 
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9. Monitoring, reporting and review 
The Act shall define a number of reports that BEC, the RE-
generator and/or the competent authority need to provide to various 
authorities involved. This may include 
 
• Installed capacity of RE generation connected to the BEC 

network; 
• Electricity generated by RE-Generators; 
• Update on eligible technologies under this Feed-in tariff 

scheme; 
• Financial impact of the Feed-in Tariff on BEC's finances and/or 

the electricity tariff; 
• Reduction of green-house gas emissions through the RE-

Generation; 
• Issues arising during the implementation of the Act. 
 
The regulatory authority shall be in charge of monitoring: 
• the implementation of the RE-Generation Plants; 
• the impact on the operation of the BEC networks; 
• the progress of the implementation of the RE-program; 
• the establishment of the List of Projects; 
• technical standards required for connection of RE-Generators to 

the BEC network; and 
• the appropriateness of the level of Feed-in tariff. 
 
The level of Feed-in tariff shall be adapted for new plants based on 
the report of the regulatory authority. 

 
The Feed-in tariff should be monitored by the Utilities Regulation and 
Competition Authority (URCA). 
 
Couture et al. (2010) and Mendonca et al. (2009) represent rich resources 
for designing the specifics of a Feed-In Tariff. 

10.2.6 Tendering 

Tendering is foreseen for any RE power plants larger than 5 MW. A 
competitive tendering process would allow for determining generation costs 
under the specific conditions of The Bahamas. The determined costs could 
be also indicative for setting feed-in tariffs in the future, an approach other 
countries like Spain and China had followed before. There should be 
separate call for tenders for biomass, solar power, and wind power, however 
they can be issued and administrated simultaneously. We propose to have 
one call for tender cycle per year. For the first three years, a single project 
should be tendered out in each technology category. This would allow for 
gaining experiences stepwise and enhancing the tendering procedures and 
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requirements accordingly. Candidates for the first rounds of calls would be 
the projects identified in the deployment scenarios for RE (refer Preliminary 
Report II): 

• two biomass facilities on Abaco, Grand Bahama respectively 
• open field solar power plants on the Family Islands 
• wind power plants on New Providence, Grand Bahama respectively 
 
The call should specify the island but not necessarily the specific location 
on the island. However, if certain favorable locations are already identified 
and the respective land is available then the call could specify this particular 
location. The call should further specify a range of capacity expected or a 
range of expected output. Annex F provides an example of a Call for 
Tender.  
 
For the case of power plants in the supply area of BEC Standard Power 
Purchase Agreements similar to those within the Feed-In Tariff scheme are 
awarded to the winning bidders. For the case of Grand Bahama it has to be 
decided whether GBPC itself will operate the plant i.e. only design and 
construction are tendered out or whether GBPC will award a PPA as well 
involving an Independent Power Producer.  
 
The Sustainable Energy Unit of GoBH shall issue, manage and decide on 
the call for tender for those projects which are situated in the supply area of 
BEC. For design of the call for tender and for the assessments of tenders the 
Sustainable Energy Unit shall work closely together with BEC. The 
tendering procedure shall adhere to internationally accepted principles for 
procurement. This includes the following. 
It is important to note that in the Bahamas, unlike many other countries, no 
explicit procurement laws or other legislation regulating procurement 
practices of the Government, of Governmental Institutions or parastatal 
institutions exist. In this sense it is of even greater importance that the 
highest standards of best practices are maintained as well as a high level of 
integrity in the procurement process. This process need to be secured 
through appropriate internal and external checks and balances i.e. through: 
 
• strict application of the 4-eyes-principle; 
• clear-cut “Chinese walls” in terms of decision-making in the 

procurement process; 
• use of appropriate internal bodies, like a “Tender Committee”, Internal 

Audit as well as 
• external auditors. 
 
The internationally accepted and well established structure of procurement, 
to protect the integrity of the entire procurement process, worldwide, in 
utilities establishments, not only in the energy production and distribution 
industry, is to have a clear-cut division of labor and responsibilities 
between: 
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• The technical specification function in preparation of procurement 
/tenders as well as providing technical expertise in the assessment of 
offers / proposals and evaluation of the technical parts of tenders, as a 
responsibility of an engineering department and; 

• the execution of the actual (commercial and legal) procurement process 
(determining the appropriate type of procurement process, issue of pre-
qualifications or obtaining quotations and offers, evaluation of prices and 
evaluation of all commercial parts of tenders as the responsibility of a 
separate “commercial” procurement department with clearly 
distinguished responsibility, in a separate line of reporting (at “an arms 
length”). 
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10.3 Institutional Capacity 

10.3.1 Existing Institutions 

In the following energy related tasks of the existing institutions on The 
Bahamas are reviewed. 

The Ministry of the Environment 

Within this Ministry the responsibilities related to energy are bundled in the 
Port Department. Energy related responsibilities comprise: 
 
• Relations with The Bahamas Water and Sewerage Corporation 
• Relations with The Bahamas Electricity Corporation (BEC) 
• Relations with the Petroleum Industry 
• Oil and Natural Gas Exploration 
 
Any issues related to the development of ocean energy development would 
fall also in the responsibility of this department. Further on, spatial planning 
is also allocated in this Ministry. Spatial planning is of particular importance 
to guide the spatial development of renewable energy sources.  
 
The Minister of the Environment may make rules to prescribe BEC's 
activities by setting standards and specifications amongst others for service 
quality, electrical installations and apparatus, electrical measurement, 
system design and qualification of personnel. The Electricity Act provides 
that the Corporation shall consist of a number of members "not exceeding 
nine or less than five" which shall be appointed by the Governor. The Board 
of Directors shall be headed by the Executive Chairman, who again shall be 
appointed by the Governor. Today this is interpreted to establish a Board of 
Directors which is appointed by the Minister. Further the Minister may give 
(after consultation with the Corporation) directions to the Corporation 
whether of general or specific nature as appear the Minister to be requisite 
in the public interest. The Corporation shall give effect to any such 
direction. As such the regulatory function of the electricity sector in the 
BEC supplied areas is presently performed by the Ministry of Environment 
and BEC itself.  
 

The Ministry of Housing 

Two responsibilities of this Ministry touch energy issues: 
 
• Construction of Medium and Low-Income Housing 
• Implementation of Government's Housing Scheme 
 
With these responsibilities the Ministry can push to an energy efficient 
design of buildings. Further the Ministry is in charge for the relations with 
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The Bahamas Mortgage Corporation. This cooperation could tie the award 
of mortgages to certain requirements on the efficiency of buildings.  
 

Other Ministries 

Energy crops will touch the responsibility of the Ministry of Agriculture and 
Marine Resources. The Ministry of Finance gets involved when renewable 
energy equipment or energy efficient appliances are to be tax e/customs 
exempted. The Hospital Health Facility under the Ministry of Health is in 
charge for the development of the hospitals and in this regard in charge for 
reducing energy demand in hospitals. The Department of Lands and Surveys 
is responsible for the Government Lands. In this regard they might be able 
to offer Government Lands for wind power and photovoltaic development 
as well as use these lands for growing energy crops. 
 

Utilities Regulation and Competition Authority 

In 1993 GoBH established an independent regulatory function for all public 
utilities by introducing the Public Utilities Commission (PUC) by issuing 
the Public Utilities Commission Act (1993). The PUC started regulatory 
activities in 2000 only for the telecommunication sector. Regulation of the 
electricity sector would only start when determined by the GoBH.  
 
To strengthen the role of the regulatory function on the Bahamas, the PUC 
was recently replaced by the Utilities Regulation and Competition Authority 
(URCA), established under the URCA Act dated 2009 as a body corporate 
with perpetual succession and a common seal. Presently URCA is not 
mandated to undertake regulatory activities in the energy sector but these 
functions are conducted by the Ministry of the Environment. 
 
However, URCA can be considered as the appropriate vehicle for sector 
regulation as it complies with all such requirements. The URCA Act sets 
URCA to be a corporate body with perpetual succession and common seal 
which has the right to sue and to be sued and which has all powers 
necessary for all sector regulation. As such it has amongst other things the 
rights to: 
 
• to make determinations and adjudications; 
• to issue regulations, directions, decisions etc.; 
• to issue technical rules; 
• to issue, suspend, vary or revoke licenses; 
• to conduct enquiries, investigations and market reviews; 
• to publish information and reports; and 
• to request information from the licensees operating in the regulated 

sector  
 
Further details on the potential role of URCA are given in the report on 
Component III of the project “Strengthening the Energy Sector in The 
Bahamas (BH-T1012)”. 
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The National Energy Policy Committee (NEPC) 

The NEPC is formed by members of the Ministry of the Environment, the 
Ministry of Finance, the Ministry of Tourism and Aviation, the BEC, two 
oil suppliers and several other stakeholders. The task of the NEPC is to 
review the Bahamian economy, the global energy situation and the 
Bahamian energy sector. The findings as well as short-, medium- and long-
term targets and objectives are published in the first report in November 
2009.57 The proposed implementation strategy allocates different activities 
to various government agencies which the NEPC considers as sufficiently 
independent to allow concurrent development and execution. The NEPC 
itself has no executive power. 
  

Bahamas Electricity Cooperation 

The electricity supply in The Bahamas is dominated by the Bahamas 
Electricity Corporation (BEC) which was established under the Electricity 
Act (1956) as a wholly government owned public corporation. BEC has the 
primary duty to secure the supply of electricity within its supply area at 
reasonable prices. The supply area presently covers the Island of New 
Providence and any designated Out Island or part of an Out Island with the 
exception of Grand Bahama (see below).  
 
The Electricity Act grants BEC the (exclusive) right to purchase, generate, 
transmit, transform, distribute and sell energy in bulk or to individual 
consumers and hence creates a quasi monopoly by restricting the right of 
any other person to install power generation capacity exceeding 250 kW 
without prior approval by the Minister. Exempted from this prohibition are 
only generation facilities which are only used for the purpose of supply of 
back-up electricity, emergency supply or in cases where BEC cannot be 
supply electricity to the consumer. 
 
BEC has appointed a special committee to review the most viable renewable 
energy technology at the utility scale. The committee has among others 
published an open call for tender and assessed the tenders without any final 
decision. 
 

Grand Bahama Power Company. 

On Grand Bahama electricity supply is under the authority of the Grand 
Bahamas Port Authority (GBPA). The Hawksbill Creek Agreement signed 
in 1955 granted the GBPA the right to develop a deep water harbor and to 
establish an industrial area at and in the vicinity of Hawksbill Creek on 
Grand Bahama. Together with this right, the responsibility for the provision, 
management and administration of all infrastructures including the sole right 
to construct and operate utilities (in particular electricity, gas and water 
supply, sewerage disposal services and telecommunications) was transferred 
to the GBPA. GBPA does not require any license, permission or further 

                                                 
57 A review of this document was presented to MOTE in spring 2010. 
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authorization from the GoBH to provide such services. The Hawksbill 
Creek Agreement grants the GBPA the authority to determine and charge 
rates or other charges for the provision of utility services.  
 
In 1990 the electricity supply on Grand Bahama was privatized and became 
what is now the second largest electricity supplier on The Bahamas: the 
Grand Bahama Power Company (GBPC), which operates under a franchise 
granted by the Grand Bahamas Port Authority (GBPA). The GBPC is a 
fully integrated electricity company that supplies electricity to the whole 
island of Grand Bahama.  
 
There is no information available on the license or concession that the 
GBPA has entered into with the GBPC and or the way GBPC is regulated.  
 

Conclusion 

The responsibilities for energy issues are spread over different institutions. 
That is in the nature of the subject. The main responsibilities are however 
with the Ministry of the Environment. Thus the MOTE is the appropriate 
institution to progress the further sustainable development of the energy 
sector. Yet there is a lack of resources and power to coordinate and follow 
up processes. This in particular true with the follow-up of the supporting 
efforts to implement the National Energy Policy as described in the 1st 
report of the NEPC. We thus propose to establish a Sustainable Energy Unit 
within the MOTE. The framing, duties and resources are described in the 
following section. 

10.3.2 Sustainable Energy Unit 

It is proposed to establish a Sustainable Energy Unit (SEU) within the 
Ministry of the Environment. The main purpose is to follow up 
consequently activities identified by the NEPC (and this study). In this sense 
it may serve as an operational branch of the NEPC. For this purpose, the 
SEU will report to the NEPC once a year. The SEU will be supervised by 
the Minister of The Environment. 
 
Beyond own activities it may serve as a catalyst for activities which are in 
the responsibility of other government agency but potentially not in their 
core interest. This way the SEU shall ensure that the all efforts towards 
more energy efficiency and renewable energy are achieved in a coordinated 
and concise manner. Table 10-3 provides a list of tasks where the SEU have 
the primary responsibility or serves as a catalyst. This table comprises only 
activities which are identified in this report. Further activities e.g. those 
identified in the 1st report of the NEPC might be added. 
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Task Primary 
responsibility 

SEU role 

Pr
io

ri
ty

 

T
im

e 
ho

ri
zo

n 

Designing, initiating and operating 
energy efficiency promotion 
programme households 

SEU  +++ short 

Energy audits for households SEU Auditor as 
SEU staff 

++ short 

Duty exemptions for energy efficient 
equipment 

Ministry of 
Finance 

catalyst ++ short 

Introduce Solar Ordinance GoBH Draft 
ordinance 

+++ medi
um 

Energy auditing for hotels Bahamas Hotel 
Association 

Supervision of 
auditor 

+++ short 

Monitor energy demand in public 
buildings 

Energy Manager Energy 
manager 
report to SEU; 
SEU publish 
benchmarks 

+++ medi
um 

Energetic review of planned new 
public buildings 

SEU approval ++ short 

Change Article 15 of the Electricity 
Act to allow connection of RE and 
energy efficient CHP 

GoBH catalyst +++ short 

Establish Net-Metering/ Billing GoBH Draft scheme ++ medi
um 

Establish Feed-in Tariff GoBH Draft scheme ++  
Establish Tendering scheme for RE BEC Draft scheme 

Monitor 
annual tender 
process 

+++ short 

Duty exemptions for RE equipment Ministry of 
Finance 

catalyst ++ short 

National strategy for coordinating 
research in RE 

SEU draft + medi
um 

Establish National Renewable Energy 
Fund 

SEU manage + medi
um 

Table 10-3: Tasks and roles of the SEU 
 
We propose to set benchmarks for tasks whenever possible. I.e. the SEU can 
be required to conduct at least 200 energy audits per year or a solar 
ordinance should be drafted and discussed with stake-holders within one 
year. 
 
A staffing of three persons is proposed. This should include 
 

1. An engineer skilled in energy audits. This person shall conduct the 
energy audits in private households, shall supervise the energy auditor 
for the hotels located with the BHA, monitor energy demand in public 
buildings and review plans of new public buildings. He should assist 
the economist of the SEU in technical issues. 

2. An economist with a legal/regulatory background. This person shall 
be responsible for drafting all proposed schemes, and serve as a liason 
to other ministries and URCA 



 
 

 
7399P02/FICHT-6472615-v1  10-6 

 
 

3. A communication officer. Mainly responsible for designing and 
conducting energy efficiency promotion programs. 

 
This staff should be supported by a secretary. 
 

10.4 Financing 

Deployment of renewable energy may cause additional costs in the initial 
phase of introduction. This is because  
 
• Programs need to be run to overcome non-economical obstacles 
• RE technologies are more expensive in early stages of market 

introduction than in later stages 
• The potential future increase of fossil fuel prices are not appropriately 

reflected in individual cost calculations when investment are decided 
 
These additional costs can be covered by internal sources or by international 
sources. Internal Bahamian sources would include: 
 
• A surcharge on electricity tariffs 
• An energy tax on any energy consumption 
• National budget of the GoBH 
 
External sources include 
 
• The Global Environmental Facility 
• The Clean Development Mechanism 
 
Financing should rely mainly on national sources so that GoBH is able to 
govern deployment of renewable energy to the largest extent. However, a 
combination with international funds would allow easing the burden on 
Bahamian budgets. Not all tasks for promoting renewable energy and 
energy efficiency deployment can be financed by any of the finance sources 
mentioned above. In the following we discuss some elements of financing. 
 

Renewable energy surcharge on electricity tariff 

A RE surcharge on electricity tariffs would follow the polluter pays 
principle. It is easy to implement. Further, the higher the share of renewable 
energy gets in the power generation portfolio the smaller the existing fuel 
surcharge. Thus, the fuel surcharge will be melted down eventually so that 
the total burden on power consumers including a RE surcharge may 
decrease eventually over the long run as well. One may consider exempting 
certain customer groups from paying the RE surcharge i.e. if they cannot 
afford the initial extra burden.  
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Energy tax 

Compared to the power surcharge, an energy tax is usually harder to 
implement. However, the basis on which the tax is put i.e. all fuels 
consumed is larger than power generation alone so that the specific burden 
per unit of energy would be lower. This is because an energy tax may also 
include transport fuels. Since the energy tax would increase costs of fuel 
purchase to BEC it would also increase power tariffs. Income from the 
energy tax could be also used to promote energy efficiency and renewable 
energy in the transport sector. 
 

Global Environmental Facility (GEF) 

GEF money is available only on a specific project basis. GoBH has already 
accessed these funds for financing demonstration schemes for solar thermal 
water heater and photovoltaic systems. Development of a Programme of 
Activity (PoA) under the Clean Development Mechanism (CDM) might be 
subject to further finance by GEF. For instance, SEU does look into PoA 
project development and could prepare a proposal for PoA developments to 
be discussed in a next stage with the Country Operational Focal Point 
regarding eligibility. The transaction costs for getting a PoA properly 
developed and running are quite considerable and may be in the range of 
several hundred thousands BSD including all stages, like PDD 
development, Validation, Registration fee, annual monitoring and annual 
verification.  
 
The way forward could be to 
 
• Prepare a Project Identification Form (PIF) using GEF format 
• Consult GEF Country Operational Focal Point and discuss PIF for 

getting confirmation on general eligibility 
• If positive reply, select an implementing/executing agent to GEF and 

discuss the way forward to submit full project proposal to GEF, identify 
co-funding component (by whom and how provided) 

• Await approval from GEF 
• Implement the project 
 
It should be noted that GEF funded projects require a co-contribution from 
outside that is typically higher than 50% of the financing provided by GEF. 
So, national contribution to project financing would be required.  
 

Clean Development Mechanism (CDM) 

Under the CDM reductions of CO2 emissions can be certified occurring 
from energy efficiency projects or the deployment of renewable energy 
compared to the use of fossil fuels. These certificates (CER) can be then 
sold to countries which have an emission reduction target under the Kyoto 
protocol. The marketing of the CER creates an income stream to The 
Bahamas. Usually, CERs are issued to individual projects e.g. a wind power 
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plant and income from CER marketing accrues to the project owner. So far, 
no CDM project has been registered on The Bahamas. Implementing 
national policies like a Feed-in tariff may threaten the eligibility of 
renewable energy projects for CDM thus reducing international 
development financing. The GoBH thus needs to be very careful when 
crafting its national promotion policies so that they can still benefit from 
international income streams through CDM. In order not to threaten CDM 
income streams, countries considering the establishment of a feed-in tariff 
should design the feed-in tariff to clearly outline two components, the basic 
(existing) tariff for conventional power plants and the bonus tariff paid for 
renewable energy project types. In this way adequate evidence is provided 
for validating the input parameters for both scenarios of the investment 
analysis. It can be argued for instance that, if the managing entity 
established under the government would not have introduced the new 
renewable energy feed-in-tariff, private sector would not have invested into 
renewable energy projects.  
 
We propose to investigate an alternative approach where all activities under 
a promotion scheme e.g. all renewable power plants under the Feed-in tariff 
are jointly recognized as a so called Programme of Activity and CERs 
would accrue to the Programme Operator i.e. the GoBH. This way, national 
promotion schemes and CDM may supplement each other perfectly. Using 
CDM revenues to cover extra costs from promoting renewable power plants 
will ease the national financial burden and thus increase political acceptance 
of introducing national promotion schemes.  
 
Combining CDM with national promotion policies increases the leverage of 
CDM monies and will attract more CDM finance at the same time. An 
advantageous combination of CDM with national promotion policies should 
thus be in the perfect interest both of developed countries (Annex I parties) 
and developing countries (Non-Annex I parties). Programmes of Activities 
(PoA) as established under CDM may thereby serve as a mechanism to link 
national policies with CDM most beneficially.  
 
Practical experiences with CDM PoA are still in a very early stage. To date 
no PoA touching on the acceleration of renewable energy in a Non-Annex I 
Party has yet been proposed. What it now needed is the development of the 
first PoA Design Documents in this sector that will be put forward for 
validation and registration at UNFCCC level. The general guiding principles 
for CDM-PoA are available already a few years and have been evolved 
since then. They explain the broad framework for design and 
implementation of a PoA, but many details have to be worked out by 
proponents of PoA. 
 
Despite the fact that there is no final certainty whether or not the CDM-
Executive Board (EB) would approve grid connected renewable energy 
projects in developing countries that receive a legally agreed renewable 
energy tariff at national level under a PoA it would be worthwhile initiating 
these pilot projects in this context to test whether this mechanism would 
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support this particular type of national policy or regulation. In this regard, 
the EB needs to clarify further how national policies are considered in 
baseline definition and in the additionality analysis.  
 
To test the eligibility of the PoA for CDM it could be argued that the PoA 
has helped to implement a policy or regulation. Without the renewable 
energy tariff paid it could be argued that a renewable energy project would 
not have been implemented. It could be also argued that by means of PoA 
even more of these projects could be implemented because CDM 
transaction costs will not occur on individual CPA level and thus are not 
affecting project owners’ budgets. However, providing this level of 
evidence at PoA level could prove to be really challenging. 

 
The Certified Emission Reductions (CER) resulting from the renewable 
power plants can be used to cover extra costs in relation with the tariff. The 
CER would be transferred to a public coordinating entity, for instance, the 
national ministry in charge for renewable energies. Individual CPA 
developers will not receive CERs since in return they will receive the bonus 
tariff that helps them to make their projects more economically viable. 
 
It would be good if the newly established feed-in tariff makes a link to the 
CDM. It should be explained that the CDM concept will be used at PoA 
level is meant to provide private sector with an incentive to invest in this 
technology. 
 
 



 
 

 
7399P02/FICHT-6472615-v1  11-1 

 
 

11. References 
 

Alden, P., F. Heath, A. Leventer, R. Keen, W. B. Zomfler, eds. 1998. 
National Audubon Society Field Guide to California. Knopf, New York. 

Arnold, W.J., L.E. Warren. 1966. Dowpon C. Grass Killer - a new product 
for controlling perennial grasses such as Johnson grass and Bermuda grass. 
Down to Earth 21:14-16. 

Bell, G. P. 1997. Ecology and management of Arundo donax, and 
approaches to riparian habitat restoration in Southern California. In Plant 
Invasion: Studies from North America and Europe. J.H. Brock, M. Wade, P. 
Pysek and D. Green, eds. Leiden, the Netherlands: Backhuys, pp. 104-114. 
http://tncweeds.ucdavis.edu/moredocs/arudon01.pdf.  

Boose, A. B., and J. S. Holt. 1999. Environmental effects on asexual 
reproduction in Arundo donax. Weeds Research 39: 117-127.  

Couture, T., K. Cory; C. Kreycik, E. Williams: A policymaker’s guide to 
feed-in tariff policy design. Technical Report NREL/TP-6A2-44849. 
Golden 2010. http://www.nrel.gov/docs/fy10osti/44849.pdf Accessed 
August 9, 2010. 

DiTomaso, J.M., and E.A. Healy. 2003. Aquatic and Riparian Weeds of the 
West. University of California, ANR Pub. 3421. p. 441. 

Doris, E.; J. Cochran; M. Vorum: Energy efficiency policy in the United 
States. Overview of trends at different levels of government. Technicla 
Report NREL/TP-6A2-46532. Golden 2009. 
http://www.nrel.gov/docs/fy10osti/46532.pdf Accessed July 21,2010. 

Dudley, T. 2005. Global Invasive Species Database: Arundo donax. 
Invasive Species 

Else, J. A. 1996. Post-flood establishment of native woody species and an 
exotic, Arundo donax, in a Southern California riparian system. Master’s 
thesis. San Diego State University, San Diego, CA.  
http://teamarundo.org/ecology_impacts/giessow_j_thesis.pdf 

EPA 2010a US Environmental protection agency; US department of Energy 
http://www.energy-star.com 

EPA 2010b 
http://www.energystar.gov/index.cfm?c=refrig.pr_crit_refrigerators 

EPA 2010c energy star: overview of 2009 achievements 
http://www.energystar.gov/ia/partners/annualreports/2009_achievements.pdf  

EU 1992 Directive 92/75/EEC 

http://tncweeds.ucdavis.edu/moredocs/arudon01.pdf�
http://www.nrel.gov/docs/fy10osti/44849.pdf�
http://www.nrel.gov/docs/fy10osti/46532.pdf Accessed July 21,2010�
http://teamarundo.org/ecology_impacts/giessow_j_thesis.pdf�
http://www.energy-star.com/�
http://www.energystar.gov/index.cfm?c=refrig.pr_crit_refrigerators�
http://www.energystar.gov/ia/partners/annualreports/2009_achievements.pdf�


 
 

 
7399P02/FICHT-6472615-v1  11-2 

 
 

EU 2003 Directive 2003/66/EC amending Directive 94/2/EC 

EU 2010 Directive 2010/30/EC 

Franklin, B.B. 1996. Eradication/control of the exotic pest plants tamarisk 
and Arundo in the Santa Ynez River drainage. USDA-FS-PSW, no number. 

Granval, P. et al. 1993. The impact of agricultural management on 
earthworms (Lumbricidae), common snipe (Gallinago gallinago) and the 
environmental value of grasslands in the Dives marshes (Calvados). Gibier 
Faune Sauvage 10:59-73. 

GRIN (Germplasm Resources Information Network). 2001. Online 
Database. United States Department of Agriculture, Agricultural Research 
Service, National Germplasm Resources Laboratory, Beltsville, MD. 
Available: http://www.ars-grin.gov/cgibin/npgs/html/taxon.pl?4439 
(Accessed: September 12, 2001). 

Hafliger, E. and Scholz, H. 1981. Grass Weeds 2. Documenta, Ciba-Geigy 
Ltd., Basle, Switzerland.  

Haslam, S.M. 1958. Biological flora of the British Isles: Phragmite 
communis Trin. (Arundo phragmites L. ? Phragmites australis (Cav.) Trin. 
ex Steudel). List Br. Vasc. Plants No. 665. J. Ecol. 60: 585-610.  

He, X. et al. 1991. A preliminary study in the ecology of the lesser bamboo 
rat (Cannomys badius) in China. Zoological Research 12:41-46. 

Herrera, A., and T. L. Dudley. 2003. Invertebrate community reduction in 
response to Arundo donax invasion at Sonoma Creek. Biol.Invas 5:167-177. 

Hickman, J.C. (Ed.) The Jepson manual: Higher plants of California. Univ. 
of Calif. Press, Berkeley. 

Horng, L.C. and L.S. Leu. 1979. Control of five upland perennial weeds 
with herbicides. Proceedings 7th Asian-Pacific Weed Science Conference, 
Pp. 165-167 

Hoshovsky, M. 1987. Arundo donax. Element Stewardship Abstract. The 
Nature Conservancy, San Fransisco, Ca, 10 pp. 

Lewandowski, I., J. M.O. Scurlock, E. Lindvall and M. Christou. 2003. The 
development and current status of perennial rhizomatous grasses as energy 
crops in the US and Europe. Biomass and Bioenergy 25:335-361. 

Mackenzie, A. 2004. Giant Reed. In: The Weed Workers' Handbook. C. 
Harrington and A. Hayes (eds.) www.cal-ipc.org/file_library/19646.pdf  

Mendonca, M.: Feed-in tariffs. Accelerating the deployment of renewable 
energy. London 2007. 

http://www.ars-grin.gov/cgibin/npgs/html/taxon.pl?4439%20�
http://www.cal-ipc.org/file_library/19646.pdf�


 
 

 
7399P02/FICHT-6472615-v1  11-3 

 
 

Mendonca, M.; D. Jacobs; B.K. Sovacool: Powering the Green Economy: 
The Feed-in Tariff Handbook. London 2009 

Miles, D. H., K. Tunsuwan, V. Chittawong, U. Kokpol, M. I. Choudhary, 
and J. Clardy. 1993. Boll weevil antifeedants from Arundo donax. 
Phytochemistry 34: 1277-1279.  

Monsanto. 1989. Label for Rodeo® aquatic herbicide. Monsanto Company, 
St. Louis, MO.  

Newhouser, M., C. Cornwall and R. Dale. 1999. Arundo: A Landowner 
Handbook. Available online: 
http://teamarundo.org/education/landowner_handbook.pdf 

Papazoglou, E.G., G.a. Karantounias, S.N. Vemmos and D.L. Bouranis. 
2005. Photosynthesis and growth responses of giant reed (Arundo donax L.) 
to the heavy metals Cd and Ni. Environment International 31:243-249. 

Perdue, R. E. 1958. Arundo donax – source of musical reeds and industrial 
cellulose. Economic Botany 12: 368-404.  

Pouchet 2008]http://www.environmentalleader.com/2008/10/06/critics-say-
energy-star-standards-too-lax/ 

proSTO: Supplier training course. Lisbon 2009. 
http://www.solarordinances.eu/LinkClick.aspx?fileticket=mIDiGp2cETY%
3d&tabid=83&mid=846 Accessed August 9, 2010. 

Riffle, R. L. 1998. The Tropical Look. Timber Press, Inc., Portland, OR. 

Scott, G. 1994. Fire threat from Arundo donax. pp. 17-18 in: November 
1993 Arundo donax workshop proceedings, Jackson, N.E. P. Frandsen, S. 
Douthit (eds.). Ontario, CA.  

Specialist Group (ISSG) of the World Conservation Union, 
http://www.issg.org/database/species/ecology.asp?si=112&fr=1&sts=sss 

Stelljes, K.B. 2001. Research off the beaten path. Agricultural Research. 
Available online: 
http://www.ars.usda.gov/is/AR/archive/apr01/path0401.htm?pf=1 

Sunset 1967. Western garden book. Lane Books, Menlo Park, CA. 

TNC - Anon. 1996. Control and management of Giant reed (Arundo donax) 
and salt cedar (tamarix spp.) in waters of the United States and wetlands. 
Report by the Nature Conservancy, Southern Calif. Projects Office, to US 
Army Corps of Engineers, Los Angeles. 

Wagner, W.L., D.R. Herbst, and S.H. Sohmer. 1999. Manual of the 
Flowering Plants of Hawai'i. 2 vols. Bishop Museum Special Publication 
83, University of Hawai'i and Bishop Museum Press, Honolulu, Hawai'i. 

http://teamarundo.org/education/landowner_handbook.pdf�
http://www.environmentalleader.com/2008/10/06/critics-say-energy-star-standards-too-lax/�
http://www.environmentalleader.com/2008/10/06/critics-say-energy-star-standards-too-lax/�
http://www.solarordinances.eu/LinkClick.aspx?fileticket=mIDiGp2cETY%3d&tabid=83&mid=846�
http://www.solarordinances.eu/LinkClick.aspx?fileticket=mIDiGp2cETY%3d&tabid=83&mid=846�
http://www.issg.org/database/species/ecology.asp?si=112&fr=1&sts=sss�
http://www.ars.usda.gov/is/AR/archive/apr01/path0401.htm?pf=1�


 
 

 
7399P02/FICHT-6472615-v1  11-4 

 
 

Wijte, A.H. B. M., T. Mizutani, E.R. Motamed, M.L. Merryfield, D.E. 
Miller and D.E. Alexander. 2005. Temperature and endogenous factors 
cause seasonal patterns in rooting by stem fragments of the invasive giant 
reed, Arundo donax (Poaceae). Int. J. Plant Sci. 166(3):507-517. 

Winrock International Brazil: Windpower development toolkit. March 2004. 
http://www.winrock.org.br/media/WindPowerToolkit.pdf. Accessed March 
25, 2009. 

Zohary, M. & A.J. Willis. 1992. The vegetation of Egypt. Chapman & Hall, 
London. 

 

 
 

http://www.winrock.org.br/media/WindPowerToolkit.pdf�


 
 

 
7399P02/FICHT-6472615-v1  12-1 

 
 

12. Annexes 
 
 



 
 

 
7399P02/FICHT-6472615-v1   

 
 
 
 
 
 
 

Annex A 
Solar water heaters 

 



 

 

Collector Specification 

 

General Compliance for Quality Assurance ( specific to ICS) 

Criterion text: 

The solar water heating system shall be of the integral collector storage (ICS) type, and shall require no 
pumps, electronic or mechanical controls, or parasitic energy consumption for normal operation.  The ICS 
unit shall be a PROGRESSIVTUBE® model number _________                           manufactured by Thermal 
Conversion Technology, Inc.  The ICS unit shall be fully tested and certified by the Florida Solar Energy 
Center (FSEC) to comply with the Florida Standards Program for Solar Domestic Water Heaters (FSEC 
GP-5-80, FSEC GP-6-80, and FSEC GP-7-80).  It shall also be certified by the Solar Ratings and 
Certification Corporation (SRCC) to comply with standard SRCC OG-300.  The thermal testing shall be as 
established by the American Society of Heating, Refrigeration and Air Conditioning Engineers, Standard 
ASHRAE 95-81.  The test results shall provide the daily energy output of the unit expressed as Net 
Energy Delivered (QNET) by FSEC and Solar Energy Factor (SEF) by SRCC.  The ICS unit shall also be 
listed for compliance by the International Association of Plumbing and Mechanical Officials (IAPMO) as 
meeting the requirements of the Uniform Solar Energy Code™.  The ICS unit shall have successfully 
passed static wind load testing to 84 psf on its case, the equivalent of 180 (MPH). (289 KPH.). 

 

Case 

Criterion text: 

The dimensions of the PROGRESSIVTUBE® ICS model number                         shall be 97.4 inches in 
length,                  inches in width and 7.75 inches in height and be rated at a nominal fluid capacity of                    
U.S. gallons.  The casing shall be made of an extruded aluminum alloy, 6061 T6 or 6063 T5, and shall be 
anodized or coated with a baked on acrylic finish for increased corrosion protection.  The frame wall shall 
be reinforced and connected together by four corner brackets made from 1" x 1" x c inch extruded 
aluminum architectural angle.  The brackets shall be attached with six #64 aluminum rivets.  The casing 
backsheet shall be aluminum sheet of not less than .025 inches in thickness. 

 

Insulation 

Criterion text: 

Rigid foil faced polyisocyanurate closed cell foam board shall be used to maximize heat retention.  The 
minimum thickness of the backing board shall be 2 inches with the stabilized R-value @ 75� F mean 
temperature being no less than R-16.  The minimum thickness of the side and end boards shall be 1.5 
inches with the stabilized R-value @ 75� F mean temperature being no less than R-12. 

 

Glazing 



 

 

Criterion text: 

The outer glazing shall be tempered low-iron solar glass with a thickness of not less than c inch and have 
a minimum transmittance of 91%.  The outer glazing shall be thermally isolated from the casing by a 
continuous EPDM synthetic rubber gasket that is compressed by the extruded aluminum glazing caps to 
seal out moisture and sand.  The glazing caps shall be of the same material as the case and shall be 
attached to the case with black oxide stainless steel screws.  The inner glazing shall be FEP 100A Teflon 
film with a thickness of 1 mill and have a transmittance of 96%..  The inner glazing shall be secured to an 
aluminum roll formed frame with an EPDM synthetic rubber spline.   

 

Absorber/Storage Tank 

Criterion text: 

The ICS design combines the collector absorber plate and the storage tank into one unit.  This unit shall 
be constructed of 4.125 inch O.D. tubes manufactured entirely of copper alloy C-110 that shall meet 
ASTM specification B152.  The copper tubes shall have a cap made of the same copper material fusion 
welded on to both ends of each tube.  The thickness of the copper tubes and the copper caps is 
proprietary information.  The tubes shall be interconnected with 3/4 inch O.D. Type L copper manifold 
pipes to form a series flow pattern storage vessel.  The storage vessel shall be pressure rated at 150 psig 
working pressure and 300 psig test pressure.  All manifold pipes shall be connected to the tubes by 
brazed joints utilizing a copper phosphorous brazing alloy with no less than 5% silver content and 
conforming to AWS classification BCuP-5.  Upon assembly completion, each absorber/storage tank shall 
be pressure tested at a minimum of 160 psig for a minimum of ten minutes. 

 

Fluid Connections 

Criterion text: 

The inlet and outlet fluid connections of the absorber/storage tank shall be made of 3/4 inch O.D. Type L 
copper tubes that are joined to copper caps utilizing a copper phosphorous brazing alloy with no less than 
5% silver content and conforming to AWS classification BCuP-5.  These connections shall be sweat 
connected to the supply and return lines of the water heating system to provide leak free plumbing hook 
ups. 

 

Absorber Coating 

Criterion text: 

The absorber coating shall be a moderately selective high temperature tolerant silicone based finish with 
a minimum absorptivity of 95% and a maximum emissivity of 30%.         

 

 



 

 

Operating Indicators ( general ) 

Criterion text: 
The SWH systems shall include means for an observer to determine readily that the system is operating 
properly and providing solar heated water.  

Comments: 
This requirement impacts both the installer and the homeowner. System components used to meet this 
criterion provide the owner a means to determine that the system is working properly. In turn, these 
operating indicators can help reduce maintenance calls by providing the homeowner a better 
understanding of the system. They also serve as a diagnostic tool for service personnel. 

The installer must install the operating indicators that have been included in the manufacturer's 
installation manual and schematic. The schematic indicates where the components should be installed. 

 

Protection from Ultraviolet Radiation 

Criterion text: 
Ultraviolet radiation shall not significantly alter the performance of any component or subcomponent of 
the system.  
 

Solar Loop Isolation 

Criterion text: 
Isolation/bypass valves must be installed to allow the system owner to bypass the solar storage tank in 
the case of a two-tank system, or to shut off the cold water supply to the solar tank in a one-tank system. 
All isolation valves shall be labeled with their normal operating position indicated. 

Insulation 

Criterion text: 
All interconnecting hot water piping and the final 1.5 meters (5.0 feet) of the cold water supply pipe 
leading to the system, or the length of piping which is accessible if less than 1.5 meters, shall be insulated 
with R-0.46 oK m2/W (R-2.6 oF-ft2-hr /Btu) or greater insulation.  

All exterior piping insulation shall be protected from ultraviolet radiation and moisture damage. 

Water Shut-Off 

Criterion text: 
The SWH system shall be valved to provide for shut-off from the service water supply without interrupting 
normal cold water service to the residence. 

Fluid Safety Labeling 

Criterion text: 
Labels shall mark all drain and fill valves in the SWH system. Each label shall identify the fluid in that 
loop. The location of fluid handling instructions shall be referenced. The label shall list the heat exchanger 



 

 

type and heat transfer fluid as defined by the American Water Works Association, Cross Connection 
Control Manual. The label shall include a warning that fluid may be discharged at high temperature and/or 
pressure. The label shall contain the following warning: 
 
“No other fluid shall be used that would change the original classification of this system. Unauthorized 
alterations to this system could result in a hazardous health condition.”  

Pressure Relief 

Criterion text: 
Each portion of the system where excessive pressures can develop shall have a pressure relief device to 
ensure that no section can be valved off or otherwise isolated from a relief device. Automatic pressure 
relief devices shall be set to open at not more than maximum design pressure 

Building Penetrations 

Criterion text: 
Penetrations of the building through which piping or wiring is passed shall not reduce or impair the 
function of the enclosure. Penetrations through walls or other surfaces shall not allow intrusion by insects 
and/or vermin. Required roof penetrations shall be made in accordance with applicable codes and also by 
practices recommended by the National Roofing Contractors Association. 

Vacuum-Induced Pressure Protection 

Criterion text: 
All components of the solar energy system shall be protected against vacuum. 

Service Connections 

Criterion text: 
Suitable connections shall be provided at readily accessible locations for filling, draining and flushing 
liquid systems. 

Permanent Maintenance Accessories 

Criterion text: 
Permanent maintenance accessories such as hose bibs and drains necessary for maintenance of the 
system shall be provided. 

Piping System 

Criterion text: 
The piping system shall be provided with valves which can be closed for the purpose of isolating the solar 
hot water supply system from the auxiliary hot water heater, thereby permitting operation of the auxiliary 
hot water heater when the solar hot water system is inoperative or being serviced 

 

Operating Conditions 



 

 

Criterion text: 
Collectors, tanks, pumps, valves, regulating orifices, pressure regulators, heat exchangers, piping, hoses 
and other components shall be capable of operating within design pressures and design temperature 
ranges and withstanding environmental extremes anticipated in actual service without significantly 
reducing system design life. 

Sound and Vibration Control 

Criterion text: 
Piping and associated fittings shall be designed to carry the heat transfer fluid at design flow rates without 
excessive noise or vibration which could be annoying or induce mechanical stress levels high enough to 
cause damage. 

Pipe and Component Supports 

Criterion text: 
Hangers shall provide adequate support and correct pitch of pipes. Hangers or supports for insulated 
pipes or components shall be designed to avoid compressing or damaging the insulation material. 
 
Pumps and compressors, or other components involving moving parts, shall be balanced or mounted in 
such a manner that they do not induce excessive noise or vibration that could be annoying or cause 
damage. 

System Failure Prevention 

Criterion text: 
The control subsystem shall be so designed that, in the event of a power failure or a failure of any of the 
system components, the temperatures or pressures developed in the SWH system shall not damage the 
system, or the building, or endanger its occupants. 

Firestopping 

Criterion text: 
The SWH system components shall be assembled such that firestopping shall be possible at time of 
installation, if required by local codes and ordinances. 

Penetration Through Fire-Rated Assemblies 

Criterion text: 
Penetrations through fire-rated assemblies etc. shall not reduce the building's fire resistance required by 
local codes, ordinances and applicable standards. 

Fluid System Sizing 

Criterion text: 
Pumps, piping, fans, ducts and other components shall be sized to carry the heat transfer fluid at design 
flow rates without significant operational impairment, erosion or corrosion. Consideration should be given 
to minimizing pressure drops and vibrations. The SRCC rating will be determined for 4.9 meter (16 ft.) 
head and 7.6 meter (25 ft.) pipe runs to and from the collector array. 

Thermal Shock Protection 



 

 

Criterion text: 
The system shall be able to withstand any thermal shock caused by an electric power failure. 

Airborne Pollutants 

Criterion text: 
Solar components and materials that are exposed to airborne pollutants such as ozone, salt spray, SO2 
or NOx shall not be adversely affected by these factors to the extent that their function will be significantly 
impaired during their design life. 

Effects of Decomposition Products 

Criterion text: 
Chemical decomposition products that are expelled from solar components under in-service conditions 
shall not cause the degradation of solar components or building elements to the extent that would 
significantly impair their ability to perform their intended function over their design life. 

Solar Degradation 

Criterion text: 
Components or materials shall not be affected by exposure to sunlight to an extent that will significantly 
deteriorate their function during their design life. 
 

Incompatible Materials 

Criterion text: 
Incompatible materials shall be isolated or treated to prevent degradation to the extent that their function 
could be significantly impaired under in-service conditions.  

Protection from Leaks 

Criterion text: 
All potable water sections of a solar water heating system shall not leak when tested in accordance with 
the codes in force at the installation site 

Deterioration of Fluids 

Criterion text: 
Except when allowed by the system design, fluids shall not freeze, give rise to excessive precipitation or 
otherwise lose their homogeneity, boil or develop excessive vapor pressure, change absorptivity, or 
change pH, viscosity or thermal properties beyond design ranges when exposed to their maximum and 
minimum service temperatures and pressures during their design life. 

Buried Components 

Criterion text: 
Solar components and materials that are intended to be buried in soils shall be protected from 
degradation under in-service conditions to insure that their function shall not be impaired. 

Underground Piping 



 

 

Criterion text: 
Underground piping subject to vehicular traffic shall be installed to withstand the additional loading 
applied by this traffic. The trenches and backfill shall be free of sharp objects in contact with the pipe. 

Water Hammer 

Criterion text: 
When a liquid is used as the transfer fluid and quick-closing valves are employed in the design, the piping 
system shall be able to control or withstand the effects of water hammer. 

Protection From Thermal Deterioration 

Criterion text: 
Building materials adjacent to solar equipment shall not be exposed to elevated temperatures which could 
accelerate their deterioration. Many non-metal roofing materials will soften in the temperature range of 60 
- 80 degrees C (140-180 degrees F) and begin to degrade above this temperature. 

Heated Components 

Criterion text: 
System subassemblies which are exposed to public traffic and are maintained at elevated temperatures 
shall either be insulated sufficiently to keep exposed surface temperatures below 60 degrees C (140 
degrees F) during operation, or they shall be suitably isolated. Any other exposed areas that are 
maintained at hazardous temperatures shall be identified with appropriate warnings. 

Space Use 

Criterion text: 
Solar components should not reduce or increase humidity, temperature or thermal radiation beyond 
acceptable levels or interfere with required headroom or air circulation space. 

Emergency Egress and Access 

Criterion text: 
The design and installation of systems shall not impair emergency movement of the building occupants. 

Accessibility 

Criterion text: 
The location of the solar components should not impair accessibility needed to maintain the building or 
site. 

Maintenance and Servicing 

Criterion text: 
All individual components of the system which may require periodic examination, adjustment, service 
and/or maintenance shall be easily and safely accessible by the owner and in accordance with the codes 
in force at the installation site. Individual collectors in any array shall be replaceable or repairable without 
disturbing any other collector in the array. 

Protection from Foreign Substances 



 

 

Criterion text: 
The entire heat transport system shall be protected to prevent contamination by foreign substances that 
could impair the flow and quality of the heat transfer fluid beyond acceptable limits. 

Auxiliary Water Heating Equipment 

Criterion text: 
A backup system shall be provided such that the combined system will provide the same degree of 
reliability and performance as a conventional system. 

Auxiliary (non solar) water heating equipment shall be compatible with the solar system heat output, 
temperatures, flow rates and fluid types. Auxiliary equipment shall be listed and labeled by a recognized 
third party listing agency.  

Stagnation 

Criterion text: 
The system shall be able to withstand prolonged periods of stagnation (high solar flux, no hot water 
demand) without significant system deterioration and with no maintenance. This includes conditions 
during loss of electric power to the system. 

Water Damage 

Criterion text: 
Collectors and support shall be installed in such a manner that water flowing off the collector surface will 
not damage the building or cause premature erosion of the roof. Water tanks located in or above the 
living space shall be installed on a drip pan with a drain line to a waste line or outside or have other 
means to safely remove any excess liquid.  
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Annex B 
Solar power generation 
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Annex C 
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Gr. Bahamas - long row south coast

Wind farm project: 34 MW
Mean wind speed in hub height 5,8 m/s (Used in HP-calculator)
Weibull k-value 2,5 Correction Base
Air density 1,225 1,00           1,225
WTG type 1 Pitch, 2 gen/var.
Number of WTGs 40 #
Turbine size MW 0,85 MW rotor area: 2.124         
Turbine size rotor diameter 52 m Hub addition Base:
Turbine size hub height 49 m -31 80
Turbine total height 75 m
Array losses 9% Spec. Power 400           
Other losses/uncertainty 7% Cost factor 1,20          

per WTG Wind farm Offshore facto 1
Expected production, Gross 1.457          53.038         MWh/y Years
Expected production, Net 1.233          49.325         MWh/y 15
BUDGET k€ mio € €/kW Percent
Turbine costs, installed *) 893             35,7            1.051         79,9%
Foundations 42,5 1,7              50 3,8%
Road/other civil work 12,75 0,5              15 1,1%
Grid connection (main) 85 3,4              100 7,6%
Electric work/local grid 21,25 0,9              25 1,9%
Land cost 8,5 0,3              10 0,8%
Project. Development 25,5 1,0              30 2,3%
Duty and taxes 0 -              0 0,0%
Diverse (Spare parts, tools, training 17 0,7              20 1,5%
Interests during construction 12,75 0,5              15 1,1%
Total costs 1.118          44,7            1.316         100%  

 

Gr. Bahamas - Island near Port

Wind farm project: 54,4 MW
Mean wind speed in hub height 5,6 m/s (Used in HP-calculator)
Weibull k-value 2,5 Correction Base
Air density 1,225 1,00           1,225
WTG type 1 Pitch, 2 gen/var.
Number of WTGs 64 #
Turbine size MW 0,85 MW rotor area: 2.124         
Turbine size rotor diameter 52 m Hub addition Base:
Turbine size hub height 55 m -25 80
Turbine total height 81 m
Array losses 10% Spec. Power 400           
Other losses/uncertainty 7% Cost factor 1,20          

per WTG Wind farm Offshore facto 1
Expected production, Gross 1.301          74.925         MWh/y Years
Expected production, Net 1.089          69.680         MWh/y 15
BUDGET k€ mio € €/kW Percent
Turbine costs, installed *) 917             58,7            1.079         83,4%
Foundations 42,5 2,7              50 3,9%
Road/other civil work 12,75 0,8              15 1,2%
Grid connection (main) 42,5 2,7              50 3,9%
Electric work/local grid 21,25 1,4              25 1,9%
Land cost 8,5 0,5              10 0,8%
Project. Development 25,5 1,6              30 2,3%
Duty and taxes 0 -              0 0,0%
Diverse (Spare parts, tools, training 17 1,1              20 1,5%
Interests during construction 12,75 0,8              15 1,2%
Total costs 1.100          70,4            1.294         100%  
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New Providence -  south of Airport

Wind farm project: 45 MW
Mean wind speed in hub height 5,5 m/s (Used in HP-calculator)
Weibull k-value 2,5 Correction Base
Air density 1,225 0,82           1,225
WTG type 1 Pitch, 2 gen/var.
Number of WTGs 30 #
Turbine size MW 1,5 MW rotor area: 4.657         
Turbine size rotor diameter 77 m Hub addition Base:
Turbine size hub height 80 m 0 80
Turbine total height 118,5 m
Array losses 21% Spec. Power 322           
Other losses/uncertainty 7% Cost factor 1,00          

per WTG Wind farm Offshore facto 1
Expected production, Gross 2.237          53.017         MWh/y Years
Expected production, Net 1.644          49.306         MWh/y 15
BUDGET k€ mio € €/kW Percent
Turbine costs, installed *) 1.863          55,9            1.242         82,4%
Foundations 75 2,3              50 3,3%
Road/other civil work 22,5 0,7              15 1,0%
Grid connection (main) 150 4,5              100 6,6%
Electric work/local grid 37,5 1,1              25 1,7%
Land cost 15 0,5              10 0,7%
Project. Development 45 1,4              30 2,0%
Duty and taxes 0 -              0 0,0%
Diverse (Spare parts, tools, training 30 0,9              20 1,3%
Interests during construction 22,5 0,7              15 1,0%
Total costs 2.260          67,8            1.507         100%  

 



 
 

 
7399P02/FICHT-6472615-v1   

New Providence -  south of Island

Wind farm project: 96 MW
Mean wind speed in hub height 6,6 m/s (Used in HP-calculator)
Weibull k-value 2,5 Correction Base
Air density 1,225 0,94           1,225
WTG type 1 Pitch, 2 gen/var.
Number of WTGs 64 #
Turbine size MW 1,5 MW rotor area: 4.657         
Turbine size rotor diameter 77 m Hub addition Base:
Turbine size hub height 70 m -10 80
Turbine total height 108,5 m
Array losses 16% Spec. Power 322           
Other losses/uncertainty 7% Cost factor 1,25          

per WTG Wind farm Offshore facto 1
Expected production, Gross 4.011          215.625       MWh/y Years
Expected production, Net 3.133          200.531       MWh/y 15
BUDGET k€ mio € €/kW Percent
Turbine costs, installed *) 2.235          143,1          1.490         63,7%
Foundations 525 33,6            350 15,0%
Road/other civil work 150 9,6              100 4,3%
Grid connection (main) 450 28,8            300 12,8%
Electric work/local grid 37,5 2,4              25 1,1%
Land cost 15 1,0              10 0,4%
Project. Development 45 2,9              30 1,3%
Duty and taxes 0 -              0 0,0%
Diverse (Spare parts, tools, training 30 1,9              20 0,9%
Interests during construction 22,5 1,4              15 0,6%
Total costs 3.510          224,7          2.340         100%  
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Annex C-2 
Map of wind power potential  
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ANNEXE – Ocean 
 
Wave Data 
 
 

Figure A1. Scatter Diagram for P1 
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Figure A2. Scatter Diagram for P2 
 

Figure A3. Scatter Diagram for P3 
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Figure A4. Scatter Diagram for P4 

Figure A5. Scatter Diagram for P5 
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Figure A6. Scatter Diagram for P6 

Figure A7. Scatter Diagram for P7 
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Figure A8 Scatter Diagram for P8 

Figure A9. Scatter Diagram for P9 
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Figure A10. Scatter Diagram for P10 
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Ocean Temperature Data 
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14th April 2002 
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18th April 2007 
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6th May 2002 
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19th June 2003 
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20th July 2002 
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1st August 2002 
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16th Aug 2007 
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3rd September 2002 
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30th September 2003 
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17th October 2007 
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7th November 2003 
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11th December 2007 
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Annex F-1 
Example of a Net Metering 
Connection Agreement  
(Source: Hydro One Networks Inc.) 



In consideration of Hydro One Networks Inc. (“Hydro One”) agreeing to allow you to connect your 50 kW or smaller
generation facility to Hydro One’s distribution system, Hydro One requests that you understand and accept the following
terms and conditions:

1.0 Eligibility     
1.1 Your generation facility must employ a renewable energy technology (“RET”), as RET is defined by Ontario’s 

Ministry of Energy.
1.2 You agree that your generation connection shall also be bound by the terms and conditions of Hydro One’s 

Conditions of Service, which have been filed with the Ontario Energy Board (“OEB”).

2.0 Technical Requirements     
2.1  You agree to have special transfer and isolating capabilities installed on your generation facility if you wish to run 

it during a Hydro One power outage. You also agree that your generating facility must be disconnected from 
Hydro One’s distribution system during such an outage.

2.3  You have installed an isolation device satisfying Section 84 of the Ontario Electrical Safety Code and agree to 
Hydro One’s staff operation of this as required for the maintenance and repair of the electrical system.

2.4 You agree to regular scheduled maintenance to your generation facility in order to assure that connection devices, 
protection systems, and control systems are maintained in good working order and in compliance with all applicable
laws, statutes, codes, licensing requirements, directives, rules, regulations, protocols, policies, orders, injunctions, 
rulings, awards, judgments or decrees or any requirement or decision or agreement with or by any government or 
government department, commission, board, court authority or agency.

3.0 Liabilities
3.1 You covenant and agree that the design, installation, maintenance, and operation of your generation facility are 

conducted in a manner that ensures the safety and security of both the generation facility and Hydro One’s 
distribution system.  This includes, but is not limited to, automatic disconnection of the generation facility from 
Hydro One’s distribution system, as per Hydro One’s generator protective relay settings, in the event there is a 
Hydro One power outage or any abnormal operation of Hydro One’s distribution system. You acknowledge and 
agree that the protective relay settings of your generator are as specified in the attached brochure, which you have 
received together with this Agreement.

3.2 You acknowledge and agree that in the event Hydro One, in its sole discretion, determines that your generation 
facility damages and/or is producing adverse effects on other Hydro One customers or on Hydro One assets, you 
will disconnect your generation facility immediately from Hydro One’s distribution system and correct the problem 
at your own expense and you will indemnify and save harmless Hydro One for all of the damages and/or adverse 
effects caused by the connection of your generation facility to Hydro one’s distribution system. 

4.0 Compensation and Billing
4.1 You agree that Hydro One will not pay you for any excess generation that results in a net delivery of energy 

to Hydro One over a meter read period or billing period (whichever is greater).  
4.2 You acknowledge and agree that there will be no carryover of excess generation from one billing period to the next.
4.3 You agree to be billed monthly if your generation facility rating is above 10 kW and you also agree that 

Hydro One may use your phone line to access your meter for billing purposes. 

5.0 Future Charges
5.1 You agree to pay, if required, any current or future charges or tariffs with respect to your connection to 

Hydro One’s distribution system, as approved by the OEB.

6.0 Termination
6.1 You acknowledge that Hydro One reserves the right to terminate this Agreement and to disconnect your 

generation facility at any time if Hydro One discontinues the Net Metering program.

Hydro One Networks Inc.

Net Metering Connection Agreement



I understand, accept and agree to comply with and be bound by the above terms and conditions governing the
connection of my generation facility to Hydro One’s distribution system.

Customer Signature:   Date:
Print name and Hydro One account number: 
I confirm that the following information is true and accurate: 
Nameplate rating of Generator:  KW Total installed generation  KW
Type:   Wind Turbine Photovoltaic (Solar) Hydraulic Turbine
Inverter Utilized: Yes           No
Inverter Certification: CSA C22.2 # 107.1           UL 1741 Site Certified by the ESA

Generator Protective Relay Settings

Table 1 – Inverter Based Generation
The following relay settings shall be used for inverters built to the CSA standard:

Source: CSA C22.2 No. 107.1-01 Table 16

* The UL1741 & IEEE P1547 Standards use F < rated-0.7 i.e. 59.3 Hz.  
To update if CSA C22.2 No. 107.1-01 is changed

Table 2 – Generation Other Than That Covered by Table 1
Hydro One’s minimum requirements for other generation are as follows:

*Clearing time is the time between the start of the abnormal condition and the 
generation ceasing to energize the Hydro One distribution system

• If you are uncertain about your generation equipment’s protective relay settings, 
please check with your generating equipment supplier. 

• Automatic reconnect setting time for your generator is after 5 minutes of normal 
voltage and frequency on the Hydro One distribution system

For office use:  Station                                    Feeder                               Date Connected

Meter: Dual Register                                    Interval

System Voltage Frequency Maximum number of  
Vn = V nominal F (Hertz) cycles to disconnect

V (Volts) Seconds Cycle

V < 0.5 Vn 60 0.1 6
0.5 Vn ≤ V < 0.88 Vn 60 2 120
1.10 Vn ≤ V <1.37 Vn 60 2 120
V ≥ 1.37 Vn 60 0.033 2
Vn F < 59.5* 0.1 6
Vn F > 60.5 0.1 6

System Voltage Frequency Maximum clearing  
Vn = V nominal F (Hertz) time*

V (Volts) Seconds Cycle

V < 0.5 Vn 60 0.16 9.6
0.5 Vn ≤ V < 0.88 Vn 60 2 120
1.10 Vn ≤ V <1.20 Vn 60 1 60
V ≥ 1.20 Vn 60 0.16 9.6
Vn F < 59.3 0.16 9.6
Vn F > 60.5 0.16 9.6



 
 

 
7399P02/FICHT-6472615-v1   

 
 
 
 
 
 
 

Annex F-2 
Model Power Purchase 
Agreement Example of a Net  
(Source: Winrock International 2004: 
Windpower development toolkit) 



Wind Power Toolkit 

Global Energy Concepts, LLC D-i March 2004 

Appendix D: Model Power Purchase Agreement 

This appendix contains a model Power Purchase Agreement (PPA). It is based on a recent PPA 
for a wind power project in the United States in which a private company owns the wind power 
project and an electric utility company buys the power. Language which would identify the 
project has been deleted. 
 
Many issues are common to any PPA, such as price, term of agreement (years), and how 
payments are to be made.  
 
However, often there are issues which are unique to a particular project that get included in a 
PPA. For example, some of the language in the model PPA concerns the Production Tax Credit 
(PTC) and whether all of the project’s wind turbines would be installed before the PTC expires at 
the end of 2003. The PTC is an important factor in wind power economics in the United States, 
and at the time the PPA was written, it was uncertain when or how the PTC would be renewed 
past 2003. While issues related to the PTC may not be of concern to projects outside the United 
States, the PTC language has been left in the model PPA to provide an example of how this 
specific issue was handled in the PPA. There may be other factors unique to other projects which 
can use the PTC language in the model PPA as an example of how to handle uncertainties at the 
time the PPA is written. 
 
This model PPA is presented as an example only. Readers are urged to consult their own legal 
counsel to ensure that their objectives will be achieved and their legal interests will be protected 
before entering into any binding agreement. 
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[Project Name] 
 
 
 
 

POWER PURCHASE AGREEMENT  
 
 
 

Between 
 
 

[Buyer Name] 
 
 

as Buyer 
 
 

and 
 
 

[Seller Name] 
 

 
as Seller 

 
 
 

Dated as of ______________, 2003
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POWER PURCHASE AGREEMENT 
 
 
 This POWER PURCHASE AGREEMENT (this “Agreement”) is made as of this [ ____ ] 
day of [ _____________ ], 2003, by and between [Buyer Name], a [corporation / limited liability 
company / individual / etc.] (“Buyer”) and [Seller Name], a [corporation / limited liability 
company / individual / etc.] (“Seller”). Buyer and Seller are each individually referred to herein 
as a “Party” and collectively as the “Parties.” 
 

W I T N E S S E T H: 
 
  WHEREAS, Seller intends to develop, on a site or sites located 
[ __________________ ], a wind power electrical generation facility having an initial aggregate 
nameplate capacity of approximately [ _____ ] MW;  
 
  WHEREAS, Seller desires to sell, and Buyer desires to purchase and receive, 
electric energy at wholesale from the Wind Project (as defined hereinafter), on all the terms and 
conditions set forth herein; and 
  
  WHEREAS, Buyer is a public utility / power engaged in the generation, supply, 
transmission, distribution and retail and wholesale of electric power and energy in [ ________ ].  
 

NOW, THEREFORE, the Parties hereto, for good and sufficient consideration, 
the receipt of which is hereby acknowledged, intending to be legally bound, do hereby agree as 
follows: 

ARTICLE 1 
DEFINITIONS 

1.1  Definitions.  
Unless otherwise required by the context in which any term appears: (i) capitalized terms used in 
this Agreement shall have the meanings specified in this Article 1; (ii) the singular shall include 
the plural and vice versa; (iii) references to “Articles,” “Sections,” “Schedules,” “Annexes,” 
“Appendices” or “Exhibits” (if any) shall be to articles, sections, schedules, annexes, appendices 
or exhibits hereof; (iv) all references to a particular entity shall include a reference to such 
entity’s successors and permitted assigns; (v) the words “herein,” “hereof” and “hereunder” shall 
refer to this Agreement as a whole and not to any particular section or subsection hereof; (vi) all 
accounting terms not specifically defined herein shall be construed in accordance with generally 
accepted accounting principles in the United States of America, consistently applied; 
(vii) references to this Agreement shall include a reference to all appendices, annexes, schedules 
and exhibits hereto, as the same may be amended, modified, supplemented or replaced from time 
to time; and (viii) the masculine shall include the feminine and neuter and vice versa. The Parties 
collectively have prepared this Agreement, and none of the provisions hereof shall be construed 
against one Party on the ground that such Party is the author of this Agreement or any part 
hereof. 
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“Affiliate” shall mean, with respect to any Person, (i) each Person that directly or 
indirectly, controls or is controlled by or is under common control with such designated 
Person; (ii) any Person that beneficially owns or holds ten percent (10%) or more of any 
class or voting securities of such designated Person or ten percent (10%) or more of the 
equity interest in such designated Person; or (iii) any Person of which such designated 
Person beneficially owns or holds ten percent (10%) or more of the equity interest. For 
the purposes of this definition, “control” (including, with correlative meanings, the terms 
“controlled by” and “under common control with”), as used with respect to any Person, 
shall mean the possession, directly or indirectly, of the power to direct or cause the 
direction of the management and policies of such Person, whether through the ownership 
of voting securities or by contract or otherwise. 
 
“After-Tax Basis” shall mean, with respect to any payment received or deemed to have 
been received by any Party, the amount of such payment (the “Base Payment”) 
supplemented by a further payment (the “Additional Payment”) to such Party so that the 
sum of the Base Payment plus the Additional Payment shall, after deduction of the 
amount of all taxes required to be paid by such Party in respect of the receipt or accrual 
of the Base Payment and the Additional Payment (taking into account any current or 
previous credits or deductions arising from the underlying event giving rise to the 
payment, the Base Payment and the Additional Payment), be equal to the amount 
required to be received. Such calculations shall be made on the assumption that the 
recipient is subject to Federal income taxation at the highest applicable statutory rate 
applicable to corporations for the relevant period or periods, is subject to state and local 
income taxation at the highest applicable statutory rates applicable to corporations doing 
business in [ __________________ ] and shall take into account the deductibility (for 
Federal income tax purposes) of state and local income taxes. 
 
“Alternates” shall have the meaning set forth in Section 2.10. 
 
“Applicable Law” shall mean, with respect to any Party, all laws, statutes, codes, acts, 
treaties, ordinances, orders, judgments, writs, decrees, injunctions, rules, regulations, 
governmental approvals, licenses and permits, directives and requirements of all 
regulatory and other governmental authorities, in each case applicable to or binding upon 
such Party or, in the case of Seller, the Wind Project. 
 
“Authorized Representative” shall have the meaning set forth in Section 2.10. 
 
“Base Contract Rate” shall have the meaning set forth in Section 2.2. 

 
“Business Day” shall mean every Day other than a Saturday, Sunday or any Day on 
which banks in [ ________________ ] are permitted or required to remain closed. 

 
“Commercial Operation Date” shall mean the date on which all of the Turbines in the 
Wind Project are put into operation in compliance with this Agreement, as such date is 
designated by Seller by written notice given to Buyer; provided, however, that testing of 
Turbines in accordance with the Turbine manufacturer’s recommendations under various 
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wind conditions which is not performed prior to the Commercial Operation Date will not 
delay the Commercial Operation Date. 

 
“Contract Year” shall mean the Days from January 1 through December 31, inclusive, of 
any given year. The first Contract Year shall commence on the first January 1 occurring 
after the Commercial Operation Date. 
 
“Contract Energy Amount” shall mean [ _____________ ] kWh per Contract Year. 

 
“Construction Commencement Date” shall mean the Day that the concrete of the first 
foundation will be poured on which a wind turbine tower forming part of the Wind 
Project shall be erected. 
 
“Day” shall mean a period of 24 consecutive hours beginning at 00:00 hours [ time 
zone ] on any calendar day and ending at 24:00 hours [ time zone ] on the same calendar 
day. 
 
“Delivery Point” shall mean the point, more specifically described in Exhibit B, where 
Seller’s Interconnection Facilities connect to the Transmission Provider’s Transmission 
Facilities. 
 
“Disclosing Party” shall have the meaning set forth in Section 8.1. 
 
“Energy” is a term used to represent electrical energy generated by the Wind Project.  
 
“Event of Default” shall have the meaning set forth in Section 3.6.  

 
 “Extension Enactment” shall mean the enactment of legislation by the United States of 
America having the effect of extending the date beyond December 31, 2003, by which 
electric generation projects must be placed in service in order to be eligible to receive 
production tax credits under Internal Revenue Code Section 45. 

 
“EWG” shall mean an “exempt wholesale generator” as defined in the Public Utility 
Holding Company Act of 1935, as amended, and the regulations promulgated thereunder.  
 
“Force Majeure Event” shall mean an event which wholly or partly prevents or delays 
the performance of any obligation arising under this Agreement, but only if and to the 
extent (i) such event is not within the reasonable control, directly or indirectly, of the 
Party affected, (ii) such event, despite the exercise of reasonable diligence, cannot be or 
be caused to be prevented, avoided or removed by such Party, (iii) the Party affected has 
taken all reasonable precautions and measures in order to avoid the effect of such event 
on such Party’s ability to perform its obligations under this Agreement and to mitigate the 
consequences thereof, (iv) such event is not the direct or indirect result of a Party’s 
negligence or the failure of such Party to perform any of its obligations under this 
Agreement, and (v) such event is within one or more of the following categories: (a) acts 
of God or the public enemy, terrorism, war, whether declared or not, blockade, 
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insurrection, riot, civil disturbance, public disorders, rebellion, violent demonstrations, 
revolution, or sabotage; (b) any effect of unusual natural elements, including fire, 
subsidence, earthquakes, floods, lightning, tornadoes, unusually severe storms, or similar 
cataclysmic occurrence or other unusual natural calamities; (c) environmental and other 
contamination at or affecting the Wind Project; (d) explosion, accident or epidemic; (e) 
governmental action or inaction, (f) general strikes, lockouts or other collective or 
industrial action by workers or employees, or other labor difficulties; (g) the breakdown 
of the Wind Project or other plant breakdown or equipment failure; (h) accidents of 
navigation, perils at sea or breakdown or injury of vessels, accidents to harbors, docks, 
canals or other assistance to or adjuncts of shipping or navigation, or quarantine; (i) air 
crash, shipwreck or train wrecks; and (j) the existence or effect of a condition described 
in (a), (b), (d), (e), (f) or (i) that results in or causes the Transmission Provider’s 
Transmission Facilities or the Transmission Provider’s Transmission System to be 
unavailable or limited with respect to the transmission of Energy; provided, however, that 
neither the lack of money nor changes in market conditions, including, without limitation, 
Buyer’s inability to sell, market or re-market Energy, whether at retail, wholesale, or 
otherwise, shall constitute Force Majeure.  
 
“Forecasting Agreement” shall have the meaning set forth in Section 8.21. 

 
“Forced Outage” shall mean an unplanned component failure or other condition that 
requires the Wind Project or Seller’s Interconnection Facilities (or substantial portion 
thereof) to be removed from service immediately. 
 
“Government Agency” shall mean any federal, state, local, territorial, tribal or municipal 
government and any department, commission, board, bureau, agency, instrumentality, 
judicial or administrative body thereof having jurisdiction over the Wind Project, Buyer 
or Seller, as the case may be. 

“Information” shall have the meaning set forth in Section 8.1. 
 
“Initial Rate” shall have the meaning set forth in Section 2.2. 
 
“Interconnection Agreement” shall mean the mutually agreed interconnection agreement 
between the Transmission Provider and Seller pursuant to which Seller’s Interconnection 
Facilities and the Transmission Provider’s Interconnection Facilities will be constructed 
and operated and maintained during the term of the Agreement. 
 
“Kilowatt-hours” or “kWh” shall mean a unit of Energy equal to one kilowatt of power 
supplied or taken from an electric circuit for one hour. 
 
“Lender” or “Lenders” shall mean any and all Persons or successors in interest thereof 
lending money or extending credit as follows: (i) for the construction, term or permanent 
financing of the Wind Project; (ii) for working capital or other ordinary business 
requirements of the Wind Project (including the maintenance, repair, replacement or 
improvement of the Wind Project); (iii) for any development financing, bridge financing, 
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credit support, credit enhancement or interest rate protection in connection with the Wind 
Project; or (iv) for the purchase of the Wind Project and the related rights from Seller. 

 
“Maintenance Outage” shall mean the removal of the Wind Project or Seller’s 
Interconnection Facilities (or substantial portion thereof) from service to perform work 
on specific components that can be deferred, but which nevertheless requires the Wind 
Project to be removed from service before the next Planned Outage. Maintenance 
Outages may occur any time during the year, have flexible start dates, and may or may 
not have predetermined durations. 
 
“Maximum Hourly Energy Delivered” shall mean [ ___ ] MW. 
 
“Meter” shall mean an instrument or instruments meeting applicable electric industry 
standards used to measure and record the volume and other required delivery 
characteristics of electrical energy delivered hereunder. 
 
“MW” shall mean megawatt. 

 
“Network Upgrades” shall mean additions, modifications and upgrades to the 
Transmission Provider’s Transmission System beyond the Delivery Point to 
accommodate the interconnection of the Project to the Transmission Provider’s 
Transmission System as my be further defined in the Interconnection Agreement. 
 
“Operating Procedures” shall have the meaning set forth in Section 2.10 hereof. 
 
“Parent Guarantor” shall mean [ _______________ ]. 
 
“Partial Commercial Operation Date” shall mean the Day following the date on which 
the Seller’s interconnection facilities and the Transmission Provider’s Transmission 
Facilities are installed and tested, and one (1) or more of the Turbines in the Wind Project 
are able to reliably produce and deliver Energy to the Delivery Point. 
 
“Party” shall have the meaning set forth in the first paragraph of this Agreement. 
 
“Person” shall mean an individual, partnership, corporation, business trust, joint stock 
company, trust, unincorporated association, joint venture, governmental authority, limited 
liability company or any other entity of whatever nature. 
 
“Planned Outage” shall mean the removal of all or a substantial portion of the Wind 
Project or Seller’s Interconnection Facilities from service to perform repairs that are 
scheduled in advance and have a predetermined duration such that the aggregate portion 
of Total Capacity that is unavailable for production of Energy as the result thereof is 
equal to or in excess of ten percent (10%) of the Total Capacity. 
 
“Post December 31, 2003, Turbines” shall have the meaning set forth in Section 2.2. 
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“Prime Rate” shall mean the interest rate (sometimes referred to as the “base rate”) for 
large commercial loans to creditworthy entities announced from time to time by Citibank, 
N.A. (New York), or its successor bank, or, if such rate is not announced, the rate 
published in The Wall Street Journal as the “Prime Rate” from time to time (or, if more 
than one rate is published, the arithmetic average of such rates), in either case determined 
as of the date the obligation to pay interest arises, but in no event more than the 
maximum rate permitted by Applicable Law. 

 
“Prudent Operating Practices” shall mean the practices, methods and standards of 
professional care, skill and diligence engaged in or approved by a significant portion of 
the electric generation industry for facilities in the United States of similar size, type, and 
design that, at a particular time, in the exercise of reasonable judgment, in light of the 
facts known at such time, would have been expected to accomplish results consistent with 
law, regulation, reliability, safety, environmental protection, applicable codes, and 
standards of economy and expedition. 
  
“Purchased Energy” shall have the meaning set forth in Section 2.1 of this Agreement. 
 
“Buyer Parent Guarantee” shall mean the Guarantee of the Parent Guarantor, dated as 
of the date of execution of this Agreement in the form set forth in Exhibit D hereto. 
 
“Buyer’s Transmission Service” shall mean Buyer’s transmission service rights over the 
[ _____ ] kV line that connects the [ ___________ ] Station with the [ __________ ] 
Station. 

 
“Receiving Party” shall have the meaning set forth in Section 8.1. 
 
“Requested Maximum Operating Level” shall have the meaning set forth in Section 2.7 
(b). 
 
“Seller’s Interconnection Facilities” shall mean the interconnection facilities, control 
and protective devices and metering facilities required to connect the Wind Project with 
the Transmission Provider’s Transmission System in order to effectuate the purposes of 
this Agreement up to, and on the Seller’s side of, the Delivery Point. 
 
“Shortfall Amount” shall mean for any Contract Year, the amount that the Purchased 
Energy plus the amount of Purchased Energy that would have been delivered to Buyer 
hereunder but for curtailments arising under Section 2.7 hereof is less than the Contract 
Energy Amount for such Contract Year. 
 
“Site” shall mean the real property located in [ _____________ ] on which the Wind 
Project is or will be located, as such property is generally described in Exhibit C attached 
hereto. 
 
“Tariff” shall mean the Buyer’s Open Access Transmission Tariff, dated _______. 
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“Term” shall have the meaning set forth in Section 3.3 of this Agreement. 
 
“Total Capacity” shall mean: (i) prior to the Commercial Operation Date, the aggregate 
nameplate capacity of all Turbines that Seller expects to install in the Wind Project prior 
to the Commercial Operation Date, as set forth in a written notice from Seller to Buyer on 
or prior to the date that Seller delivers to Buyer its initial statement for Purchased Energy 
pursuant to Section 2.4 and (ii) on and after the Commercial Operation Date, at the time 
of any determination thereof, the aggregate nameplate capacity of all Turbines that have 
been installed in the Wind Project, in each case expressed in kilowatts; provided, 
however, that Seller shall not deliver more than [ ____ ] MWh of Energy under this 
Agreement in any single hourly period during the Term. 
 
“Transmission Credit” shall mean any transmission credit, transmission right, fixed right 
or similar benefit required by the Tariff or any Applicable Law to be provided to Seller as 
compensation for the costs of Network Upgrades. 
 
“Transmission Provider” shall mean [ ______________ ] or any successor to the 
Transmission Provider’s Transmission System. 
 
“Transmission Provider’s Interconnection Facilities” shall mean the interconnection 
facilities, control and protective devices and metering facilities required to connect the 
Transmission Provider’s Transmission System with the Wind Project up to, and on the 
Transmission Provider’s side of, the Delivery Point. 
 
“Transmission Provider’s Transmission System” shall mean the facilities for the 
transmission of Energy from the Wind Project’s Delivery Point to Buyer’s retail electric 
distribution system or to Buyer’s wholesale customers, as the case may be. 
 
“Turbine” shall mean a single wind turbine generating system, including the tower, pad, 
transformer and controller system. 
 
“Wind Project” is all of Seller’s proposed electrical plant and equipment used to generate 
electricity utilizing renewable wind power located at the Site, including Seller’s 
Interconnection Facilities, and further described in Exhibit A, and any and all additions, 
replacements or modifications. 
 

ARTICLE 2 
SALE AND PURCHASE OF ENERGY 

2.1 Purchase and Sale.  
In accordance with the terms and conditions hereof, and subject expressly to the provisions of 
Section 2.3 hereof, commencing on the Partial Commercial Operation Date and continuing 
throughout the Term hereof, Seller agrees to sell and deliver to Buyer and Buyer shall purchase 
and accept from the Seller at the Delivery Point the Energy produced by the Wind Project and 
delivered to the Delivery Point; provided, however, that Seller shall not deliver more than [ __ ] 
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MWh of Energy under this Agreement in any single hourly period during the Term (the 
“Purchased Energy”).  

2.2 Purchase Price.  
Seller will sell and Buyer will purchase Purchased Energy pursuant to the terms of this 
Agreement (i) during the period commencing on the Partial Commercial Operation Date through 
the date on which Turbines having an aggregate nameplate capacity equal to fifty percent (50%) 
of the Total Capacity are installed and producing Energy at the rate of [ _______________ ] 
($_____) per kWh (such rate, the “Initial Rate”) and (ii) commencing on the Day after the date 
on which Turbines having an aggregate nameplate capacity equal to fifty percent (50%) of the 
Total Capacity are installed and producing Energy and continuing thereafter during the 
remainder of the Term at the rate of [ _______ ] ($_____) per kWh (the “Base Contract Rate”) 
(plus any additional amount required pursuant to the concluding paragraph of this Section 2.2).  
 
Notwithstanding the foregoing, the Parties agree that December 31, 2003, is the date on which 
electric generation projects must be placed in service in order to be eligible to receive production 
tax credits under Internal Revenue Code Section 45. The Parties hereby agree to cooperate to 
ensure that all of the Turbines in the Wind Project are placed in service on or before December 
31, 2003. In the event that less than one hundred percent (100%) of the Turbines in the Wind 
Project are placed in service by December 31, 2003, Buyer shall purchase and Seller shall sell an 
amount of Energy equal to one hundred percent (100%) of the Energy produced by those 
Turbines which are placed in service by December 31, 2003, at the Base Contract Rate or the 
Initial Rate, as the case may be, (plus any additional amount required pursuant to the concluding 
paragraph of this Section 2.2). Seller shall have no obligation to install Post December 31, 2003, 
Turbines at the Wind Project. 
 
Further in the event that less than one hundred percent (100%) of the Turbines in the Wind 
Project are placed in service by December 31, 2003, as aforesaid, and Seller plans to install Post 
December 31, 2003, Turbines within sixty (60) Days thereafter, Seller will offer in writing to sell 
to Buyer one hundred percent (100%) of the Energy from the Turbines in the Wind Project that 
are not placed in service by December 31, 2003, but which are placed in service at the Wind 
Project on or before a date subsequent to December 31, 2003 (“Post December 31, 2003, 
Turbines”) as may be mutually agreed by the Parties under the following terms:  
 

(i) in the case of Post December 31, 2003, Turbines where no Extension Enactment has 
occurred, at a commercially reasonable price established by the Seller (plus any additional 
amount required pursuant to the concluding paragraph of this Section 2.2). Buyer shall accept or 
decline such offer in writing within thirty (30) Days of receipt of the offer. If Buyer has not 
accepted such offer within thirty (30) Days, Seller may offer to sell the one hundred percent 
(100%) of the Energy from such Post December 31, 2003, Turbines to third parties; provided, 
however, that Seller shall not offer to sell such Energy to third parties at any time during the 
ninety (90) Day period next following the end of the thirty (30) Days referenced in the preceding 
clause at a price which is more favorable to such third party than the price offered to Buyer under 
this subparagraph; and 

 
(ii) in the case of Post December 31, 2003, Turbines where an Extension Enactment has 

occurred, at the Base Contract Rate or the Initial Rate, as the case may be, (plus any additional 
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amount required pursuant to the concluding paragraph of this Section 2.2). Buyer shall accept or 
decline such offer in writing within thirty (30) Days of receipt of the offer. If Buyer has not 
accepted such offer within thirty (30) Days, Seller may offer to sell the one hundred percent 
(100%) of the Energy from such Post December 31, 2003, Turbines to third parties; provided, 
however, that Seller shall not offer to sell such Energy to third parties at any time during the 
ninety (90) Day period next following the end of the thirty (30) Days referenced in the preceding 
clause at a price which is more favorable to such third party than the price offered to Buyer under 
this subparagraph. 
 
Notwithstanding any provision hereof to the contrary, in the event all of the Turbines in the 
Wind Project are not placed in service by December 31, 2003, due to a Force Majeure Event and 
an Extension Enactment has occurred, should Seller thereafter place Post December 31, 2003, 
Turbines in service Buyer shall purchase and Seller shall sell an amount of Energy equal to one 
hundred percent (100%) of the Energy produced by those Post December 31, 2003, Turbines at 
the Base Contract Rate or the Initial Rate, as the case may be, (plus any additional amount 
required pursuant to the concluding paragraph of this Section 2.2). 
 
Other than the right and obligation to buy Purchased Energy from Seller in accordance with the 
provisions of this Agreement, this Agreement shall not be interpreted to create in favor of Buyer, 
and Buyer hereby disclaims, any right, title or interest in any part of the Wind Project. 
 
In addition to the amounts otherwise payable by Buyer in accordance with this Section 2.2, 
Buyer shall pay (and shall indemnify and hold Seller harmless on an After-Tax Basis from and 
against) all gross receipts, use, excise, transfer and other similar taxes (“Transfer Taxes”), but 
excluding in all events taxes based on or measured by net income, which Transfer Taxes are 
imposed by any taxing authority arising out of or with respect to the purchase or sale of the 
Purchased Energy (regardless of whether such Transfer Taxes are imposed on Buyer or Seller), 
together with any interest, penalties or additions to tax payable with respect to such Transfer 
Taxes. 

2.3 Offsets, Allowances and Credits. 
Except as provided on Schedule 1 to this Agreement, Buyer shall be entitled to and shall retain 
all rights, titles and interests in any offsets, allowances, renewable credits, or other credits earned 
by or attributable to (A) the Wind Project and (B) the Purchased Energy, including, without 
limitation, the Federal Clean Air Act (including, but not limited to, Title IV of the Clean Air Act 
Amendments of 1990) and any state or federal acts, laws or regulations that provide offsets, 
allowances, or credits related to emissions. 

2.4 Billing and Payment.  
Billing and payment for the Purchased Energy sold and purchased under this Agreement and any 
other amounts due and payable hereunder shall be as follows: 

(a) Seller shall calculate the amount of Purchased Energy from recordings produced 
by the Meter(s) for the Wind Project at or near the last Day of each calendar month and on the 
last Day of the final Contract Year. No later than the tenth (10th) Day of each month or ten (10) 
Days after the end of the final Contract Year: (i) Seller shall deliver to Buyer a proper invoice 
showing the amount of Purchased Energy delivered to Buyer by Seller pursuant hereto and any 
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other amounts due and payable hereunder during such billing period and Seller’s computation of 
the amount due Seller in respect thereof, and (ii) not less than fifteen (15) Days after receipt of 
such invoice (unless such Day is not a Business Day, in which case such payment shall be due on 
the next succeeding Business Day), Buyer shall pay to Seller, by wire transfer of immediately 
available funds to an account specified in writing by Seller or by any other means agreed to by 
the Parties in writing from time to time, the amount set forth as due in such invoice. Seller shall 
also have the right to invoice Buyer for payments due Seller under Section 8.5 hereunder as the 
result of Buyer’s entry into arrangements to sell Purchased Energy in mitigation of the effects of 
a “Force Majeure Event.” 

(b) Within three hundred and sixty-five (365) Days after receipt of any invoice, 
Buyer may provide written notice to Seller of any alleged error therein. If Seller notifies Buyer in 
writing within thirty (30) Days of receipt of such notice that Seller disagrees with the allegation 
of error in the invoice, the Authorized Representatives of the respective Parties shall meet, by 
telephone conference call or otherwise, within ten (10) Days of Seller’s response for the purpose 
of attempting to resolve the dispute. Should the Authorized Representatives not be able to 
resolve the dispute, within ten (10) Days of after the end of the ten (10) Day period referenced in 
the preceding sentence the senior executive officers of the respective Parties shall meet, by 
telephone conference call or otherwise, for the purpose of attempting to resolve the dispute. If 
the Parties are unable to resolve the dispute within thirty (30) Days after the initial meeting 
between Authorized Representatives as aforesaid, either Party may proceed to seek resolution of 
the dispute in accordance with Section 8.12 hereof. 

(c) All payments hereunder shall be made without set-off or deduction. Any payment 
not made within the time limits specified in this Section 2.4 shall bear interest from the date on 
which such payment was required to have been made through and including the date such 
payment is actually received by the Seller. Such interest shall accrue at an annual rate equal to 
the Prime Rate then in effect plus two percent (2%). 

(d) Statements or invoices shall be sent to Buyer by mail or facsimile to the address 
or facsimile number designated in Section 8.4. Buyer may change the address or facsimile 
number by providing written notice to Seller.  

2.5 Title and Risk of Loss. 
Title to and risk of loss with respect to Purchased Energy provided to Buyer by Seller in 
accordance with this Agreement shall pass from Seller to and rest in Buyer when the same is 
made available by Seller at the Delivery Point. Until title passes, Seller shall be deemed in 
exclusive control of the same and shall be responsible for any damage or injury caused thereby. 
After title to the Purchased Energy passes, Buyer shall be deemed in exclusive control of such 
Purchased Energy and shall be responsible for any damage or injury caused thereby.  

2.6 Seller Curtailment. 

(a) Seller may curtail deliveries of Purchased Energy if Seller reasonably believes 
that curtailment is necessary to construct, install, maintain, repair, replace, remove or inspect any 
of its (A) Turbines and related equipment or (B) electrical equipment located at the Wind 
Project, including without limitation, any of the Seller’s Interconnection Facilities. In connection 
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with a curtailment undertaken by Seller in accordance with this Section 2.6 (a) where Seller 
reasonably determines that the aggregate portion of Total Capacity that is unavailable for 
production of Energy at any point in time as the result of such curtailment is or shall be equal to 
or in excess of ten percent (10%) of the Total Capacity, Seller shall communicate by telephone to 
Buyer as promptly as possible as to the nature and extent of such curtailment and shall 
coordinate the delivery or resumption of delivery of Purchased Energy with Buyer in connection 
therewith. 

(b) Seller shall curtail deliveries of Purchased Energy if notified by the Transmission 
Provider pursuant to the Interconnection Agreement to curtail deliveries, or if deliveries are 
otherwise curtailed by the Transmission Provider. 

(c) Seller shall curtail deliveries of Purchased Energy for each Planned Outage 
arising in each Contract Year pursuant to the Operating Procedures. 

(d) Seller shall promptly provide to Buyer an oral report of any Forced Outage of the 
Wind Project or Seller’s Interconnection Facilities which report shall include the amount of 
capacity of the Wind Project that will not be available because of such Forced Outage and the 
expected return time and date of generation of such capacity, and shall update such report as 
necessary to advise Buyer of changed circumstances in connection with such Forced Outage. 

(e) If during the Term Seller needs to schedule a Maintenance Outage of the Wind 
Project, Seller shall, at least five (5) Days prior to such outage or such shorter period as to which 
Buyer shall consent in light of then outstanding existing wind conditions (which consent shall 
not be unreasonably withheld), notify Buyer of such proposed Maintenance Outage and the 
Parties shall plan such outage of capacity to mutually accommodate the reasonable requirements 
of Seller and service obligations of Buyer. Notice of a proposed Maintenance Outage shall 
include the expected start date of the outage, the amount of capacity of the Wind Project that will 
not be available and the expected completion date of the outage, and shall be given to Buyer at 
the time the need for the Maintenance Outage is determined by Seller. Buyer shall promptly 
respond to such notice and may request reasonable modifications in the schedule for the outage. 
Seller shall use all reasonable efforts to comply with such a request to reschedule a Maintenance 
Outage. Seller shall notify Buyer of any subsequent changes in such capacity not available to 
Buyer or any subsequent changes in such Maintenance Outage completion date.  

(f) Seller shall resume deliveries of Purchased Energy as soon after curtailment as is 
reasonably possible, safe, and in accordance with Prudent Operating Practices. 

2.7 Buyer Curtailment.  

(a) Buyer shall be permitted to request that Seller curtail the amount of Energy 
generated at the Wind Project only if, at the time such request for curtailment is made, the Wind 
Project is utilizing Buyer’s Transmission Network Service for the transmission of Purchased 
Energy. 

(b) Provided that the circumstances set forth in Section 2.7 (a) exist, at the request of 
Buyer provided in the manner hereinbelow prescribed, Seller shall not deliver more than an 
hourly specified amount of Energy (for purposes of this Section 2.7(b), the “Requested 
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Maximum Operating Level”) provided that (i) Buyer gives telephonic notice to Seller at the 
Wind Project as to the Requested Maximum Operating Level requested by Buyer (expressed in 
kW) not less than ten minutes prior to the Required Maximum Operating Level taking effect for 
the immediately following hour, which notice is to be further outlined in the Operating 
Procedures; and (ii) Buyer’s notice as aforesaid does not stipulate nor require, and Seller shall 
not be under any obligation to cause, the Requested Maximum Operating Level requested by 
Buyer pursuant to this Section 2.7 (b), to be decreased from the Requested Maximum Operating 
Level at any time during that one-hour period following of such Requested Maximum Operating 
Level taking effect. To the extent that the Parties establish Operating Procedures as referenced in 
Section 2.10, the Buyer and Seller may explore Operating Procedures that provide Buyer with 
additional operating flexibility in establishing the Requested Maximum Operating Level more 
frequently than once every hour. 

(c) During any period of curtailment noticed in accordance with Section 2.7(b), 
Buyer shall pay Seller the sum of (i) the applicable price for Purchased Energy provided in 
Section 2.2 with respect to the Purchased Energy that would have been provided but for such 
curtailment based upon the Base Contract Rate or Initial Rate, as the case may be, (calculated in 
the manner provided in Section 2.7 (d) below) plus (ii) an additional amount equal to the dollar 
value of the lost production tax credits under Section 45 of the Internal Revenue Code which, but 
for such curtailment, would have been earned by Seller and for this purpose calculated by and 
with respect to Seller (or its Affiliates which utilize such production tax credits as the case may 
be) in accordance with the last sentence of the definition of “After Tax Basis” herein. 

(d) Seller shall calculate the sum due pursuant to the provisions of Section 2.7(c)(i) in 
the following manner. During any period of curtailment requested by Buyer pursuant to Section 
2.7(b), Seller shall first determine the amount of Energy (expressed in kWh) generated by 
operating Turbines (e.g., Turbines not subject to curtailment as requested by Buyer) during such 
period. Seller shall then determine the aggregate amount of Energy that would have been 
generated during such period by all Turbines at the Wind Farm by dividing the sum determined 
in the preceding sentence (expressed in kWh as aforesaid) by the number of operating Turbines 
and then multiplying the resulting amount by the total number of curtailed Turbines at the Wind 
Project. If a more accurate method for determining curtailed Energy becomes available (SCADA 
calculated or otherwise), the Parties may mutually agree to such calculation method in lieu of the 
calculation outlined above. 

2.8 Transmission; Transmission Credits.  
Buyer shall be responsible for arranging and paying for all charges for, any and all transmission 
services (including, without limitation, all ancillary service charges, any Open Access Same 
Time Information Systems (OASIS) fees, and any direct assignment of local congestion clearing 
costs), transmission or wheeling services, balancing, control area services, transaction charges 
and line losses on Transmission Provider’s side of the Delivery Point required to effectuate 
Buyer’s purchase of Purchased Energy hereunder. Buyer will be responsible for handling any 
OASIS, tagging, transmission scheduling or similar protocols with the Transmission Provider 
during the Term hereof. Seller and Buyer agree that, promptly following the execution of this 
Agreement and the Interconnection Agreement, they will in good faith seek to negotiate an 
amendment to this Agreement that will set forth certain obligations under the Interconnection 
Agreement addressing the Parties’ performance of duties and obligations arising hereunder in 
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connection with the Interconnection Agreement. If, due to Buyer’s failure to obtain all 
transmission services required to effectuate Buyer’s purchase of Purchased Energy, Seller is 
unable to deliver the Maximum Hourly Energy Delivered of the Wind Project to the 
Transmission Provider’s Transmission System, Buyer shall pay Seller at the Contract Rate or the 
Initial Rate, as the case may be, for all Energy that Seller was, as a result of Buyer’s failure, 
unable to deliver to the Transmission Provider’s Transmission System; plus an additional amount 
equal to the dollar value of the lost production tax credits under Section 45 of the Internal 
Revenue Code which, but for such failure, would have been earned by Seller and for this purpose 
calculated by and with respect to Seller (or its Affiliates which utilize such production tax credits 
as the case may be) in accordance with the last sentence of the definition of “After Tax Basis” 
herein. Buyer’s performance of its obligations hereunder to take Purchased Energy at the 
Delivery Point shall only be excused by a Force Majeure Event. 
 
As payments are made by Buyer for transmission service with respect to the Project under the 
Tariff, Buyer shall purchase and Seller shall sell, on a dollar-for-dollar basis, Transmission 
Credits. The aggregate amount of Transmission Credits purchased shall be the amount Seller 
paid to the Transmission Provider for Network Upgrades plus (x) interest, (y) any tax gross-up, 
and (z) any other tax-related payments. If five (5) years after the Network Upgrades are placed in 
service (or after the expiration of such longer period of time as may be set forth in the 
Interconnection Agreement) Buyer has not purchased all available Transmission Credits, the 
Parties (provided that the Transmission Provider is not an affiliate of the Buyer) shall be released 
from all obligations arising under this paragraph of Section 2.8. The purchase price for such 
Transmission Credits shall be due following the receipt of the economic benefit of such credits 
by Buyer in the form of reduction in payments for transmission services or otherwise. Buyer 
agrees to pay over to Seller within ten (10) Days following the end of each month in which any 
such economic benefit is received by Buyer an amount equal to the Transmission Credits used 
and the economic benefit received by Buyer therefrom. 

2.9 Expansion of the Wind Project; New Wind Projects.  
Each Party and its Affiliates shall provide to the other Party from time to time prior to the end of 
the Term hereof reasonable opportunity to evaluate and enter into investments on a mutually 
agreeable basis between the Parties (or their respective Affiliates) and in accordance with 
Applicable Law with respect (i) to an expansion of the Wind Project resulting in or proposed to 
result in an increase in the Total Capacity of the Wind Project or (ii) construction of additional 
wind power electrical generating facilities, which increase in the Total Capacity of the Wind 
Project or additional wind power electrical generating facilities, as the case may be, is 
interconnected at any point within twenty-five (25) miles from the Point of Delivery. In the event 
Buyer or its Affiliate shall undertake to expand the Wind Project or construct additional wind 
power electrical generating facilities as aforesaid where Seller (or its designated Affiliate) has 
declined to participate following a reasonable opportunity to evaluate such undertaking, Buyer 
shall not proceed with such undertaking unless the following conditions are satisfied:  

(a) at Buyer’s expense, the proposed action to expand the Wind Project or construct 
additional wind power electrical generating facilities shall be submitted in detail to review by an 
independent engineering firm having national or international expertise in the evaluation of wind 
power electrical generating facilities, and interconnection and transmission of energy produced 
by such facilities, reasonably acceptable to the Seller in order to determine whether the proposed 
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action will have an adverse impact on the Wind Project or the efficient and unimpaired 
transmission of energy therefrom in the manner contemplated in this Agreement. Buyer shall 
cause copies of all information submitted to or received from the independent engineering firm 
to be sent to the Seller simultaneously with submission or receipt by Buyer or its Affiliate; 

(b) if the independent engineering firm determines that the proposed action (or resulting 
effect of the proposed action) will have no adverse effect on the Wind Project or the efficient and 
unimpaired transmission of Energy therefrom in the manner contemplated in this Agreement, 
Buyer may proceed at its own expense with the proposed action; provided, however, that Buyer 
or its Affiliates shall not undertake such proposed action, directly or indirectly, under any form 
of joint venture, management agreement, joint operating agreement, loan agreement or other 
form of financial, management, investment or operating arrangement with any Person which, at 
the time Buyer or its Affiliates determined to proceed with such proposed action, owns (in whole 
or in part) or operates wind power electrical generating facilities capable of generating MW in 
excess of [ ___ ] MW in the aggregate; 

(c) if the independent engineering firm determines that the proposed action (or resulting 
effect of the proposed action) will have an adverse effect on the Wind Project or the efficient and 
unimpaired transmission of Energy therefrom in the manner contemplated in this Agreement, the 
Buyer and its Affiliates shall abandon the proposed action without further demand of Seller and 
without recourse to Seller. 

2.10 Operating Procedures; Communication. 
Seller and Buyer will endeavor to develop written operating procedures (“Operating 
Procedures”) before the Commercial Operation Date, which Operating Procedures will only be 
effective if made by mutual written agreement of the Parties; provided, however, that the Parties’ 
failure, or any Party’s failure to develop such Operating Procedures shall not be deemed an 
Event of Default hereunder. The Parties agree that the Operating Procedures they will endeavor 
to establish will cover the protocol under which the Parties will perform their respective 
obligations under this Agreement and will include, but will not be limited to, procedures 
concerning the following: (1) the method of day-to-day communications; (2) key personnel lists 
for Seller and Buyer; and (3) Forced Outage, Maintenance Outage and Planned Outage reporting. 

Seller will install a dedicated direct communication circuit (which may be by common carrier 
telephone) to Buyer or such other communication equipment as the Parties may agree. Seller 
shall provide telemetering equipment and facilities capable of transmitting to Buyer 
instantaneous MW output at the Delivery Point or other forms of “real time” output data relating 
to Purchased Energy.  

As a means of securing effective cooperation and interchanges of information and of providing 
consultation on a prompt and orderly basis between the Parties in connection with various 
administrative, commercial and technical issues which may arise during the performance of this 
Agreement, the Operating Procedures will also provide that each of the Parties will both appoint 
an authorized representative (with respect to each Party, the “Authorized Representative”) and an 
alternate representative (with respect to each Party, the “Alternates”) to act in its Authorized 
Representative’s absence. The Authorized Representatives and Alternates shall be managers 
well-experienced with regard to matters relating to the implementation of the Parties’ rights and 
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obligations under this Agreement with full authority to act for and on behalf of the Parties 
appointing them. Each Party will notify the other in writing of its Authorized Representative and 
Alternate and these appointments will remain in full force and effect until written notice of 
substitution is delivered to the other Party. 

Without limiting the provisions of Section 8.1 hereof, the Parties agree that all Information 
delivered to or received by any Party in connection with or pursuant to the Operating Procedures 
shall be confidential and proprietary subject to the provisions of Section 8.1 (c). 
 

ARTICLE 3 
CONDITIONS PRECEDENT, TERM, TERMINATION AND DEFAULTS 

3.1 Conditions to the Obligations of Seller 
Seller’s obligations under this Agreement are subject to the satisfaction of the conditions set 
forth in subsections (b), (c) and (d) on or before [ _______ ], 2002, satisfaction of the condition 
set forth in subsections (e) on or before [ _______ ], 2002 and, in the case of subsections (a), 
subject to Buyer’s performance on the date of execution of this Agreement, and in the case of 
subsection (f) below Buyer’s continuous satisfaction at all times after the date of execution of 
this Agreement and prior to the Commercial Operations Date, of the following conditions: 

(a) Buyer shall cause the Buyer Parent Guarantee to be executed and delivered to and 
for the benefit of Seller, any Lender and its or their respective assignees by the Parent Guarantor.  

(b) Seller shall have secured and received financing for the development of the Wind 
Project in the amount of Seller’s aggregate development and construction costs related to the 
Wind Project. 

(c) Seller shall have entered into a binding definitive agreement satisfactory in form 
and content to Seller to purchase from [ __________ ] a number of wind turbine generators 
sufficient to produce the Total Capacity. 

(d) Seller shall have received from the owners of the [ ___________ ] a written 
consent, estoppel, and non-disturbance agreement in form and substance satisfactory to Seller 
and its Lender (if any), which consent, estoppel, and non-disturbance agreement shall be 
prepared by Seller and reviewed by Buyer prior to execution thereof by such owners and shall 
authorize the interconnection of the Wind Project to the [ ____________________ ].  

(e) Approval of Seller’s performance of the duties and obligations on its part to be 
performed under this Agreement by the Board of Directors of Seller or Seller’s Affiliate. 

(f) Buyer shall have a long-term local issuer credit rating or a senior unsecured long-
term debt rating “Credit Rating,” as applicable, from one (if only one of the following agencies 
issues such a rating) or both (if both of the following agencies issue such a rating) of BBB- or 
higher (in the case of a rating issued by Standard & Poor’s Rating Group or any successor 
thereto (“S&P”)) and Baa3 or higher (in the case of a rating issued by Moody’s Investor Service, 
Inc., or any successor thereto (“Moody’s”)). 
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Any condition under this Section 3.1 may be waived, by written notice to Buyer, by the Seller in 
Seller’s sole discretion, without the consent of the Buyer.  
 

Notwithstanding any provision hereof to the contrary, this Agreement may be terminated by the 
Seller upon written notice to the Buyer, and the transactions contemplated hereby shall thereupon 
be abandoned if all of the conditions set forth in Section 3.1 (except for the condition that the 
credit-worthiness of the Buyer shall be evidenced in the manner set forth in Section 3.1 (f) at the 
times therein required) shall not have been satisfied, or waived by Seller, on or before 
[ __________ ], 2002 (with respect to the condition set forth in subsection (e) or on or before 
[ __________ ], 2002 (with respect to the conditions set forth in subsections (b), (c) and (d)), or 
such later date as mutually agreed upon in writing between the Parties. Further notwithstanding 
any provision hereof to the contrary, this Agreement may be terminated by the Seller upon 
written notice to the Buyer, and the transactions contemplated hereby shall thereupon be 
abandoned if the Buyer shall fail to maintain the conditions of credit-worthiness specified in 
Section 3.1 (f) at all times therein specified. 

3.2 Conditions to the Obligations of Buyer. 
Buyer’s obligations under this Agreement are subject to the satisfaction of the conditions set 
forth in subsection (a) on or before [ ____________ ], 2002 and to the satisfaction of the 
condition set forth in subsection (b) on or before [ _____________ ], 2002 as follows:  

(a) Buyer shall have received from the owners of the [ __________ ] a written consent 
authorizing the interconnection of the Wind Project to the [ _______________ ]. 

(b) Approval of Buyer’s performance of the duties and obligations on its part to be 
performed under this Agreement by the Board of Directors of Buyer. 
 
Notwithstanding any provision hereof to the contrary, this Agreement may be terminated by the 
Buyer upon written notice to the Seller, and the transactions contemplated hereby shall thereupon 
be abandoned if all of the conditions set forth in subsection (a) shall not have been satisfied, or 
waived by Buyer, on or before [ __________ ], 2002 or if the condition set forth in subsection 
(b) shall not have been satisfied on or before [ ________ ], 2002 (or such later date as mutually 
agreed upon in writing between the Parties). 

3.3 Term/Extensions. 
The Parties’ obligations pursuant to Section 2.1 of this Agreement shall commence upon the 
Partial Commercial Operation Date and continue until the date that is twenty (20) years 
following the Commercial Operation Date (the “Term”). All other provisions hereof shall 
commence upon the date hereof and continue until the end of the Term.  

3.4 Regulatory Approval. 
This Agreement is further subject to Seller being determined to be an EWG by the Federal 
Energy Regulatory Commission. Seller shall have applied for such status not later than the date 
that is sixty (60) Days following execution of this Agreement. 
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3.5 Early Termination. 

(a) In addition to termination of this Agreement as permitted under Section 3.1 hereof 
by Seller, Seller may terminate this Agreement prior to the expiration of the Term as specified 
below: 

(i) By Seller if an Interconnection Agreement in form and substance 
satisfactory to Seller, in its sole discretion, is not executed on or before [ _________ ], 
2002; provided that Seller gives Buyer written notice of termination within fifteen (15) 
Days after such date; or 

(ii) By Seller in the event that Seller has not obtained the necessary fee, 
leasehold or other title to or interest in the Site and all zoning approvals, permits, licenses 
and other governmental approvals necessary to construct and operate the Wind Project in 
the manner contemplated by this Agreement and which are final and no longer subject to 
appeal or legal challenge, by [ _________ ], 2002, provided that Seller gives Buyer 
written notice of termination within fifteen (15) Days after such date; or 

(iii) By Seller in the event that Seller determines in good faith that it will be 
unable to place in service fifty percent (50%) or more of the Turbines to be installed in 
the Wind Project by December 31, 2003, provided that Seller gives Buyer written notice 
of termination within fifteen (15) Days after such determination is made by Seller. 

(b) Notwithstanding any provision of this Agreement to the contrary, in the event of 
termination pursuant to this Section 3.5, the Parties shall be released and discharged from any 
obligations arising or accruing hereunder from and after the date of such termination; provided, 
however, that termination shall not discharge or relieve either Party from any indemnity 
obligations under Article 6 or the provisions of Section 8.1 hereof, which provisions shall 
survive any termination of this Agreement. 

3.6 Defaults and Remedies.  

(a) Each of the following shall constitute an “Event of Default” hereunder: 

(i) a failure by a Party to pay any amount due hereunder, where such failure 
is not cured within five (5) Days of the date due;  

(ii) Buyer shall fail to accept delivery of Purchased Energy tendered at the 
Delivery Point (other than by reason of Force Majeure Event);  

(iii) Buyer or its successor by operation of law or assignment effected in 
accordance with the terms hereof shall be in default of any obligation arising under this 
Agreement; 

(iv) Parent Guarantor shall (A) be generally not paying its debts as they 
become due, (B) file, or consent by answer or otherwise to the filing against it of, a 
petition for relief or reorganization or arrangement or any other petition in bankruptcy, 
for liquidation or to take advantage of any bankruptcy or insolvency law of any 



Wind Power Toolkit 

Global Energy Concepts, LLC D-20 March 2004 

jurisdiction, (C) make an assignment for the benefit of its creditors, (D) consent to the 
appointment of a custodian, receiver, trustee or other officer with similar powers with 
respect to it or with respect to any substantial part of its property, (E) be adjudicated 
insolvent or (F) take corporate action for the purpose of any of the foregoing; 

(v) At any time, either (A) for any reason, the Buyer Parent Guarantee is not 
in full force and effect, enforceable against the Parent Guarantor in accordance with its 
terms, or (B) there is any failure by the Parent Guarantor to perform its obligations under 
the Buyer Parent Guarantee and continues beyond any cure period applicable thereto as 
provided in the Buyer Parent Guarantee; 

(vi) any other material default that has a material adverse impact on the non-
defaulting Party if such default has not been cured by the defaulting Party within thirty 
(30) Days after receiving written notice from the non-defaulting Party setting forth, in 
reasonable detail, the nature of such material default; provided, however, that, in the case 
of a material default that is not reasonably capable of being cured within the thirty-Day 
cure period, the defaulting Party shall have additional time to cure the default if it 
commences to cure the default within such thirty-Day cure period, it diligently pursues 
such cure, and such default is capable of being cured by the defaulting Party within no 
more than one hundred eighty (180) Days after receiving such notice. 

(b) Upon the occurrence of an Event of Default by a Party, the non-defaulting Party 
shall have the following rights: 

(i) to terminate this Agreement by written notice to the other Party pursuant 
to this Section 3.6 and, in the case of an Event of Default by Buyer under Section 
3.6(a)(ii), Seller shall have the right, but not the obligation, to enter into a replacement 
long-term power supply agreement with a third party; 

(ii) to suspend performance of its obligations and duties hereunder upon 
written notice to the defaulting Party and, incident thereto Seller shall have the right, but 
not the obligation, to enter into a replacement short-term power supply agreement with a 
third party for the period of the suspension; and 

(iii) to pursue any other remedy given under this Agreement; provided 
however, that in the case of an Event of Default by Seller, Buyer shall provide the 
Lenders (if any), at an address provided in writing by the Lenders or by the Seller to 
Buyer, with notice of such Event of Default and the Lenders shall have the right (but not 
the obligation) for ninety (90) Days after receipt of such notice either to cure the Event of 
Default on behalf of Seller, or, upon payment to Buyer of amounts due from Seller but 
not paid by Seller, to assume, or cause its designee or a lessee or Buyer of the Wind 
Project to assume, all of the rights and obligations of Seller under this Agreement arising 
after the date of such assumption. In the event that any Lender, its designee or any such 
lessee or Buyer of the Wind Project assumes this Agreement in accordance with this 
Section 3.6: (i) Seller shall be released and discharged from any obligations to Buyer 
arising or accruing hereunder from and after the date of such assumption; (ii) Buyer shall 
continue this Agreement with such Lender, its designee or any such lessee or Buyer of 
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the Wind Project, as the case may be, substituted in the place of Seller hereunder; and 
(iii) if the assuming party is any of the Lenders, such party shall not be personally liable 
to Buyer for the performance of its obligations hereunder except to the extent of the total 
interest of the Lenders in the Wind Project; and provided further, however, that in the 
case of the occurrence of an event, which with the giving of notice or the passage of time, 
or both, would constitute an Event of Default by Buyer, commencing with the occurrence 
of such event and continuing at all times thereafter (unless cured by Buyer within the 
time and in the manner herein provided), including without limitation, at all times after 
termination of this Agreement by Seller as permitted hereunder, Buyer shall promptly 
pay or cause to be paid, all charges, tariffs or other sums necessary so that Seller shall be 
given access to the Buyer’s Transmission Service and to all ancillary services for the 
transmission of Energy from the Wind Project. Buyer expressly acknowledges that 
payment of the sums referenced in the preceding sentence in order to insure Seller’s 
continuing access to the Buyer’s Transmission Service and to all ancillary services for the 
transmission of Energy from the Wind Project shall expressly survive termination of this 
Agreement and shall be guaranteed as to payment thereof by the Parent Guarantor 
pursuant to the Buyer Parent Guarantee. 

 

ARTICLE 4 
MEASUREMENT AND METERING 

4.1 Metering Equipment. 

(a) Seller shall:  

(i) as part of the Wind Project, provide and install, at no cost to Buyer, 
appropriate Meters and associated measuring equipment necessary to permit an accurate 
determination of the quantities of the Purchased Energy delivered under this Agreement; 
and  

(ii) exercise reasonable care in the maintenance and operation of any such 
Meters and equipment located on the high side of the transformer so as to assure to the 
maximum extent reasonably practicable an accurate determination of such quantities. 
Seller’s Meters shall be located on the high side of the transformer. Except as provided in 
Section 4.2, Seller’s Meters shall be used for quantity measurements under this 
Agreement.  

(b) Buyer, at its sole expense, may install and maintain check Meters and all 
associated measuring equipment necessary to permit an accurate determination of the quantities 
of Purchased Energy delivered under this Agreement; provided, however, that such equipment 
shall be operated and maintained in a manner that does not interfere with the installation, 
maintenance and operation of Seller’s Meters and associated measuring equipment or Seller’s 
Interconnection Facilities. 
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4.2 Measurements. 

(a) Readings of Seller’s Meters shall be conclusive as to the amount of Purchased 
Energy delivered to Buyer hereunder; provided, however, that in the event any of Seller’s Meters 
is out of service or is determined, pursuant to Section 4.3 hereof, to be registering inaccurately, 
measurement of Purchased Energy delivered hereunder shall be determined by: 

(i) Buyer’s check Meter, if installed and registering accurately; or 

(ii) in the absence of an installed and accurately registering check Meter 
belonging to Buyer by the computer monitoring system for each Turbine that is part of 
the Wind Project, using a mathematical calculation determined by Seller in advance to 
adjust the output thereof to account for electrical losses in the gathering system and the 
Turbine transformers and substation transformers; or 

(iii) if the computer monitoring system described in clause (ii) above is 
unavailable or unreliable, by making a mathematical calculation if upon a calibration test 
of Seller’s Meter a percentage error is ascertainable; or 

(iv) In the absence of an installed and properly registering check Meter 
belonging to Buyer, the computer monitoring system described in clause (ii) above, and 
an ascertainable percentage of error, by estimating by reference to quantities measured 
during periods of similar conditions when Seller’s Meter was registering accurately. 

(b) if no reliable information exists as to the period over which such Meter was 
registering inaccurately, it shall be assumed for correction purposes hereunder that such 
inaccuracy began at a point in time midway between the testing date and the last previous date 
on which such Meter was tested and found to be accurate, but not to exceed six (6) months prior 
to the testing date. 

4.3 Testing and Correction. 

(a) The accuracy of each of Seller’s Meters shall be tested and verified by Seller at 
least annually. Seller hereby grants Buyer access, with reasonable notice to Seller, and at 
reasonable times, to Seller’s Meters in order to test and verify the accuracy of such Meters’ 
measurements and recordings. Such inspections and verifications shall be at Buyer’s sole 
expense.  

(b) If Buyer has installed check Meters in accordance with Section 4.1 hereof, Buyer 
shall test and verify each such Meter at least annually.  

(c) Each Party shall bear the cost of the annual testing of its own Meters.  

(d) Each Meter shall be accurate within a one-half of one percent (0.5%) variance.  

(e) If either Party disputes a Meter’s accuracy or condition, it shall:  

(i) Notify the owner of the Meter in writing. 
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(ii) The owner of the Meter shall, within fifteen (15) Days after receiving such 
notice, advise the disputing Party in writing as to its position concerning the Meter’s 
accuracy and reasons for taking such position.  

(iii) If the Parties are unable to resolve their disagreement through reasonable 
negotiations, then either Party may submit such dispute to an unaffiliated third-party 
engineering company mutually acceptable to the Parties to test the Meter. Should the 
Meter be found to be registering within the permitted one-half of one percent (0.5%) 
variance, the disputing Party shall bear the cost of inspection; otherwise, the cost shall be 
borne by the owner.  

(iv) Any repair or replacement shall be made at the owner’s expense as soon as 
practicable, based on the third-party engineer’s report. If, upon testing, any Meter is 
found to be accurate or to be in error by not more than the permitted one-half of one 
percent (0.5%) variance, previous recordings of such Meter shall be considered accurate 
in computing deliveries hereunder, but if in error, such Meter shall be promptly adjusted 
to record correctly.  

(v) If, upon testing, any Meter shall be found to be in error by an amount 
exceeding the permitted one-half of one percent (0.5%) variance, then such Meter shall 
be promptly adjusted to record properly and any previous recordings by such Meter shall 
be adjusted in accordance with Section 4.2 hereof.  

(vi) If, upon testing, any of Seller’s Meters is found to be in error by more than 
the permitted one-half of one percent (0.5%) variance, the payments for Purchased 
Energy made since the previous test of such Meter shall be adjusted to reflect the 
corrected measurements determined pursuant to Section 4.2 hereof. If the difference of 
the payments actually made by Buyer minus the adjusted payment is a positive number, 
Seller shall pay the difference to Buyer; if the difference is a negative number, Buyer 
shall pay the difference to Seller. In either case, the Party paying such difference shall 
also pay interest at the Prime Rate and such payment (including such interest) shall be 
made within thirty (30) Days of receipt of a corrected billing statement. 

4.4 Maintenance and Records. 
Seller shall provide Buyer on a monthly basis reports indicating Seller’s daily delivery of 
Purchased Energy. Except with respect to meter readings, each Party shall have the right to be 
present whenever the other Party reads, cleans, changes, repairs, inspects, tests, calibrates, or 
adjusts the equipment used in measuring or checking the measurement of the Purchased Energy 
delivered hereunder. Each Party shall give at least forty-eight (48) hours’ notice to the other 
Party in advance of taking any such actions. The records from the measuring equipment shall 
remain the property of Seller or Buyer, respectively, but, upon request, each Party will submit to 
the other its records and charts, together with calculations therefrom, for inspection, verification 
and copying, subject to return within ten (10) Days after receipt thereof. 

ARTICLE 5 
REPRESENTATIONS, WARRANTIES AND COVENANTS 
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5.1 Seller’s Representations and Warranties. 

(a) Seller represents and warrants as follows: 

(i) Seller is a [ ______ ], duly organized, validly existing, and in good 
standing under the laws of [ _____________ ];  

(ii) Seller has the power and authority to enter into and perform this 
Agreement and is not prohibited from entering into this Agreement or discharging and 
performing all covenants and obligations on its part to be performed under and pursuant 
to this Agreement; 

(iii) The execution and delivery of this Agreement, the consummation of the 
transactions contemplated herein and the fulfillment of and compliance by Seller with the 
provisions of this Agreement (provided that Seller shall not have procured all permits and 
consents necessary for the construction and operation of the Wind Project as of the date 
of execution and delivery of this Agreement) will not conflict with or constitute a breach 
of or a default under or require any consent, license or approval that has not been 
obtained pursuant to any of the terms, conditions or provisions of any law, rule or 
regulation, any order, judgment, writ, injunction, decree, determination, award or other 
instrument or legal requirement of any court or other agency of government, the 
documents of formation of Seller or any contractual limitation, restriction or outstanding 
trust indenture, deed of trust, mortgage, loan agreement, lease, other evidence of 
indebtedness or any other agreement or instrument to which Seller is a party or by which 
it or any of its property is bound and will not result in a breach of or a default under any 
of the foregoing;  

(iv) Seller has taken all such action as may be necessary or advisable and 
proper to authorize this Agreement, the execution and delivery hereof, and the 
consummation of transactions contemplated hereby; 

(v) There are no bankruptcy, insolvency, reorganization or receiverships 
pending or being contemplated by Seller, or to its knowledge threatened against Seller; 
and 

(vi) To the Seller’s knowledge, there are no actions, proceedings, judgments, 
rulings or orders issued by, or pending before any court or other governmental body that 
would materially adversely affect Seller’s ability to perform its obligations under this 
Agreement.  

(b) This Agreement is a legal, valid and binding obligation of Seller enforceable in 
accordance with its terms, except as limited by laws of general applicability limiting the 
enforcement of creditor’s rights or by the exercise of judicial discretion in accordance with 
general principles of equity. 

5.2 Buyer’s Representations and Warranties. 

(a) Buyer represents and warrants as follows: 
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(i) Buyer is a [ ______ ] duly organized, validly existing and in good standing 
under the laws of [ __________ ]; 

(ii) Buyer has the power and authority to enter into and perform this 
Agreement, is not prohibited from entering into this Agreement or discharging and 
performing all covenants and obligations on its part to be performed under and pursuant 
to this Agreement and is not required to receive, apply for nor obtain any prior, 
concurrent or subsequent approval of or certificate of necessity for this Agreement under 
any Applicable Law; 

(iii) The execution and delivery of this Agreement, the consummation of the 
transactions contemplated herein and the fulfillment of and compliance by Buyer with the 
provisions of this Agreement will not conflict with or constitute a breach of or a default 
under or require any consent, license or approval that has not been obtained pursuant to 
any of the terms, conditions or provisions of any law, rule or regulation, any order, 
judgment, writ, injunction, decree, determination, award or other instrument or legal 
requirement of any court or other agency of government, the documents of formation of 
Buyer or any contractual limitation, restriction or outstanding trust indenture, deed of 
trust, mortgage, loan agreement, lease, other evidence of indebtedness or any other 
agreement or instrument to which Buyer is a party or by which it or any of its property is 
bound and will not result in a breach of or a default under any of the foregoing;  

(iv) Buyer has taken all such action as may be necessary or advisable and 
proper to authorize this Agreement, the execution and delivery hereof, and the 
consummation of transactions contemplated hereby; 

(v) There are no bankruptcy, insolvency, reorganization or receiverships 
pending or being contemplated by Buyer, or to its knowledge threatened against Buyer; 
and 

(vi) To the Buyer’s knowledge, there are no actions, proceedings, judgments, 
rulings or orders issued by, or pending before any court or other governmental body that 
would materially adversely affect Buyer’s ability to perform its obligations under this 
Agreement. 

(b) This Agreement is a legal, valid and binding obligation of Buyer enforceable in 
accordance with its terms, except as limited by laws of general applicability limiting the 
enforcement of creditor’s rights or by the exercise of judicial discretion in accordance with 
general principles of equity. 

5.3 Seller’s Covenants 
Seller covenants that (i) from the Commercial Operation Date through the expiration of the Term 
or termination hereof, the Wind Project and the Seller’s Interconnection Facilities shall be 
operated and maintained in accordance with this Agreement, Prudent Operating Practices and 
Applicable Laws, and (ii) it shall require its employees to comply with the Occupational Safety 
and Health Act, and the rules promulgated thereunder by the U.S. Department of Labor, and all 
applicable state statutes and regulations affecting job safety. Seller covenants not to support, and 
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to cooperate with Buyer in opposing, any action of any regulatory body having jurisdiction 
thereover that could result in the vitiation of any of the terms or conditions hereof or have any 
other material adverse effect on this Agreement. 

5.4 Buyer’s Covenants. 
Buyer covenants: (i) that from the Commercial Operation Date through the expiration of the 
Term or termination hereof, Buyer shall comply with this Agreement and Applicable Laws, 
including, without limiting the generality of the foregoing, paying the Contract Rate for 
Purchased Energy to Seller when due hereunder, and (ii) not to support, and to cooperate with 
Seller in opposing, any action of any regulatory body having jurisdiction thereover that could 
result in the vitiation of any of the terms or conditions hereof or have any other material adverse 
effect on Seller, the Wind Project or this Agreement. 
 

ARTICLE 6 
INDEMNIFICATION AND INSURANCE 

6.1 General Indemnity. 
Each Party hereby protects, defends, indemnifies and holds harmless (on an After-Tax Basis) the 
other Party, its directors, officers, employees and agents, from and against all claims, demands, 
causes of actions, judgments, liability and associated costs and expenses, including reasonable 
attorney’s fees, arising from property damage, bodily injuries or death suffered by any person 
(including, without limitation, employees of Buyer) related to, arising from, or connected to the 
performance of the indemnifying Party hereunder, or Energy to be delivered hereunder. This 
indemnity provision shall apply notwithstanding the active or passive negligence of the 
indemnitee, but the indemnitor’s liability to indemnify the other Party shall be reduced 
proportionately to the extent that an act or omission of the indemnitee may have contributed to 
the loss, injury or property damage. Further, neither Party shall be indemnified hereunder for its 
loss, liability, injury and damage resulting from its sole negligence, fraud, or willful misconduct. 
The indemnitor, upon the other Party’s request, shall defend any suit asserting a claim covered 
by this indemnity and shall pay all costs, including reasonable legal fees, that may be incurred by 
the other Party in enforcing this indemnity. Each indemnity in this Agreement is a continuing 
obligation, separate and independent of the other obligations of each Party and survives 
termination hereof. It is not necessary for a Party to incur expense or make payment before 
enforcing a right of indemnity conferred by this Agreement. 

6.2 Patent Indemnity. 
Each Party hereto protects, defends, indemnifies and holds harmless (on an After-Tax Basis) the 
other Party, its directors, officers, employees and agents, from and against all claims, demands, 
causes of actions, judgments, liability and associated costs and expenses, including reasonable 
attorneys’ fees, arising from the infringement by the indemnifying Party of any patent relating to 
the Wind Project or the Seller’s Interconnection Facilities. Without limiting the generality of the 
foregoing, Seller shall indemnify and hold harmless (on an After-Tax Basis) the Buyer with 
respect to any all claims, demands, causes of actions, judgments, liability and associated costs 
and expenses, including reasonable attorneys’ fees, arising from an assertion that Seller’s 
development or operation of the Wind Project infringes upon any patent held or claimed to be 
held by any Person other than a Party. 
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6.3 Insurance. 

(a) Each Party, at its own cost and expense, shall maintain and keep in full force and 
effect from the date hereof through the later of the date of expiration or termination hereof, the 
following insurance coverage: 

(i) Workers’ Compensation Insurance for statutory obligations imposed by 
state laws, and Employer’s Liability Insurance with a minimum limit of One Million 
Dollars ($1,000,000) for disease and injury to employees; and 

(ii) Commercial General Liability Insurance on an occurrence (not claims-
made) form, including premises and operations, personal injury, broad form property 
damage, products/completed operations, contractual liability and independent contractors 
protective liability all with minimum combined single limit liability of Five Million 
Dollars ($5,000,000). 

(b) Any insurance required by this Article to be maintained by either Party may be 
maintained in the form of self-insurance. All insurance polices required to be obtained hereunder 
shall provide insurance for occurrences from the date hereof through the later of the expiration or 
termination hereof. All insurance coverage, other than self-insurance, required by this Agreement 
if not self-insurance shall be issued by an insurer with a Best’s Rating of not less than “A-” or 
such other insurer as is reasonably acceptable to both Parties.  

(c) Each Party shall require its insurer(s) to notify the other Party of any material 
change in, or cancellation of, the insurance required by this Article at least thirty (30) Days prior 
to the effective date of such change or cancellation. Upon the request of either Party, each Party 
shall provide to the other Party and thereafter maintain with the other Party a current certificate 
of insurance or evidence of self-insurance verifying the existence of the insurance coverage 
required by this Agreement. 

ARTICLE 7 
GOVERNMENT APPROVALS 

7.1 Government Approvals - Seller’s Obligation. 
Except with respect to governmental approvals, licenses and permits which may be required to 
allow Buyer to perform its obligations hereunder (all of which shall be obtained and maintained 
by Buyer at its sole cost), Seller shall secure and maintain at no cost to Buyer all governmental 
approvals, permits (including environmental permits), licenses, easements, rights-of-way, 
releases and other approvals necessary for the construction and operation of the Wind Project. 

7.2  Buyer’s Assistance. 
At Seller’s request, Buyer shall use best efforts to assist Seller in obtaining and retaining such 
permits, licenses, easements, rights-of-way, releases and other approvals as are necessary for the 
design, construction, engineering, operations and maintenance of the Wind Project. Seller shall 
reimburse Buyer for out-of-pocket costs reasonably incurred by Buyer in assisting Seller under 
this Section 7.2.  



Wind Power Toolkit 

Global Energy Concepts, LLC D-28 March 2004 

ARTICLE 8 
MISCELLANEOUS 

8.1 Confidential Information. 

(a) The Parties have and will develop certain information, processes, know-how, 
techniques and procedures concerning the Wind Project that they consider confidential and 
proprietary (collectively, the “Information”). Notwithstanding the confidential and proprietary 
nature of such Information, the Parties (each, the “Disclosing Party”) may make this Information 
available to the other (each, a “Receiving Party”) subject to the provisions of this Section 8.1; 
provided, however, that certain data constituting Information hereunder shall be identified 
“Confidential” by the Disclosing Party prior to making same available to Receiving Party 
hereunder in accordance with the provisions of the Operating Procedures. 

(b) Upon receiving or learning of Information, the Receiving Party shall:  

(i) treat such Information as confidential and use reasonable care not to 
divulge such Information to any third party except as required by law, subject to the 
restrictions set forth below;  

(ii) restrict access to such Information to only those employees, 
subcontractors, suppliers, vendors, and advisors whose access is reasonably necessary in 
developing the Wind Project and for the purposes of this Agreement and who shall be 
bound by the terms of this provision;  

(iii) use such Information solely for the purpose of developing the Wind 
Project and for purposes of this Agreement; and  

(iv) upon the termination of this Agreement, destroy or return any such 
Information in written or other tangible form and any copies thereof.  

(c) The restrictions of this Section 8.1 do not apply to:  

(i) release of this Agreement to any governmental authority required for 
obtaining any approval or making any filing pursuant to Section 3.4 hereof; provided, 
however, that each Party agrees to cooperate in good faith with the other to maintain the 
confidentiality of the provisions of this Agreement to the extent permitted by Applicable 
Law; 

(ii) information which is, or becomes, publicly known or available other than 
through the action of the Receiving Party in violation of this Agreement;  

(iii) information which is in the possession of the Receiving Party prior to 
receipt from the Disclosing Party or which is independently developed by the Receiving 
Party, provided, however, that the person or persons developing such information have 
not had access to any Information;  
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(iv) information which is received from a third party which is not known (after 
due inquiry) by Receiving Party to be prohibited from disclosing such information 
pursuant to a contractual, fiduciary or legal obligation; or 

(v) information which is, in the reasonable written opinion of counsel of the 
Receiving Party, required to be disclosed pursuant to Applicable Law (including any 
Freedom of Information Act request); provided, however, that the Receiving Party, prior 
to such disclosure, shall provide reasonable advance notice to the Disclosing Party of the 
time and scope of the intended disclosure in order to provide the Disclosing Party an 
opportunity to obtain a protective order or otherwise seek to prevent, limit the scope of, 
or impose conditions upon such disclosure.  

(d) Notwithstanding the foregoing Seller may disclose Information to the Lenders (if 
any) and any other investors expressing an interest in providing equity or debt financing or 
refinancing and/or credit support to Seller, and the agent or trustee of any of them so long as the 
Lenders or such other investors agree to abide by confidentiality provisions which are 
substantially similar to those set forth in this Section 8.1.  

(e) Neither Party shall issue any press or publicity release or otherwise release, 
distribute or disseminate any information with the intent that such information will be published 
(other than information that is, in the reasonable written opinion of counsel to the Disclosing 
Party, required to be distributed or disseminated pursuant to Applicable Law, provided, however, 
that the Party distributing or disseminating such information has given notice to, and an 
opportunity to prevent disclosure by, the other Party as provided in this Section 8.1) concerning 
this Agreement or the participation of the other Party in the transactions contemplated hereby 
without the prior written approval of the other Party of any such press or publicity release, which 
approval will not be unreasonably withheld or delayed.  

(f) This Section 8.1 shall not prevent the Parties from releasing information which is 
required to be disclosed in order to obtain governmental permits, licenses, releases and other 
approvals relating to the Wind Project or which is necessary in order to fulfill such Party’s 
obligations under this Agreement. 

(g) The obligations of the Parties under this Section 8.1 shall remain in full force and 
effect for three (3) years following the termination of this Agreement. 

8.2 Successors and Assigns; Assignment. 

(a) This Agreement shall inure to the benefit of and shall be binding upon the Parties 
and their respective successors and assigns. This Agreement shall not be assigned, assumed or 
transferred, in whole or in part by Buyer (whether by contract, operation of law, or as the result 
of corporate merger, consolidation, divestiture, split up, split off, spin off or similar transaction 
by which a resulting Person, whether an Affiliate of a Party or otherwise, purports to be entitled 
to the benefits and to performance of the obligations of this Agreement) without the prior written 
consent of the Seller, which shall not be unreasonably withheld or delayed. This Agreement shall 
not be assigned, assumed or transferred, in whole or in part by Seller without the prior written 
consent of the Buyer, which shall not be unreasonably withheld or delayed. 
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(b) Notwithstanding the foregoing, no consent shall be required for:  

(i) any assignment or transfer of this Agreement by Seller to an Affiliate of 
the Seller; and 

(ii) any assignment to any Lenders as collateral security for obligations under 
the financing documents entered into with such Lenders; and 

(iii) any assignment or transfer of this Agreement in whole or in part by Buyer 
to an Affiliate of the Buyer. Any assignment or transfer of this Agreement in whole or in 
part by Buyer to an Affiliate of Buyer pursuant to Section 8.2(b)(iii) shall be ineffective 
unless and until such Affiliate shall have received all Government Approvals required 
under Applicable Law with respect to such assignment or transfer and unless and until the 
Parent Guarantor has confirmed in writing and in advance of such assignment to Seller 
that the Buyer Parent Guarantee shall continue to be in full force and effect subsequent to 
such assignment. Any assignment or transfer of this Agreement in whole or in part by 
Buyer to an Affiliate of Buyer pursuant to Section 8.2(b)(iii) shall be ineffective in the 
event, by reason of such assignment or transfer, access to transmission rights by Buyer 
and its assignee is, in the opinion of the Seller exercised in a commercially reasonable 
manner, less favorable than that which existed prior to the effective date of the proposed 
assignment. Any assignment or transfer of this Agreement in whole or in part by Buyer to 
an Affiliate of Buyer pursuant to Section 8.2(b)(iii) shall be conditioned upon Buyer and 
such Affiliate executing an amended Power Purchase Agreement with Seller identical in 
terms to this Agreement; provided however, that such amended Power Purchase 
Agreement shall allocate purchase of Purchased Energy (and all obligations arising 
hereunder related thereto) between Buyer and such Affiliate as determined by Buyer. 

(c) Buyer acknowledges that upon an event of default under any financing documents 
relating to the Wind Project, any of the Lenders may (but shall not be obligated to) assume, or 
cause its designee or a new lessee or Buyer of the Wind Project to assume, all of the interests, 
rights and obligations of Seller thereafter arising under this Agreement.  

(d) If the rights and interests of Seller in this Agreement shall be assumed, sold or 
transferred as herein provided, and the assuming party shall agree in writing to be bound by and 
to assume, the terms and conditions hereof and any and all obligations to Buyer arising or 
accruing hereunder from and after the date of such assumption, Seller shall be released and 
discharged from the terms and conditions hereof and each such obligation hereunder from and 
after such date, and Buyer shall continue this Agreement with the assuming party as if such 
person had been named as Seller under this Agreement; provided, however, that if any of the 
Lenders assume this Agreement as provided herein, Buyer acknowledges and agrees that such 
Persons shall not be personally liable for the performance of such obligations hereunder except 
to the extent of the total interest of the Lenders in the Wind Project. Notwithstanding any such 
assumption by any of the Lenders or a designee thereof, Seller shall not be released and 
discharged from and shall remain liable for any and all obligations to Buyer arising or accruing 
hereunder prior to such assumption.  
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(e) The provisions of this Section 8.2 are for the benefit of the Lenders as well as the 
Parties hereto, and shall be enforceable by the Lenders as express third-party beneficiaries 
hereof. Buyer hereby agrees that none of the Lenders, nor any bondholder or participant for 
whom they may act, shall be obligated to perform any obligation or be deemed to incur any 
liability or obligation provided in this Agreement on the part of Seller or shall have any 
obligation or liability to Buyer with respect to this Agreement except to the extent any of them 
becomes a party hereto pursuant to this Section 8.2. 

8.3 Financing Liens. 

(a) Seller, without approval of Buyer, may, by security, charge or otherwise 
encumber its interest under this Agreement for the purposes of financing the construction and/or 
operation of the Wind Project and the Seller’s Interconnection Facilities.  

(b) Promptly after making such encumbrance, Seller shall notify Buyer in writing of 
the name, address, and telephone and facsimile numbers of each Lender to which Seller’s interest 
under this Agreement has been encumbered. Such notice shall include the names of the account 
managers or other representatives of the Lenders to whom all written and telephonic 
communications may be addressed.  

(c) After giving Buyer such initial notice, Seller shall promptly give Buyer notice of 
any change in the information provided in the initial notice or any revised notice.  

(d) If Seller encumbers its interest under this Agreement as permitted by this Section 
8.3, the following provisions shall apply:  

(i) the Parties, except as provided by the terms of this Agreement, shall not 
modify or cancel this Agreement without the prior written consent of the Lenders, which 
consent shall not be unreasonably withheld, delayed or conditioned;  

(ii) the Lenders shall have the right, but not the obligation, to perform any act 
required to be performed by Seller under this Agreement to prevent or cure a default by 
Seller and such act performed by the Lenders shall be as effective to prevent or cure a 
default as if done by Seller;  

(iii) Buyer shall upon request by Seller execute statements certifying that this 
Agreement is unmodified (or, modified and stating the nature of the modification), in full 
force and effect and the absence or existence (and the nature thereof) of defaults 
hereunder by Seller and documents of consent to such assignment to the encumbrance 
and any assignment to such Lenders; and  

(iv) upon the receipt of a written request from Seller or any Lender, Buyer 
shall, at Seller’s reasonable cost and expense, execute, or arrange for the delivery of, such 
certificates, opinions and other documents as may be reasonably necessary in order for 
Seller to consummate any financing or refinancing of the Wind Project or any part 
thereof and will enter into reasonable agreements with such Lender, which agreements 
provide that Buyer recognizes the rights of such Lender upon foreclosure of the Lender’s 
security interest and such other provisions as may be reasonably requested by any such 
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Lender, provided, however, that any such agreement shall not constitute a modification 
hereof unless Buyer otherwise agrees in its sole discretion. 

8.4 Notices.  
Each notice, request, demand, statement or routine communication required or permitted under 
this Agreement, or any notice or communication that either Party may desire to deliver to the 
other, shall be in writing and shall be considered delivered when received by the other Party by 
certified mail, facsimile or reputable overnight courier addressed to the other Party at its address 
indicated below or at such other address as either Party may designate for itself in a notice to the 
other Party. 
 
If to Seller:  [address] 
   [contact] 
   Telephone: 
   Facsimile: 
 
If to Buyer:   [address] 
   [contact] 
   Telephone: 
   Facsimile:  
 

8.5 Force Majeure.  
Except for accrued obligations to pay money and other accrued rights and obligations, the 
performance of any obligation required hereunder shall be excused during the continuation of 
any Force Majeure Event suffered by the Party whose performance is required in respect thereof, 
and the time for performance of any obligation that has been delayed due to the occurrence of a 
Force Majeure Event; provided, however, (a) that the Party experiencing the delay shall notify 
the other Party of the occurrence of such Force Majeure Event and the anticipated period of 
delay within ten (10) Days after the commencement of the Force Majeure Event; (b) the 
suspension of performance shall be of no greater scope (in the manner in which it affects Seller’s 
delivery of Energy or other obligations arising hereunder, or in the manner in which it affects 
Buyer’s obligation to purchase Energy or other obligations arising hereunder) and of no longer 
duration than is reasonably required by the Force Majeure Event; and (c) the affected Party shall 
use all reasonable efforts to continue to perform its obligations hereunder and to correct or cure 
the event or condition excusing performance; and provided further, however if Buyer shall claim 
a Force Majeure Event under subclause (j) of the definition of “Force Majeure Event,” and 
should Buyer, following such “Force Majeure Event,” nevertheless enter into one or more 
arrangements to sell Purchased Energy to Persons in mitigation of the effects of such “Force 
Majeure Event,” Buyer shall be obligated to notify Seller in accordance with Prudent Operating 
Practice as to the terms and conditions of such arrangements and pay to Seller not less frequently 
than once every thirty (30) Days during the term of the “Force Majeure Event” an amount equal 
to forty percent (40%) of the gross revenue received by Buyer under such arrangements. Each 
Party suffering a Force Majeure Event shall take, or cause to be taken, such action as may be 
necessary to void or nullify or otherwise to mitigate in all material respects the effects of any 
such Force Majeure Event. 
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8.6 Amendments.  
This Agreement shall not be modified nor amended unless such modification or amendment shall 
be in writing and signed by authorized representatives of both Parties. 

8.7 Waivers.  
Failure to enforce any right or obligation by any Party with respect to any matter arising in 
connection with this Agreement shall not constitute a waiver as to that matter nor to any other 
matter. Any waiver by any Party of its rights with respect to a default under this Agreement or 
with respect to any other matters arising in connection with this Agreement must be in writing. 
Such waiver shall not be deemed a waiver with respect to any subsequent default or other matter. 

8.8 Waiver of Consequential Damages. 
Notwithstanding any other provision of this Agreement (except to the extent indemnification 
payments are made pursuant to Section 6.1 as a result of a third party being awarded special, 
indirect, incidental, punitive or consequential damages), neither Buyer nor Seller (nor any of 
their Affiliates, contractors, consultants, officers, directors, shareholders, members or 
employees) shall be liable for special, indirect, incidental, punitive or consequential damages 
under, arising out of, due to, or in connection with its performance or non-performance of this 
Agreement or any of its obligations herein, whether based on contract, tort (including, without 
limitation, negligence), strict liability, warranty, indemnity or otherwise. 

8.9 Survival.  
Notwithstanding any provisions herein to the contrary, the obligations set forth in Section 8.1 
and Article 6, and the limitations on liabilities set forth herein shall survive (in full force) the 
expiration or termination of this Agreement. 

8.10 Severability.  
If any of the terms of this Agreement are finally held or determined to be invalid, illegal or void, 
all other terms of the Agreement shall remain in effect; provided, however, that the Parties shall 
enter into negotiations concerning the terms affected by such decision for the purpose of 
achieving conformity with requirements of any Applicable Law and the intent of the Parties. 

8.11 Governing Law.  
This Agreement shall be interpreted and enforced in accordance with the laws of [ _______ ] 
without regard its conflicts of laws provisions. 

8.12 Resolution of Disputes.  
All disputes between the Parties arising under this Agreement that are not first able to be 
resolved in the manner otherwise provided in the preceding provisions of this Agreement shall be 
settled by arbitration in accordance with the Commercial Arbitration Rules of the American 
Arbitration Association in Houston, Texas. One independent arbitrator shall be selected by the 
each of the Parties, and the third arbitrator shall be chosen by the first two arbitrators chosen. 
The cost and expense of arbitration shall be shared equally by the Parties to the arbitration, 
regardless of which Party or Parties prevail, except that each Party shall bear the cost of its 
attorneys. The arbitration shall be conducted in accordance with the following time schedule 
unless otherwise mutually agreed to in writing by the Parties: (i) Parties to the arbitration 
proceeding shall each appoint their respective arbitrator within fifteen (15) Days after the end of 
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the date of the other Party’s notice of dispute; (ii) the appointment of the third arbitrator shall 
occur within five (5) Days thereafter; (iii) within ten (10) Days after the appointment of the third 
arbitrator, Parties to the arbitration proceeding shall provide all documents, records and 
supporting information reasonably necessary to resolve the dispute; and (iv) within thirty (30) 
Days (or as soon thereafter as reasonably practicable) after the date the above records are due, 
the arbitrators shall render their decision. The decision or award of the arbitrators shall be final 
and binding upon the Parties hereto to the same extent and to the same degree as if the matter 
had been adjudicated by a court of competent jurisdiction and shall be enforceable under the 
Federal Arbitration Act. 

8.13 Waiver of Trial by Jury.  
Each of the Parties knowingly, voluntarily and intentionally waives the right any of them may 
have to a trial by jury in respect of any litigation based hereon, or arising out of, under or in 
connection with this Agreement and any agreement contemplated to be executed in conjunction 
herewith, or any course of conduct, course of dealing, statements (whether verbal or written) or 
actions of any Party hereto. This provision is a material inducement for the Parties entering into 
this agreement. 

8.14 No Third-Party Beneficiaries. 
This Agreement is intended solely for the benefit of the Parties hereto. Except as set forth in 
Article 6 and in Sections 8.2 and 8.3, nothing in this Agreement shall be construed to create any 
duty to, or standard of care with reference to, or any liability to, or any benefit for, any person 
not a Party to this Agreement. 

8.15 No Agency. 
This Agreement is not intended, and shall not be construed, to create any association, joint 
venture, agency relationship or partnership between the Parties or to impose any such obligation 
or liability upon either Party. Neither Party shall have any right, power or authority to enter into 
any agreement or undertaking for, or act as or be an agent or representative of, or otherwise bind, 
the other Party. 

8.16 Cooperation. 
The Parties acknowledge that they are entering into a long-term arrangement in which the 
cooperation of both of them will be required. If, during the Term hereof, changes in the 
operations, facilities or methods of either Party will materially benefit a Party without detriment 
to the other Party, the Parties commit to each other to make reasonable efforts to cooperate and 
assist each other in making such change. 

8.17 Further Assurances. 
Upon the receipt of a written request from the other Party, each Party shall execute such 
additional documents, instruments and assurances and take such additional actions as are 
reasonably necessary and desirable to carry out the terms and intent hereof. Neither Party shall 
unreasonably withhold, condition or delay its compliance with any reasonable request made 
pursuant to this Section 8.17. 
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8.18 Captions; Construction. 
All indexes, titles, subject headings, section titles, and similar items are provided for the purpose 
of reference and convenience and are not intended to affect the meaning of the content or scope 
of this Agreement. Any term and provision of this Agreement shall be construed simply 
according to its fair meaning and not strictly for or against any Party. 

8.19 Entire Agreement.  
This Agreement shall supersede all other prior and contemporaneous understandings or 
agreements, both written and oral, between the Parties relating to the subject matter of this 
Agreement. 

8.20 Counterparts. 
This Agreement may be executed in several counterparts, each of which shall be an original and 
all of which together shall constitute but one and the same instrument. 

8.21 Forecasting Service.  
Seller shall use commercially reasonable efforts to enter into an agreement (the “Forecasting 
Agreement”) with a wind forecasting provider to provide hourly wind speed and hourly Energy 
predictions for the Site. The forecast will be provided twice daily (once in the morning and once 
in the afternoon) for each hour of the immediately following Day. Precise delivery times will be 
set forth, in coordination with the Buyer, in the Forecasting Agreement. Such predictions shall 
commence on the Commercial Operation Date and end on the last Day of the Term. Subject to 
the terms and conditions of the Forecasting Agreement, the twice daily predictions produced 
pursuant to the Forecasting Agreement shall be made available by the Seller to the Buyer in a 
mutually agreed upon manner at no cost to the Buyer. Seller shall have no liability to Buyer for 
inaccuracies in predicted wind speed and predicted Energy production or delivery. If requested 
by Seller, Buyer shall enter into an agreement among Buyer, Seller and the wind forecasting 
provider whereby Buyer agrees to treat the forecast data received as confidential and proprietary 
Information within the meaning of Section 8.1 of this Agreement. 
 
 IN WITNESS WHEREOF the Parties have executed this Agreement in the manner 
appropriate to each on the date set forth above. 
 

[SELLER] 
 
By: ______________________ 
 
Name: ____________________ 
 
Title: _____________________ 

[Buyer] 
 
By:_______________________ 
 
Name: ____________________ 
 
Title: _____________________ 
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SCHEDULE 1 TO MODEL PPA 

CREDITS RETAINED BY SELLER 

Any and all production tax credits available to generators of wind energy pursuant to the Internal 
Revenue Code Section 45, as the same may be amended, or any successor or similar provision 

 

 

EXHIBIT A TO MODEL PPA 

 
DESCRIPTION OF WIND PROJECT 

 

 

 
EXHIBIT B TO MODEL PPA 

 
DESCRIPTION OF DELIVERY POINT 

 

The delivery point is the high side of the transformer at a to be constructed [ ____ ] kV / [ ___] 
kV substation located in [ _____________ ]. 

 

 

 

EXHIBIT C TO MODEL PPA 
 

DESCRIPTION OF SITE 
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EXHIBIT D TO MODEL PPA 

BUYER PARENT GUARANTEE  

 



 
 

 
7399P02/FICHT-6472615-v1   

 
 
 
 
 
 
 

Annex F-3 
Model call for tender  
(Source: Winrock International 2004: 
Windpower development toolkit 
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Appendix C: Model Request for Proposals 

This appendix contains a model Request for Proposals (RFP). It is based on a recent RFP for 
wind power projects in the United States in which an electric utility seeks to either buy the 
output of new wind power projects or to own wind power projects developed by others. 
Language which would identify the utility has been deleted. 
 
Many issues in this model RFP are common to any RFP. However, often there are issues which 
are unique to a particular project that get included in an RFP. For example, some of the language 
in the model RFP concerns the Production Tax Credit (PTC). The PTC is an important factor in 
wind power economics in the United States, and at the time the RFP was written, it was 
uncertain when or how the PTC would be renewed past 2003. While issues related to the PTC 
may not be of concern to projects outside the United States, the PTC language has been left in 
the model RFP to provide an example of how this specific issue was handled in the RFP. There 
may be other factors unique to other projects which can use the PTC language in the model RFP 
as an example of how to handle uncertainties at the time the RFP is written. 
 
This model RFP is presented as an example only. Readers are urged to consult their own 
advisors to ensure that their objectives will be achieved and their interests will be protected 
before entering into any binding agreement. 
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Wind Power 

Request for Proposals 

 

[ issuer ] 

[ date ] 

 

1. Introduction 
This document constitutes a Request for Proposals (RFP) from qualified third parties 
(developers) to supply electricity to [utility] from wind-powered generation. [Utility] seeks 
approximately [ ___ ] MW of nameplate capacity from wind power resources. This level will aid 
[utility] in meeting its goal of meeting up to [ ___ ]% of its resource needs through renewable 
resources. [Utility] reserves the right to acquire more than [ ___ ] MW if such acquisitions are 
deemed beneficial.  

Proposals will be received from developers for purchased power agreements and/or 
arrangements whereby [utility] would acquire an ownership interest in the project with energy 
delivered on an “as-produced” or “integrated” (shaped) basis. A proposal must offer a minimum 
of [ ___ ] MW of nameplate capacity to be eligible for evaluation by [utility].  

Proposals submitted will be evaluated using a two-stage process. In the first stage, proposals will 
be screened to identify the most desirable wind resources on a standalone basis as measured 
against criteria such as cost, location and other thresholds. In the second stage, the most 
beneficial proposals identified in the first stage will be further evaluated as part of [utility]’s 
overall portfolio to identify those which perform best (from a cost effectiveness, environmental, 
technical integration, risk and other bases) in relation to [utility]’s existing and future resource 
mix. This two-stage evaluation process is further described in Section 6. Those proposals that 
best meet [utility]’s needs may then, depending upon the outcome of the above evaluations, be 
carried forward for further discussion and eventually negotiations of potential agreements 
(Definitive Agreements). There is no commitment by [utility] to enter into negotiations for or to 
ultimately acquire by contract or other means, any resource proposal received as part of this RFP 
process although the intent is for that to be the ultimate outcome. For any resource proposal that 
[utility] does ultimately acquire, it is expected that the ultimate Definitive Agreements will 
embody terms and conditions substantially as described in the prototype power purchase 
agreement and term sheet (if applicable) that are attached to and made part of this RFP.  

This RFP is part of a multi-part and multi-stage resource acquisition program to acquire a diverse 
mix of new resources as [utility]’s electric resource need grows over time. As part of such 
strategy, [utility] anticipates that it will release additional RFPs for other electric resources as 
may be periodically revised and [utility]’s electric resource needs over time.  

2. Products Requested  
This RFP seeks wind electrical generation proposals under two different contracting scenarios: 
(1) Power Purchase Agreements or (2) [utility] ownership arrangements. [Utility] will also 
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entertain arrangements that are combinations of the two scenarios. Two different energy delivery 
scenarios also are sought: (1) as produced or (2) integrated (shaped).  

The “Power Purchase Agreement” scenario anticipates a proposal pursuant to which the 
developer would acquire, construct and retain ownership of the wind resource assets along with 
operating responsibilities with [utility] purchasing all of the output (energy and capacity) and 
environmental attributes at an agreed upon delivery point. A prototype power purchase 
agreement that would be used in this scenario (and a combination of the two scenarios) is 
included as Exhibit 1 to this RFP.  

The [utility] ownership arrangement scenario anticipates a proposal pursuant to which [utility] 
would ultimately own the resource. This may be accomplished at various stages of development 
and using a variety of approaches such as joint development by the developer and [utility], 
development by the developer and then transfer to [utility], initial purchase of power by [utility] 
with transfer of ownership later, or other approaches which may be mutually beneficial. 
Although [utility] is willing to consider a wide range of arrangements, the term sheet included as 
Exhibit 2 to this RFP presumes that [utility] would acquire its ownership interest in the project 
prior to the commencement of construction and would fund its ownership share on a pro rata 
basis.  

The first energy delivery scenario assumes that energy is delivered to [utility] at the time that it is 
produced by the project. Under the second scenario, two options are envisioned, although 
[utility] would welcome additional creative proposals from developers. Under the first option, 
energy is provided in the general shape in which it was produced but is firmed and delivered 
after an agreed upon time period; e.g., one day or one week later. In this way the energy can be 
prescheduled as firm energy. Under the second option, seasonal shaping would be offered such 
that energy deliveries from the generation project would more closely match [utility]’s seasonal 
resource requirements.  

3. Eligible Developers 
This RFP will accept proposals from all third party project developers that meet the project 
requirements and comply with the process guidelines described herein. 

Affiliated generating companies of [utility] are not eligible to respond to this RFP. However, 
[utility] will consider proposals from other utilities or utility subsidiaries. [Utility] believes that 
consideration of proposals from other utilities and/or their affiliates may increase the number of 
qualified developers and thus increase the overall creativity and competitiveness of responses to 
this RFP.  

4. Proposal Requirements 

Proposals shall include the following information:  

4.1 Project Summary. Describe the product(s) being offered in response to the RFP. Proposals 
must clearly specify the contract type (Power Purchase Agreement and/or [utility] ownership) 
and energy delivery type (as produced or integrated) being offered. Any proposal that 
contemplates a Power Purchase Agreement shall indicate the commencement and length of the 
agreement term. For [utility] ownership the proposed date of transfer shall be indicated. Include a 
brief description of the proposed delivery schedule, its relationship to the actual production of 
the project, and, if an integrated (shaped) resource, the means by which the resource would be 
shaped. Briefly summarize the project, including key elements such as the location, total 
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nameplate capacity (in megawatts), expected annual output (in megawatt-hours), expected 
monthly output, type of turbines to be used, source and duration of wind data, interconnection 
plan, transmission arrangements (if applicable), environmental issues, zoning and land use 
issues, permitting status along with known or probable challenges to permits, planned financing, 
financing commitments, proposed construction schedule, other participants in the project (such 
as owners of the project for tax purposes, other output buyers for project expansions, if any), and 
current status and schedule for completion of development and construction.  

4.2 Project Description. The proposal should include a detailed description of the project 
including the project’s features and the development work completed to date. Include the 
following information and indicate if requested information is not known: 

• Project location. Identify the site where the project will be located. Provide a map 
showing the location of key facilities. Provide information regarding the status and terms 
of leases, easements, and/or other ownership documents that demonstrate that the 
developer has control of the intended project properties and the legal rights to construct, 
interconnect and operate the project as described. 

• Project size, in acreage and megawatts. If the project can be expanded, please describe 
the potential scope and conditions.  

• Project layout, showing anticipated placement of wind turbines and other project 
facilities. 

• Description of the land area controlled relative to the locations of the turbines and the 
potential for additional wind energy development. 

• A description of the site including flora and fauna, proximity to inhabited structures, 
proximity to areas that may be sensitive from an environmental, cultural, commercial, 
security or other perspectives. 

• The description, size, number and manufacturer of wind turbines that will be used. 
Provide a summary of the commercial operating experience of the turbine chosen. If a 
final wind turbine selection has not been made, list the candidates under consideration 
and the status and schedule of the selection process and any commitments by the 
manufacturer. For each turbine under consideration, provide the following information:  

o Technical specifications 

o Tower type and proposed hub height 

o Design life 

o Level of certification achieved 

o IEC design wind class (I or II) 

o Power Curve at sea level and average project site air density in 0.5 m/s increments 
(Excel spreadsheet and in written proposal) 

o Summary of performance guarantees and warranty provided 
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4.3 Energy Projections  
4.3.1 Wind Data: Include in the proposal any wind resource assessment report, summarized data 
and underlying source data that have been used to project the energy production of the project. 
These should include:  

• The source and basis of the wind speed data and the wind speed data used in the 
development of the energy projections for the project. 

• The purpose and location of the wind speed data collection, period of record, number of 
on-site and off-site meteorological stations used, data quality assurance procedures, levels 
of measurements and seasonal data recovery, and the organization responsible for the 
data collection and analysis. 

• The name, address and contact information for all meteorological consultants. 

• The methodology used to develop the estimated long-term annual and monthly wind 
speed, hub-height, average annual wind speed and wind speed frequency distribution for 
the project site.  

• Monthly and annual representative hub-height wind frequency distributions at intervals of 
0.5 m/s. Provide these tables in the written proposal and separately as an Excel file. 

• Distribution of expected annual and monthly output (in megawatt-hours) of the project. A 
graph showing the monthly and annual output is suggested as well as tabular values and 
an Excel spreadsheet. 

• Typical hourly energy production from the project for a one-year period in electronic 
format. This will be used to evaluate the hourly variability of the resource. 

4.3.2 Energy Calculation. Provide the analysis used to estimate the annual, monthly, and 
diurnal energy output of the project. This analysis should include as a minimum: 

• Determination of wind speed for individual turbines in the project, to the extent available 
from micro-siting efforts. 

• Calculation of gross energy production using wind speed frequency distribution and 
turbine power curve.  

• Calculation of energy losses with a list and quantification of all sources of losses 
considered and the basis for the quantification. 

• Calculation of net energy output.  

• If the proposal is for an integrated (shaped to [utility] needs) product, the method and 
type(s) of resource to be used to shape the energy production, a description of any 
contractual arrangements necessary to effect such integration or shaping, and the status of 
such arrangements.  

• Provide the as-produced and, if applicable, integrated delivery schedule (see Exhibit 7).  

4.4 Experience and Qualifications of the Project Team. The proposal should contain the 
following minimum information indicating the qualifications of the proposed project team to 
implement and execute a proposal in response to this RFP: 
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• The organizations and key personnel responsible for implementing the project including 
identification of the project manager, his/her tenure, and scope of responsibility.  

• A legal entity organization chart.  

• A managerial organization chart 

• Existing projects owned, developed and/or operated by the developer 

• The personnel or organizations responsible for the following areas:  

o Project wind resource assessment and energy projections 

o Project financing 

o Project design, engineering, procurement and construction specifications 

o Interconnection and substation design 

o Project environmental assessments 

o Project land use and zoning approval 

o Permits and related approvals 

o Regulatory compliance  

o Project construction and commissioning 

o Risk management and insurance  

o Project operations  

o Project maintenance  

• A brief description of relevant experience of the key personnel and organizations for their 
responsibility area listed above. 

• Contacts and references (name, title, address, telephone, e-mail and fax numbers) 
knowledgeable about the previous wind project experience of the key participants in the 
project.  

4.5 Legal & Financial. The proposal should contain the following information as a minimum: 

• A description of the structure and status of the project financing, the significant 
conditions on which the financing depends and the milestones that need to be achieved to 
secure both construction and term financing (as required) to support the project schedule. 

• Identification and contact information for all legal advisors, financial advisors and capital 
providers (debt and equity) for the project to the extent now known or anticipated.  

• Financial statements (as of [ date ]) for the legal entities described in Section 4.4 above 
and for any other individuals or entities that may provide credit support, credit 
enhancement, surety bonds, guarantees, and security plus the most recent audited 
financial statements, if available. 

• A description of the project structure and capitalization during the development, 
construction and commercial operation phases. Describe all anticipated credit support 
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arrangements and appropriate parental, subsidiary and venture relationships pertinent to 
proposal to the extent known. 

• Commitment letters or letters of undertaking from corporations, investment bankers 
and/or commercial bankers indicating that the project has or is able to obtain the 
construction and permanent financing it will require. Describe any caveats and conditions 
to financing commitments such parties may have described. 

• The qualifications of such parties to provide, arrange or assist in obtaining necessary 
financing and credit support arrangements.  

• Audited financial statements, if available, or other financial statements for the most 
recent 12-month period for all entities, including affiliates involved in the proposed 
transaction. This information is intended to provide an indication of the ability and 
willingness of the developer to negotiate in good faith (and to cause its lenders and equity 
partners to do the same). The types of financial and control requirements [utility] may 
require are listed in Section 9.4. 

• A summary of the major project capital and operating expenses and documentation to 
support the reasonableness of the estimate s including an itemized budget with a 
breakdown of projected capital costs, and operating and maintenance costs and a 
breakdown of all costs associated with site acquisition and improvement, permitting, 
project construction, testing and commissioning, compliance with environmental and 
other applicable federal, state, or local regulations, security, and routine operations and 
maintenance activities in accordance with Exhibit 6. 

• Pro forma financial projections showing the project cash flow, income statement, and 
balance sheet, sources and uses of funds, construction draw schedule, and including all 
financing assumptions. At a minimum the pro forma should include the following:  

o Annual energy production and assumed revenue 

o Annual operating expenses including turbine and balance-of-plant operations and 
maintenance costs, general and administrative expenses, asset management fees, 
land leases, property taxes, insurance and other expenses 

o Transmission and ancillary services costs (if any) 

o Debt service requirements 

o Debt coverage ratios (highest year, lowest year, average) 

o Depreciation (tax and book) 

o Income taxes and tax credits  

o Other taxes 

o Working capital requirements 

o Net income 

o Book rate of return to average equity  

o After tax unlevered internal rate of return to capital 
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o After tax levered internal rate of return to capital 

The pro forma should be provided in an Excel spreadsheet file as well as in the proposal.  

4.6 Interconnection Point, Control Area, and Point of Delivery. [Utility] will accept delivery 
of project energy and capacity at the developer proposed Interconnection Point or at [utility]’s 
system. [Utility] will, in its evaluation of proposals excluding delivery to [utility]’s system 
include a quantification of the delivery charges necessary to transport project energy to [utility] 
on a firm basis. Proposals should include a clear statement of the proposed Interconnection Point, 
whether or not the proposal contemplates delivery to [utility], and the proposed entity to manage 
electric grid control area responsibilities. For purposes of this RFP, the term “Interconnection 
Point” shall refer to the point at which the project is connected to the high voltage transmission 
system. Include all details of planned electrical interconnections and related transmission 
services, including:  

• Planned interconnection point, including status of  

o Interconnection requests 

o System impact studies 

o Facility studies 

o Interconnection agreement(s) 

o A communication plan in support of control area responsibilities 

o Potential alternatives to interconnection arrangements, if any 

o Contacts at the interconnecting utility that may be contacted by [utility] 

Plans for metering including a detailed description of how the metering of actual output 
of the project shall be determined. 

• Planned transmission services, if any, to be included with proposal, including cost for 
firmed energy and status of 

o Transmission services secured and/or requested by developer 

o System impact studies 

o Facility studies 

o Expected availability of the transmission 

o Detailed costs estimates of transmission services with supporting detail 

o Contact information for representatives of the transmission provider that may be 
contacted by the review team concerning such transmission arrangements.  

Include copies of any completed System Impact Studies performed by transmission providers, 
and all other information/correspondences obtained from transmission providers as a result of 
interconnection and transmission requests and discussions that have been made to date. In the 
absence of official studies, any information available concerning the 
transmission/interconnection costs and reliability should be provided with as much supporting 
documentation as possible 
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4.7 Project Development Status and Schedule. The proposal should provide the following 
information concerning the status of project development activity.  

4.7.1 Schedule. Provide, in a format such as a Gantt chart, the best schedule estimates available 
on the various project activities covering the period from the initiation of site control and on-site 
wind resource measurements on site through the project’s proposed commercial operation date. 
Include a schedule item for each significant project development, interconnection and 
construction activity including receiving formal notice to proceed from utility when awarded. 
Provide any additional time lines applicable to the project that will demonstrate its status and 
plans. Indicate what actions have been taken or will need to be taken to ensure the schedule is 
met (such as placing orders for equipment with long lead times) and potential opportunities to 
improve the schedule.  

4.7.2 Site Control. Provide status of site control, including wind rights, access road, and 
transmission corridor easements needed to construct, interconnect, operate, and maintain the 
facility in terms of percent complete and a schedule for finalizing the work. Example easement, 
lease or lease option agreements with landowners and other documents that demonstrate the 
extent of site control and the legal rights to execute the project as described may be included as 
attachments.  

4.7.3 Environmental Review. Discuss known environmental issues relative to the development 
and operation of the project, including visual impacts, avian issues and baseline noise levels. 
Provide copies of all wildlife or other environmental studies and assessments that have been 
performed related to the site and the project. Describe methodologies for such studies and 
identify the person(s) or firm(s) who conducted and completed the work. If such studies are in 
progress, describe the scope and schedule for completion and identify the person(s) or firm(s) 
doing the studies and methodologies to be employed. Describe measures that will be taken to 
minimize the potential for avian mortality, noise, and visual impacts of the project. Discuss plans 
to engage community and environmental stakeholders to support the proposed project. 

4.7.4 Permits. Identify all project permits with special emphasis on the key permits (such as a 
conditional use permit or site certificate) required to build and operate the project. Discuss the 
current status of applications and proceedings, the schedule for obtaining key permits and 
approvals, and the approach to be used. Outline the process planned to involve local residents, 
and other affected parties in the planning/permit process.  

4.7.5 Interconnection/Transmission Construction Requirements. Based on the identified 
interconnection point discuss all related construction plans, status and schedule for: 

• New pole lines 

• Line upgrades 

• Switchyards and substation work required to complete the interconnection 

• Metering and communications, both by the developer and the interconnecting utility 

• Easements, rights of way, or property controlled for any new transmission facility or 
otherwise to interconnect the wind project 

Include the status of control over required right of ways for any new transmission facility 
required. Include information on ownership and maintenance responsibility, and the availability 
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of long-lead time electrical equipment, such as transformers, that will be required to support the 
project. Metering information should include a detailed description of how the metering of actual 
output of the project shall be determined and how the metering configuration was included in the 
determination of project output.  

4.7.6 Construction. Describe arrangements and commitments (contracts, letters of intent, 
memoranda of understanding) that have been made, if any, for the construction of the project.  

4.7.7 Testing. Summarize the testing planned to be conducted prior to acceptance of the turbines 
from the manufacturer and completion of the project and the testing to be conducted prior to 
commercial operation of the project. Possible tests should include power performance for the 
turbines and the project, availability tests, SCADA acceptance, distribution system acceptance, 
and others that demonstrate performance of the project and associated facilities in accordance 
with applicable laws, regulations, permits and the power purchase agreement.  

4.7.8 Operation & Maintenance. The proposal should clearly describe the operations and 
maintenance plan for the project including the identity of the entities or persons responsible for 
key activities and a listing of initial spare parts and their approximate value, the procedures to 
assure the availability of spare parts and other operations, maintenance and logistics issues.  

5. Price Proposal(s). [Utility] envisions several potential options for project pricing. For Power 
Purchase Agreements, these include: 

• A fixed price per kWh for energy and Environmental Attributes produced. 

• Fixed annual or monthly payments to the project to offset operations, maintenance and 
ownership costs. 

• Fixed plus variable cost payments. 

• A combination of the above or other suitable alternatives that may be proposed. 

• All other things being equal, [utility] prefers a pricing structure that closely mirrors the 
actual cost structure of the project. In this way, the developer’s and [utility]’s interests 
with respect to power scheduling and dispatch are aligned.  

For [utility] ownership arrangements, alternative purchase terms may include: 

• Purchase by [utility] of the development rights at the completion of the development 
stage with design, procurement and construction being the responsibility of [utility] with 
the possibility of a limited continuing role for the developer. 

• Outright purchase and operation of the project by [utility] at the date of commercial 
operation or at the end of the wind turbine warranty period (developer to provide training 
to [utility] operating personnel) 

• Joint development and ownership by [utility] and the developer.  

• Purchase of the project by [utility] with developer having principal responsibility for 
continued development and operation. 

• Purchase of the project by [utility] at commercial operation with operation by the 
developer (or the developer’s designee, such as the wind turbine manufacturer) for a 
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specified time period during which time developer would provide training to [utility] 
operating personnel. 

• A combination of the above or other alternatives that may be proposed by the developer.  

Price proposals must specify fixed and variable payments, escalation rates to be applied if any, 
and all other pricing information necessary for [utility] to fully evaluate the proposal. In all 
cases, proposers should contemplate in their price proposal that the prototype power purchase 
agreement and term-sheet for [utility]’s purchase of an interest in the project as applicable, 
attached to this RFP will be the basis for any potential Definitive Agreement with [utility].  

6. Environmental Attributes 
All proposals must state that any and all Environmental Attributes associated with the project 
will accrue to the ownership and beneficial use of [utility].  
 
7. Other Requirements  
7.1 Signature and Certifications. The proposal must contain the signature of a duly authorized 
officer or agent of the developer submitting the proposal. The developer’s duly authorized officer 
or agent shall certify in writing that: 

• The developer’s proposal is genuine; not made in the interest of, or on behalf of, any 
undisclosed person, firm, or corporation; and is not submitted in conformity with an 
agreement of rules of any group, association, organization, or corporation. 

• The developer has not directly or indirectly induced or solicited any other developer to 
submit a false or sham proposal. 

• The developer has not solicited or induced any other person, firm, or corporation to 
refrain from proposing. 

• The developer has not sought by collusion to obtain for himself/herself any advantage 
over any other developer. 

7.2 PTC Risk not Borne by [Utility]. All proposals shall acknowledge and state that [utility] 
disclaims and shall not assume any risk associated with the potential expiration of the Federal 
Production Tax Credit (PTC) on December 31, 2003, or the developer or other project entity’s 
ability to utilize the PTC.  

7.3 No Reassignment. All proposals shall state that in the event developer and [utility] negotiate 
and execute Definitive Agreements based on developer’s proposal, the Definitive Agreements 
and obligations thereunder shall not be sold, transferred or assigned or pledged as security or 
collateral for any obligation without the prior written permission of [utility]. 

7.4 Conflict of Interest Disclosure. All developers shall disclose in their proposal any and all 
relationships between themselves, the project and/or members of their project team and [utility] 
or its employees.  

7.5 Validity and Deadlines. All proposals shall specify the date through which the proposal is 
valid. Proposals must also state the dates by which Definitive Agreements must be completed 
and approved by the board of directors or other management body of [utility] and developer to 
support the proposed project schedule.  
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8. Credit Requirements.  
[Utility] reserves the right to require adequate credit assurances which may include, but not be 
limited to, a corporate parental guaranty and/or a letter of credit in a form, amount, and from a 
corporate parent or a financial institution acceptable to [utility]. In the event [utility] anticipates 
that additional credit assurances may be required from a developer, [utility] reserves the right to 
request that the developer reply in writing regarding its intent to provide such credit assurances 
prior to the beginning of negotiations on any Definitive Agreement. “Adequate credit 
assurances” shall include, but not be limited to, the value associated with market-based 
liquidated damages for failure to perform, delays in construction, failure to meet minimum wind 
turbine availability levels and/or other forms of default or non-performance. Please see Section 
9.2.5 of this RFP regarding the Evaluation Process for matters that [utility] will consider in 
evaluating the structural and financial risk associated with project proposals. The developer 
should be aware that [utility] may require negative control in addition to any that may be 
included in the prototype power purchase agreement (Exhibit 1) or prototype term sheet (Exhibit 
2) in any or all Definitive Agreements that developer or [utility] might execute in connection 
with developer’s proposal.  

9. Evaluation Process 
Those eligible proposals which meet the initial threshold size requirement of [ __ ] MW of 
nameplate capacity, will be subject to one or both stages of the following two stage evaluation 
process:  
9.1 First Stage Evaluation. In stage one, eligible proposals will be examined and evaluated by 
[utility] according to the following criteria:  

• Resource price ranking as compared to [utility]’s estimated avoided costs for generic 
wind power resources (see Exhibit 3 to this RFP). The particular set of avoided costs used 
will depend upon whether the proposal contemplates a power purchase agreement, 
[utility] ownership, or some combination. All transaction costs such as taxes and risk 
transfer will be included in the evaluation.  

• Project Size & Monthly Production: Individual proposals must offer at least [ __ ] MW of 
nameplate capacity. [Utility] prefers resources of larger size and which provide monthly 
energy well matched to its load requirements as illustrated in Exhibit 4 to this RFP. An 
initial evaluation of the quality of the wind resource data submitted by developer will be 
made during this stage. 

• Whether the proposal is for a new or recently completed project: One of the objectives of 
this RFP is to aid in the development of new wind resources and thus to aid in a sustained 
and viable wind industry. To that end, and given other considerations, [utility] will prefer 
new resources to resources already existing.  

• Proximity and availability of transmission and the status and schedule for completion of 
the necessary transmission agreements. The developer shall be responsible for arranging 
for the transmission interconnection with the high voltage transmission system and for 
projects located outside of [utility]’s control area, transmission to agreed to point(s) on 
[utility]’s transmission system. 
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• Status and schedule for completion of development of the project including financial 
resources of the developer and progress made in securing necessary permits, land, 
hardware and other factors necessary for a completely commercially operational project. 

• Proposed date of commercial operation and full availability of the project. To help ensure 
maximum benefits to [utility]’s customers, [utility] prefers proposals that provide 
substantial assurances that the project will be on-line by [ _______ ]. This is to capture 
the benefit of a bonus tax depreciation schedule that will result in lower cost to [utility]’s 
customers. However, projects with later on-line dates will be evaluated. 

• The type of proposal, e.g., power purchase agreement or [utility] ownership, or 
combination. All other factors being equal, ownership is of significant interest to [utility] 
and long-term power purchase agreements (up to 20 years or longer) are preferred over 
short-term 

• Experience and successful history of development of similar wind projects. 

• Project Location: Must be located in [ _______________ ], with preference given to sites 
within [utility]’s service area that contribute to economic development of the host 
community consistent with local community preferences.  

Those proposals that best meet, in [utility]’s sole judgment, the above criteria and provide a 
sufficient amount of resource will then be subject to a second stage evaluation.  

9.2 Second Stage Evaluation. In stage 2, [utility] will evaluate proposals within [utility]’s 
portfolio of existing and anticipated future resources. The following criteria will be used in stage 
2:  

9.2.1 Portfolio Analysis. [Utility]’s evaluation of wind power proposals submitted in response to 
this RFP will include an analysis of the net impacts of each proposal on cost and risk for 
[utility]’s overall electric resource portfolio. This analysis will go beyond evaluation of proposals 
on a stand-alone basis. The portfolio analysis for a given proposal will assess how the proposed 
resource (including proposal costs, transmission costs, integration costs, seasonal shape of 
generation, etc.) would interact with other existing and planned resources in [utility]’s overall 
portfolio and with [utility]’s retail electric loads. The analysis will also take into account imputed 
debt effects associated with power purchase agreements, end-effects for resources with different 
lives, and other factors. The results of the portfolio analysis will include impacts on 20-year net 
present value of costs for the overall portfolio and impacts on portfolio risk (measured as 
variability in portfolio costs).  

An estimated integration cost will be included in the portfolio analysis which will quantify, to the 
extent known, the cost of integrating the wind resource into [utility]’s system on a real-time and 
other bases. Integration costs will be based upon [utility]’s best estimate at this time but it is 
recognized that the information to analyze integration cost are not currently well known and will 
constitute [utility]’s best estimate only. [Utility] intends to continue with its acquisition of wind 
resources through this RFP process and will further evaluate and refine the integration costs as 
[utility] gains experience with wind resources and the integration of wind resources into its 
electric resource portfolio and system.  

9.2.2 Risk. An important component of the analysis of proposals will be consideration of risk to 
[utility] and its customers. [Utility] will evaluate risk in two ways: 1) Cost uncertainty, price 
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volatility, production uncertainty and other such factors which can be included into the Portfolio 
Analysis in Section 9.2.1 above; 2) Other uncertainties which will be evaluated but do not lend 
themselves to numerical analysis. These include such things as uncertainties or other risk 
associated with technology, performance, operations, transactional, vendor support, construction, 
project completion, schedule, capital cost, and others.  

9.2.3 Ability of Project to Deliver as Proposed. The third evaluation criterion within stage 2 
will be a more detailed assessment of the project’s ability to deliver the level of energy expected 
over the proposed term of the project. This will be assessed using some or all of the following 
criteria: 

• Probability of meeting the proposed commercial operation date 

o Reasonableness of project schedule 

o Permit status and difficulty 

o Long lead time equipment commitments 

o Reasonableness of project budgets and pro forma 

o Probability of financing 

o Feasibility of interconnection and status of process 

o Ability to document proposed financial transaction within schedule requirements 

• Confidence in long-term energy projections 

o Quality and quantity of on-site data 

o Long-term reference data 

o Experience of the parties making the energy projections 

o History of proposed turbines 

o Written opinion and analysis of a nationally recognized meteorological consultant 
as to the reasonableness of the amount and shape of energy production.  

9.2.4 Experience of the project team. This evaluation criterion will consider the factors listed 
in Section 4.4 of this RFP.  

9.2.5 Guarantees, Security and Credit Worthiness. This evaluation criterion will include an 
assessment of the credit-worthiness of developer and any person that would provide any 
guarantees and security offered to [utility] in the proposal.  

9.2.6 Environmental and Public Purpose. This criterion will include an assessment of the 
magnitude of potential environmental impacts, the thoroughness of the plan to identify and 
mitigate those impacts regardless of whether the proposal results in a new wind resource being 
added, and level of support or opposition from external stakeholders.  

9.3 Results of Stage 2 Evaluation. At the completion of the stage 2 evaluation, [utility] will 
select proposals for further discussion with the developer(s) and potentially move forward with 
negotiations of the terms and conditions of Definitive Agreements.  

10. Post-Proposal Negotiations and Awarding of Contracts  
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It is [utility]’s intent to negotiate both price and non-price factors during any post-proposal 
negotiations with a developer whose proposal is selected for further discussions at the 
completion of the stage 2 evaluation. It is also [utility]’s intent to include any additional factors 
that may impact the total cost of a project and to continually update its economic and risk 
evaluation until such time as [utility] and developer might execute Definitive Agreements. As 
part of the continuing evaluation of the proposal, [utility] may require the developer to fund the 
fees and cost of a third party selected by [utility] to review and verify the wind resource and 
energy estimates.  

Definitive Agreements, if any, would be based on the outcome of these continuing evaluations 
and negotiations. [Utility] has no obligation to enter into a Definitive Agreement with any 
developer responding to this RFP and may terminate or modify this RFP at any time without 
liability or obligation to any developer. This RFP shall not be construed as preventing [utility] 
from entering into any agreement that it deems prudent at any time before, during, or after this 
RFP process is complete. [Utility] reserves the right to negotiate only with those developers and 
other parties who propose transactions that [utility] believes, in its sole opinion, to have a 
reasonable likelihood of being executed substantially as proposed.  

11. RFP Schedule 
The RFP process will occur in accordance with the following schedule: 

• [ _______ ] Issue Draft RFP 

• [ _______ ] [utility] Public Meeting on Draft RFP 

• [ _______ ] End of 60-day comment period on Draft RFP 

• [ _______ ] Regulatory Approval of RFP 

• [ _______ ] Issue Final RFP 

• [ _______ ] Hold Pre-Proposal Conference 

• [ _______ ] Responses Due 

• [ _______ ] Select Short-Listed Proposals, Notify Developers 

• [ _______ ] Execute Letter(s) of Intent 

The above schedule is subject to adjustment based upon regulatory review. 

12. Contact Information and Submission of Proposals 
A sealed original of the proposal, along with all attachments and electronic files shall be 
submitted via mail, courier service, or hand delivery to [utility] at the address listed below. All 
responses must be received by no later than [ time and date ]. Questions and requests for 
additional information should also be directed to the individual and address listed below. All 
costs to participate in this RFP process, including preparation of proposals, negotiations, etc. are 
the responsibility of the developer.  

Contact for proposal submittals, questions and requests:  

• [name], [title], [phone], [fax], [email] 

• Address for mail: [ ______________ ] 
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• Address for courier or hand delivery: [ _______________]  

13. Confidentiality and Disclosure 
Except as required under law or for regulatory purposes, [utility] will maintain confidentiality of 
the information contained in submitted proposals. Only [utility] employees, legal counsel, 
financial advisors or other contractors who are directly involved in this RFP process, or who 
have need to know for business reasons, will be allowed to view submitted proposals. 

Developers shall clearly identify portions of their proposals that they do not want revealed to 
third parties by marking those portions of the proposal “Confidential” on every page. If [utility] 
is requested to provide such information, developer shall be responsible for defending the 
confidential status of the information. The developer shall be responsible for legal and all other 
costs incurred to protect their confidential information.  

As required by law, [utility] will make available to the public a summary of all proposals 
received and the final ranking of all such proposals. All information supplied to [utility], or 
generated internally by [utility], shall remain the property of [utility] and shall not be available to 
any entity before, during, or after this RFP process unless required by law or regulatory order. 
Proposal and all related material will not be returned to developers. [Utility] will retain all 
information pertinent to this RFP process for a period of at least 7 years or until [utility] 
concludes its next general electric rate case, whichever is later.  

Additionally, the models and data used by [utility] in its evaluation process will not be provided 
to developers or other third parties unless required by law, regulatory order, or business need. 

A standard Confidentiality Agreement is included as Exhibit 5 to this RFP. Developers must sign 
the Confidentiality Agreement and include two signed originals with their proposal. [Utility] will 
countersign the Confidentiality Agreement and return one fully executed agreement to the 
developer. 

14. Exhibits 
1. Prototype Power Purchase Agreement 

2. Prototype Ownership Term Sheet 

3. Avoided Cost Schedule 

4. [Utility] Monthly Resource Need 

5. Mutual Confidentiality Agreement 

6. Template for Financial Pro Forma  

7. Template for Energy Delivery Schedule 
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Annex F-4 
Example of a solar thermal 
training course  
(Source: proSTO 2010) 
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1. Solar radiation and their use  
(solar radiation and their variation (astronomical and meteorological 
bases), influence of orientation and tilt angle of the solar collector, 
influence of dust cleaning, advantages of solar systems versus 
climate change), 

2. Components of solar thermal systems 
b. how a solar system works, 
c. type of collectors, collector accessories, solar collectors 

characteristics (stagnation temperature, optical performance, 
thermal performance, collector characteristic curves), 

d. heat stores (storage materials, heat stores stratification, 
thermostatic mixing valves, types of heat stores, piping 
connection, legionella contamination), 

e. solar circuit (pipelines, solar liquid, solar pumps, solar heat 
exchanger, flowmeters, safety devices, rapid air bleeders, return-
flow prevention), systems for heating domestic water, systems 
for heating domestic water and space heating, 

f. controllers (temperature difference control principles, digital 
controllers, temperature sensors, overheating protection), 
systems for single-family houses (comparative analysis of 
systems, auxiliary heating systems), 

3. Systems for single-family houses 
a. systems for heating domestic water, 
b. systems for heating domestic water and space heating, 
c. planning and dimensioning, 
d. materials selection, 
g. costs and yields (prices versus performance, normalised solar 

heat costs), 

4. Installation, commissioning, maintenance and servicing 
a. overview of building façade and components, and their 

materials, 
b. installation methods and safety, 
c. solar system components installation, 
d. setting up, maintenance and servicing, 

5. Large-scale systems 
a. designing the solar system composition (solar collectors, stores, 

heat exchangers, piping, etc.) and size, 
b. auxiliary systems, 
c. control of the systems, 
d. techno-economic analysis, 
e. solar district heating, 
f. solar contracting, 

6. Solar heating of open-air swimming pools 
a. components, 
b. system, 
c. planning and dimensioning, 
d. installation, 
e. operation and maintenance, 
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f. costs and yields 

7. Simulation programs for solar thermal systems 
a. data sheets preparation, 
b. evaluation of simulation results, 
c. simulation with shading, 
d. description of a simulation program, 

8. Marketing and promotion 
a. solar marketing, 
b. comparative techno-economical analysis of products, 
c. European directives and white papers 

9. Quality qualification 
a. thermal solar systems and components standards, 
b. certification schemes, 
c. testing of installation techniques, 
d. certification preparation. 
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Annex F-5 
EU energy label 
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Appliance EU Directive 
Refrigerators, freezers and their 
combinations 

2003/66/EC amending directive 
94/2/EC 

Electric ovens 2002/40/EC 
Air-conditioner 2002/31/EC 
Lamps 98/11/EC 
Dishwashers 97/17/EC 
Washing machines 95/12/EC 
Tumble driers 96/13/EC 
Combined washer-driers 96/60/EC 
 
Explanations to EU label classifications 
 
Refrigerators and freezers  
 
The number is calculated according to the consumption and the 
compartments' volume of the appliance. 
This is an index without a unit.  
A++ A+ A B C D E F G 

<30 <42 <55 <75 <90 <100 <110 <125 >125

 
Washing machines  
 
For washing machines the energy efficiency scale is calculated using a 
cotton cycle at 60°C (140°F) with a maximum declared load. This load is 
typically 6 kg. 
The energy efficiency index is in kWh per kilogramme of washing.  

A B C D E F G 

<0.19 <0.23 <0.27 <0.31 <0.35 <0.39 >0.39

 
Tumble driers 
The energy efficiency index of tumble driers equates to the energy 
consumption in kWh per kg of load is calculated using a ‘dry cotton’ drying 
cycle. It is differentiated by air-vented driers and condensing driers: 

A B C D E F G 

<0.51 <0.59 <0.67 <0.75 <0.83 <0.91 >0.91

 

A B C D E F G 

<0.55 <0.64 <0.73 <0.82 <0.91 <1.00 >1.00
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Combined washer-driers 
 
For combined washer-driers the energy efficiency is calculated according to 
the energy consumption in kWh of the complete operation, consisting of a 
cotton cycle at 60°C and a dry cotton cycle. 

A B C D E F G 

<0.68 <0.81 <0.93 <1.05 <1.17 <1.29 >1.29

 
Dishwashers  
 
The energy efficiency is calculated according to the number of place 
settings. 
For the most common size of appliance, the 12 place setting machine the 
following classes apply. The unit is expressed in kWh per 12 place settings.  
 

A B C D E F G 

<1.06 <1.25 <1.45 <1.65 <1.85 <2.05 >2.05

 
Ovens 
For ovens the energy efficiency only depends on the energy consumption in 
kWh based on standard load. It is differentiated by small, medium and large 
volume cavities. 
 

A B C D E F G 

<0.6 <0.8 <1.0 <1.2 <1.4 <1.6 >1.6

 
A B C D E F G 

<0.8 <1.0 <1.2 <1.4 <1.6 <1.8 >1.8

 
A B C D E F G 

<1.0 <1.2 <1.4 <1.6 <1.8 <2.0 >2.0
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Light bulbs  
 
The label shows the classification of the lightbulb's electrical consumption 
relative to a standard (GLS or incandescent) light bulb that produces the 
same brightness (lumen). 
 
Class A & B Energy savers fall in to these categories. 

They are the most efficient type of light bulb and 
use up to 80% less energy than standard GLS light 
bulbs. 

Class D Mains voltage halogen bulbs usually fall into this 
category. 

Class E & F Standard incandescent light bulbs are the least 
efficient alternatives. 

 
A B C D E F G 

20-50% 50-75% 75-90% 90-100% 100-110% 110-125% >125% 
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Annex F-6 
Background information  
for a public energy efficiency 
campaign especially for 
households 
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1. General information 
Firstly, it is important to get an impression about the different electricity 
consumption of various appliances. There are two figures below which give 
information about typical shares of appliances of total yearly electricity 
consumption in Bahamian households. The first figure shows the typical 
shares in houses without Air Conditioning (AC). The second graphic 
represents households in which AC is used. Hereby, the relative shares of 
the other appliances are diminished. But absolutely their consumption is as 
high as in houses without AC. Please remark that households without AC 
already save about 10% of electricity consumption compared to houses in 
which AC is used.  
 

Typical shares of electricity consumption in normal houses 
 - No use of AC - 

20.3%

8.9%

16.9%

3.2% 15.2% 2.1%

15.5%

5.1%

12.8%

Lighting Fans Hot water
Cooking incl. Microwave Refrigerator, Freezer Washing (dishes and cloth)
Dryer Electronics Stand-By

 
 

Typical shares of electricity consumption in normal houses
- Use of AC -

11.0%
17.4%

14.2%

7.7%

14.5% 2.8% 13.1%

4.3%

1.8%

13.3%

Lighting Air Conditioning
Fans Hot water
Cooking incl. Microwave Refrigerator, Freezer
Washing (dishes and cloth) Dryer
Electronics Stand-By

 
 
The unit for billing electricity is the kilowatt hour (kWh). It comes from 
Watt (W), which is a unit for measuring the rate of energy conversion. 
Energy in kWh is the multiplication of power in W and time in hours 

http://en.wikipedia.org/wiki/Energy�
http://en.wikipedia.org/wiki/Product_%28mathematics%29�
http://en.wikipedia.org/wiki/Power_%28physics%29�
http://en.wikipedia.org/wiki/Watt�
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divided by 1000. For all following calculations it is assumed that one kWh 
costs $0.25. 
 
If you want to be aware of your monthly or yearly electricity consumption, 
it is important to keep your electricity bills. So you get the chance to 
monitor your consumption. Improvements in saving electricity can be 
noticed. If you use AC, you may find out that your electricity consumption 
during summer month is significantly higher than during the month of the 
rest of the year. This depends on the additional electricity demand of the AC 
system during its runtime. Generally, the more people are living in one 
household, the lower the electricity consumption per person 
 
Moreover you can compare your own electricity consumption with the 
following benchmark. For that, you need to add up all monthly electricity 
consumption over the period for one year before you can make a 
comparison. 
 
Benchmark, electricity consumption per person and year: 700 kWh 
 
If you use 1,300 kWh or more per person and year, there is an urgent 
necessity to reduce your electricity consumption. If you use 700 kWh per 
person and year or less, your electricity consumption is appropriate and 
probably you are already an aware electricity consumer. Nevertheless you 
can try to save even more. If your electricity consumption is somewhere 
between 700 and 1,300 kWh per year and person you should aim to long-
term lower it to 700 kWh. 
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2. Lighting 
The electricity consumption for lighting is the biggest share of the overall 
electricity consumption in households. Fortunately there are many ways to 
reduce the consumption for the lighting appliances. It is necessary to 
distinguish between indoor and outdoor / security lighting. 
 
2.1 Indoor lighting 
Generally indoor lighting should only be used in occupied rooms and when 
daylight does not spend enough brightness.  
 
All bulbs should be replaced by energy-saving bulbs (CFL = compact 
fluorescent light). They are much more efficient and their lifetime is 6 to 12 
times longer, compared to incandescent bulbs. Moreover they produce about 
75% less heat and can save cooling cost as well. In Bahamian houses, where 
all bulbs were replaced by CFLs, the share of the lighting at the total 
consumption could be cut down to 10%. 
 
Example: “replacement of old bulbs by energy-saving bulbs (CFL)” 
Typically used bulbs in Bahamian houses are those which have a capacity of 
60 Watts. Given, they are used for averagely 4 hours per day at 365 per 
year, this leads to an electricity consumption of  87.6 kWh or $21.9 per 
year. 
 
A 60 Watt conventional bulb could be replaced by a 14 Watt CFL, which 
leads to a consumption of 20.44 kWh or $5.11. 
 
Saving: 
According to these calculations the replacement of one 60 Watt 
incandescent bulb by a 14 Watt CFL results in a saving of 67.16 kWh or 
$16.79 per year.  
 
What’s important to know, when buying energy saving-bulbs? 

CFLs cost a bit more than incandescent bulbs. But you can be sure that these 
additional costs are compensated by their longer lifetime and the 
significantly lower electricity consumption. There are different kinds of 
bulbs. They are available in sizes and shapes to fit in almost any fixture. Be 
sure to buy bulbs accredited by the US-American label ENERGY STAR®. 
Another important aspect is to choose the right capacity. The following 
table shows, which kind of incandescent bulbs can be replaced by which 
types of CFLs. Generally, the higher the capacity of the bulb you are going 
to replace, the higher the expected saving (see table). 
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Old (incandescent 
bulb) 

New (CFL, energy-
saving bulb) 

Saving per year and 
bulb58 

15 Watt 3 - 5 Watt 16 kWh or $4 

25 Watt 5 - 7 Watt 28 kWh or $7 

40 Watt 7 - 9 Watt 47 kWh or $12 

60 Watt 11 - 16 Watt 67 kWh or $17 

75 Watt 15 - 20 Watt 83 kWh or $21 

100 Watt 20 - 23 Watt 114 kWh or $28 

 
2.2 Outdoor / security lighting 
Outdoor lighting is often used when home entrances should be well-lit as 
well at evening hours when it is already dark, but the entrances are still in 
use. For that case it may be good to install a clock timer or a dimmer switch. 
The use of these devices ensures that the outdoor lighting is only turned on 
when necessary. 
 
Often security lights are turned on during the whole nighttime depending 
on safety reasons. This causes significant electricity consumption. In many 
cases it may not be necessary to keep the security lighting turned on 
constantly during the whole night. The runtime of the security lighting can 
be reduced by the use of motion detectors. The following example 
demonstrates the possible savings caused by the use of motion detectors. 
 
Example: “motion detector” 
The typically used security lamp consists of two lights and has a total 
capacity of 150 Watt. Given, one of these lamps is used for 365 days per 
year and 10 hours per night, this concretely means a consumption of  547.5 
kWh which costs you $136.75. 
 
If a motion detector with a assumed capacity of 4 Watts is installed 
additionally, the illumination time of the security lamp can be cut down to 
about 10 minutes per hour. This concretely means a consumption of 105.85 
kWh, which costs you $26.46. 
 
Saving: 
According to this the installation of a motion detector can cause yearly 
electricity savings per lamp of 441.65 kWh. This equals to $110.29. If you 
use more than one security lamp, this figure can be multiplied by the 
amount of the lamps to calculate the total possible savings. 
 

                                                 
58 Assumption: runtime: 4 hours per days at 365 days per year, rounded values 
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Outdoor lighting 130 Watt - potential savings 

Old New Savings per year 
150 Watt 150 Watt with motion detector 

10 hours per day 10 minutes per 10 hours per day 

442 kWh = 
$110 

 
3. Water heating 
As shown at the beginning, about 15% of the total electricity consumption is 
used for the preparation of hot water. For heating up the domestic water, 
most Bahamian households use hot water tanks which run on electricity. 
Hot water tanks should be insulated well, if they are placed within your 
home (cooled area) to prevent heat losses. Furthermore, the hot water 
consumption can be reduced by turning down the thermostat (if available) of 
the water tank.  
 
Generally there are systems apart from electricity based hot water tanks with 
a significant higher efficiency. First of all, it’s important to know that water 
heating systems which run on natural gas or propane are much more 
efficient than those running on electricity. If you are thinking of replacing 
your hot water tank, two other kinds of systems should be taken into 
account. When buying new stuff, be sure to choose ENERGY STAR® 
labelled products. 
 

• A continuous-flow (or tank less) water heater instantly heats 
water as it flows through the device and does not retain any water. 
The main advantage compared to tank systems is lower energy 
consumption depending on significantly lower radiation losses. The 
replacement of a large and badly insulated storage tank by a 
continuous-flow water heater can lead to a reduction of electricity 
consumption of up to 40%. Regarding your total electricity 
consumption, thereby you can reach a reduction of electricity 
consumption of up to 6%. 

 
• If you have an unshaded south-facing roof area, the best is to install 

a Solar Water Heater. It does not need any energy apart from that 
provided by sun, which is obviously freely available. The initial 
costs are typically higher than that of tank systems. But if they are 
once installed they are no running costs. Moreover you should install 
a hot water intake at your washing machine and thereby you can 
save even more energy. It is possible to prepare nearly the total 
amount of hot water by a Solar Water Heater. So the energy 
consumption for providing hot water can be reduced by up to 90% 
which means a reduction of the total electricity consumption by 10 
to 15% in compared to the use of an electric hot water tank.  
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Water heating in a 4-person household - potential savings 

Old New Savings per year 

Continuous-flow water heater 560 kWh = $140 
Electrical boiler, hot 

water tank59 
Solar water heater 1260 kWh = $315 

 
4. Cooling 
The electricity consumption for cooling accounts for a large part of the 
electricity consumption in households as well. There are different ways to 
generate comfortable living temperatures, such as passive cooling measures, 
ventilation and air conditioning (AC). The different possibilities and 
corresponding efficiency measurements will be explained now. 
 
4.1 Passive cooling measures 
Passive cooling measures do not use electricity. When they are once 
installed, they are available all the time and generally do not need much 
maintenance. In fact, houses heat up depending on solar irradiation. The 
best thing for diminishing the heat gain is to prevent their absorption by the 
house. This can be realized in different ways 
 
One way is to arrange an adequate landscaping. If your home is surrounded 
by asphalt or concrete buildings it tends to heat up faster than in a 
surrounding consisting of bushes, huge trees or lawn. In fact, summer 
daytime air temperature can be 3° to 6° F cooler in tree-shaded 
neighborhoods than in treeless areas. 
 
Another, more structural measure is to paint dark roofs or dark outer walls 
in bright colors. Traditionally dark-colored roofing materials strongly 
absorb sunlight, making them warm in the sun and heating the building. 
White or special “cool color” roofs absorb less sunlight, staying cooler in 
the sun and transmitting less heat into the building. This reduces the need 
for cooling energy if your home is air conditioned or simply lowers the 
indoor temperature if the building is not cooled and thereby makes your 
more comfortable. All in all: if your building’s roof is white colored your 
home stays cooler. If you use AC, by painting your roof from dark to white, 
you can save 15% of the annual energy consumption for AC. 
 
If you want to find out more about how structural roof measures can help 
you to reduce your electricity consumption, you can visit the “DOE cool 
roof calculator” at the DOE website (link: 
http://www.ornl.gov/sci/roofs+walls/facts/CoolCalcEnergy.htm) 
 

                                                 
59 Assumption: hot water boiler uses 350 kWh per year and person 

http://www.ornl.gov/sci/roofs+walls/facts/CoolCalcEnergy.htm�
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Colouring dark roofs white at a 4-person household - potential 
savings 
Old (dark colour) 60 New (white colour) Savings per year 

Consumption: 1400 kWh 
per year 

Consumption reduction by 15% 
Consumption: 1190 kWh per 

year 

210 kWh = 
$52 

 
Moreover it is very efficient to diminish the solar irradiation through 
windows by window shading. The best is to use outside shutters. Then the 
heat irradiation is reflected before entering the house. Apart from outside 
shutters there are other products, such as screens or roller blinds. The 
simplest way is the installation of inside sun curtains. The following table 
shows the effects of the different shading technologies 
 

Shading technology Reduction of solar irradiation 

Sun curtains 10% 

Venetian blinds 30% 

Outside shutters 70% 
 
4.2 Ventilation 
Ventilation can be used in two ways for keeping your house cool. The first 
possibility is to use natural ventilation which does not use electricity. 
Cross ventilation can be especially evoked during nighttime depending on 
open windows or roof openings. The second way is the use of fans. They 
run on electricity but their consumption is lower than that of AC systems. 
Whole house fans can be used for cooling houses by pulling cool air through 
the house and exhausting warm air through the attic. Please remark, that the 
electricity consumption of fans is responsible for averagely 7 to 9% of the 
total electricity consumption in Bahamian households. Accordingly there is 
a great saving potential and fans should only be used in occupied rooms. 
 
4.3 Air conditioning (AC) 

If you use an AC system the first step is to ensure its efficient usage. Very 
important is to place the chiller of the AC system in a shaded area to 
increase efficiency and thereby lower its electricity consumption. 
Furthermore, the use of a digital controller or a programmable thermostat 
for the AC unit allows an accurate setting of the temperature. The 
temperature set point should be checked regularly. Keep the living area 
warmer when nobody is at home (85°F or turn it off) and lower the 
temperature to 78°F only when cooling is concretely necessary. You can 
save 1 - 3 percent of electricity per degree, for each degree the thermostat is 
set above 72 degrees. During the cooling season, keep the windows and the 
window covering (if available) closed when AC is running to prevent solar 
gains.  
 
4.4 What’s important to know, when buying a new AC system? 

                                                 
60 Assumption: AC  uses 350 kWh per year and person 
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Eventually you are going to replace your AC system in future, which is 
advisable if the SEER of your current system has a low SEER. In that case, 
look for a high Seasonal Energy Efficiency Ratio (SEER) of the new 
equipment. The minimum should be 13 SEER for central AC. Systems 
certified by ENERGY STAR® have 14 SEER or more. The following box 
shows, how much electricity can be saved over the period of one year if you 
replace an old system with a SEER of 10 by a 15 SEER system. 
 

Replacement of AC in a 4-person household - potential savings 

Old (10 SEER) 61 New (15 SEER) Savings per year 

Consumption: 1400 kWh 
per year 

Consumption: 930 kWh per 
year 

470 kWh = 
$117.5 

 
5. Electric devices 
Apart from the three biggest electricity consumers lighting, hot water and 
electrical cooling, there are various appliances such as washing, 
refrigerators or televisions. In sum they are responsible for about 40% of the 
total electricity consumption at Bahamian households. In the following, the 
different appliances will be regarded separately. It will be explained, how 
the consumption can be reduced in practice and what is important to know 
when buying new stuff. 
 
As a rule of thumb the replacement of old inefficient appliances (e.g. fridge, 
freezer, computer) can save up to 50% to 70% of energy. 
 
5.1 Refrigerator and freezer 
Refrigerators and freezers use about 15% of your total electricity 
consumption. Their consumption is directly associated with their 
temperature set-point. Therefore, these temperatures should be checked 
regularly. The following table shows the optimal temperatures for 
refrigerators and freezers:  
 

Device Optimum temperature 

Refrigerator 44 °F 

Refrigerator, fresh food compartment 37 - 40 °F 

Freezer section (built in refrigerator)  5 °F 

Separate freezer (long-term freezing) 0 °F 

 
For example for each degree the temperature of the refrigerator is set below 
44 °F the electricity consumption rises by about 3%.  
 

                                                 
61 Assumption: AC uses 350 kWh per year and person, runtime: 2000 hours per year: BTU: 
7,000 
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Now there will be explained some easy possibilities how you can ensure a 
high efficiency of your fridge and freezer. Refrigerators and freezers should 
be placed in a cool area, if possible. For each 2 °F less ambient temperature, 
refrigerators use 6% less and freezers 3% less electricity. The doors of 
refrigerators and freezers should be kept closed as often as possible to 
minimize cooling losses. Check the door seals concerning air tightness. If 
necessary, they should be replaced. Freezers should be defrosted regularly. 
The frost built up should not be more than 0.25 inch to ensure efficient 
working. Don’t put hot food in fridge or freezer. Stored food and liquids 
should be covered. If they are uncovered they release moisture and make the 
compressor work harder.  
 
It is very effective to replace old refrigerators and freezers by new 
devices, if they are older than 10 years. Current ENERGY STAR® labelled 
devices use up to 40% less electricity than 10 years old devices. 
 

Refrigerator and Freezer - potential savings in case of replacement 

Old (10 years old) 62 New (ENERGY STAR® 
labelled) 

Savings per 
year 

Consumption: 1500 kWh 
per year 

Consumption reduction by 40% 
Consumption: 900 kWh per year 

600 kWh = 
$150 

 
What’s important to know, when buying a new refrigerator or freezer? 
If you decide to buy new stuff depending on above mentioned reasons or in 
case of defect, please make sure to choose an ENERGY STAR® labelled 
device. Select a refrigerator or freezer right sized for your household, the 
smaller the size, the less energy it uses ant the less it will cost you to 
operate. For some models there will be an ENERGYguide® label available, 
which gives information about how many electricity the corresponding 
device uses during the period of one year. The smaller the number in kWh, 
the less energy it uses and the lower the operating costs. If you are looking 
for a device containing a freezer as well as a refrigerator, be aware that top 
freezer models are more efficient than side-by-side models. Apart from that, 
chest freezers are more efficient than freezers. 
 
5.2 Washing machine 
In Bahamian households the conventional washing machines are top-loaders 
(vertical axis machines). Some of them use water which is already heated 
up. Others use 90% of its total electricity consumption for heating up water 
by themselves. If you have a Solar Water Heater the best way to save 
electricity is to install a hot water intake at the washing machine (if not 
already available). Thereby you can save the energy which would else be 
used for heating up the water.  
 
Generally the electricity consumption for washing can be reduced by 
washing clothes at the lowest temperatures as possible and only on full 
loads. 
                                                 
62 Assumption: fridge and freezer use 375 kWh per year and person 
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What’s important to know, when buying a new washing machine? 
If you are looking for a new washing machine, be sure to decide for an 
ENERGY STAR® labelled model. They use up to 50% less energy than 
standard devices. This depends on a lower water consumption (15 gallons 
compared to 32.5 gallons) and leads to a better centrifugation, resulting in 
less drying time. For some models there may be an ENERGYguide® label 
which gives information about how much electricity the corresponding 
device uses during the period of one year. The smaller the number in kWh, 
the less energy it uses and the lower the operating costs. Generally, front 
loaders (horizontal axis machines) use significantly less water than top 
loaders: 
 
 Average water consumption, vertical axis machine: 40-60 gallons 
 Average water consumption, horizontal axis machine: 13-16 gallons 
 
For vertical axis machines, the water is heated before it enters the machine, 
whereas horizontal axis machines heats up the water by themselves. The 
overall electricity consumption therefore is lower for vertical axis machines 
than for horizontal axis machines depending on the fact that a lower amount 
of water needs to be heated. Apart from your decision for a top- or a front 
loader it is advisable to connect it to a solar water heater. In case of a front 
loader it will be necessary to install a separate warm water inlet. 
 
5.3 Dryer 
The best way to dry laundry is to use the ambient air and the heat of the 
sun. Averagely this saves up to 5% of the total electricity consumption 
compared to drying all laundry with an electrical dryer. Households with 
four people use up to 1000 kWh per year for drying, if all their laundry is 
dried in a electrical dryer. 
 

Dryer - potential savings 

Dryer Use of ambient air / sun Savings per 
year 

Consumption: 1,000 kWh 
per year 

Consumption reduction by 100% 
Consumption: 0 kWh per year 

1,000 kWh 
= $250 

 
Nevertheless, if the use of your dryer is necessary, there are different ways 
to increase its efficiency during operation: 

• only run full loads 
• dry towels and heavier cottons separate from light-weightier clothes 
• use the moisture-sensing setting if available (the dryer will switch 

off automatically, when laundry is dry) 
• clean the clothes dryer lint trap after every use to ensure a good 

airflow 
 
What’s important to know, when buying a new dryer? 
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When you want buy dryer be sure to select a model with a moisture-sensing 
setting. Dryers are not labelled by ENERGY STAR®, because there are 
only little differences in electricity consumption. 
 
5.4 Dishwasher 
First of all it is important to know that the use of a dishwasher uses less 
energy and less water than washing up by hand. Therefore it is generally 
advisable to use dishwashers. Most energy is used depending on water 
heating. Electricity can be saved by using dishwashers efficiently. Only run 
full loads at comparatively low temperatures and if available use energy 
saving or automatic programs. Prewash dishes only when they are 
burned-on or if food is dried-on. In other cases just scrape food pieces. If 
you have a Solar Water Heater the best way to save electricity is to install 
a hot water intake at the dishwasher (if not already available). Thereby you 
can save the energy which would else be used for heating up the water.  
 
What’s important to know, when buying a new dishwasher? 
When buying a new dishwasher, look for an ENERGY STAR® labelled 
model which uses up to 40% less electricity than standard products. 
There should be an energy saving program as well as an automatic program.  
 
5.5 Cook stove, oven and microwave 
Generally it is more efficient to cook with gas than with electricity 
depending on higher energy conversion rates. In the kitchen you can save 
electricity by being aware of your behavior. Heat losses should be 
minimized which means, that oven doors and lids should be kept closed as 
often as possible. Oven and cock stove should only be switched on, when 
they are really needed. If you are going to buy new kitchen stuff, try to get 
energy efficient electric equipment. 
 
5.6 Television 
In many households televisions are switched on during the whole daytime. 
There is an easy way to cut down electricity consumption caused by 
televisions by simply switching them off when they are not explicitly used. 
The following example gives an idea about what can be saved by reducing 
the runtime of a television consequently.  
 
Example: “Television” 
Averagely a TV uses about 0.2 kWh or 5 cents per each hour in use. If you 
use one TV for averagely 8 hours and 365 days, this leads to a consumption 
of 584 kWh or $146 per year. 
 
If the amount of 8 hours per day can be cut down to 3 hours, the 
consumption is reduced to 219 kWh or $54.8 per year 
 
Saving: 
According to these calculations the reduction of the runtime of one TV from 
8 to 3 hours per day gives possibility to save 365 kWh or $91.2 per year. 
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Television - potential savings 

Use time: 8 hours per 
day Use time: 3 hours per day Savings per 

year 
Consumption: 584 kWh 

per year 
Consumption reduction by 63% 
Consumption: 219 kWh per year 

365 kWh = 
$91 

 
What’s important to know, when buying a new television? 
Make sure to buy a product labelled by ENERGY STAR®. 
 
5.7 Computer 
Regarding computers, the best way to save electricity is to reduce their 
runtime and, if available, the use of energy saving modes. There is a small 
surge in energy when a computer starts up but this small amount of energy 
is still less than the energy used when a computer is running for long 
periods of time. For energy savings consider turning off the monitor if you 
aren't going to use your PC for more than 20 minutes and the CPU and 
monitor if you're not going to use your PC for more than 2 hours. If it takes 
too much time to restart the computer, check if there is a sleep mode 
available. ENERGY STAR® computers in sleep mode consume about 70% 
less electricity than standard products in normal use modes. Please note, that 
screen savers do not save energy. 
 
What’s important to know, when buying a computer? 
Generally laptops are more energy efficient than desktop computers. Make 
sure to decide for an ENERGY STAR® labeled product. 
 
5.8 Other electric devices 
Apart from the electrical devices and the corresponding potential savings 
described above, there are much more appliances which are used as well but 
they cannot be seen as standard equipment in Bahamian household. In the 
following you can find out how to save electricity in case of using the 
according devices. 

 
• Water coolers should be placed in a cool area. Only cool the 

amount of water which is used for one day. 
• Wine coolers are not very efficient if there is a glass door. Only cool 

the amount of wine which is needed foreseeable future. It is better to 
use the refrigerator for cooling depending on the fact bigger sizes of 
refrigerators lead a totally higher efficiency. 

• Pool pumps should be checked in consideration of a possible 
reduction of their runtime. They should only run discontinuously 
during summer month and when the pool is actually in use.  

• Printers, copy machines, and fax machines are mostly needed for 
only few hours or minutes per day. Be sure, to switch them off 
totally when day are not needed (see “standby”). In case of buying 
new devices make sure to select products labeled by ENERGY 
STAR®. 
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6. Standby 
Standby losses are responsible for averagely about 15% of the electricity 
consumption at Bahamian households. Standby means, that electric power is 
consumed by electronic appliances while they are switched off or in a so-
called standby mode (example: red light at the television). Obviously there 
is no benefit from standby. It just causes energy losses and increases your 
electricity consumption and costs. Fortunately, there are two simple 
possibilities to avoid electricity losses caused by standby. The first is to 
unplug all devices which are not used at the moment. The second, more 
comfortable way is to interconnect multiple plugs with master switches 
between all devices and the corresponding power socket. The cost for a 
multiple plug master switch is about 15$. Thereby you get the chance to 
switch off the multiple plugs if the connected devices are not in use. The 
following example shows what can be saved in a model household when 
realizing one of the measurements explained above. 
 
Example: “Standby” 
The following table shows a calculation example for a household which 
uses 3 televisions, 1 HiFi-system, 1 PC, 1 laptop and 1 microwave (assumed 
runtimes see table). 
 

Device Amount Daily runtime Daily standby-time Standby 
consumption  Total  Costs 

TV 3 6 hours (each) 3 * 18 = 54 hours 0.028 kW 550 kWh $137 
Hifi 1 6 hours 18 hours 0.01 kW 65 kWh $16.25 
PC 1 4 hours 20 hours 0.03 kW 220 kWh $55 
Laptop 1 4 hours 20 hours 0.014 kW 102 kWh $25.5 
Microwave 1 0.5 hours 23.5 hours 0.004 kW 34 kWh $8.5 

 
Saving: 
Totally this leads to a consumption of 971 kWh and $242 per year. This 
value can be saved totally by switching off the multiple plugs or 
alternatively unplugging the electrical devices. 
 
7. Checklist 
The following list gives chance for getting an overview of the energy 
efficiency at your home. One the one hand you can see the possible savings 
which are already realized. One the other hand you can find out how to save 
more electricity and money and which measurements can be the next step 
on your way to become a more efficient electricity consumer. 
 

http://en.wikipedia.org/wiki/Electric_power�
http://en.wikipedia.org/wiki/Sleep_mode�
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Checklist  YES  NO 
Lighting 

Have you installed energy‐saving bulbs (CFL)?     
Do you use motion detectors for security lighting?     
Have you installed time clocks/dimmer switch for outside lighting?     

Water heating 
Have you installed a Solar Water heater?     
Is your hot water tank well‐insulated?     

Shading 
Are roof and outer walls of your home light colored?     
Is your home surrounded by trees or huge bushes?     
Are your windows shaded by outside shutters?     
Are your windows shaded by sun curtains?     

Cooling 
Do you use natural ventilation?     
Do you use fans only in occupied rooms?     
Have you regularly check the temperature set point of the AC?     
Is the AC switched off in non‐occupied rooms?     
Are window coverings closed in cooling areas?     

Refrigerator and freezer 
Have you checked the temperature set point of fridge and freezer?     
Have you checked the sealing of fridge and freezer?     
Have you defrosted the freezer?     

Washing machine and dryer 
Do you only run full loads?     
Do you use as low temperatures as possible for washing?     
Is your solar water heater connected with the washing machine?     
Have you cleaned the dryer’s lint trap?     

Dishwasher 
Do you only run full loads?     
Do you use energy saving or automatic programs?     
Is your solar water heater connected with the washing machine?     

Television, computer etc. 
Are your televisions switched off when nobody is actively watching?     
Is your PC switched off when nobody uses it for 2 hours?     

Standby 
Have you installed multiple plugs with master switches?     
Do you unplug or switch off electric devices totally when not used?     
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Passive energy efficiency 
measures 
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In this Annex we compiled a comprehensive list of potential means for 
mobilizing the energy savings: 
 
New buildings: 
New buildings allow to already implement many passive measures which 
first of all prevent the living space from heating up too much. This of course 
reduces the cooling load. 

Structural Measures 

Passive measures to reduce the heat influx 
• To maximize the natural ventilation in a building it should be shaped 

with an extended breadth facing the wind and little depth. If a 
building is cooled only by technical means (air conditioning) it 
should be build as compact as possible. 

• Buildings should be positioned in a way that they have the largest 
façade and large openings in an angle of 30 to 120 degrees (optimum 
90°) towards the prevailing wind direction. 

• In buildings with an opening in the attic (or roof) and an open space 
for the air to circulate vertically the stack effect can be used for 
ventilation. 

• It is useful to ventilate the attic of a building since it is likely that 
heat accumulates in this area. 

• South-North orientation of the building (the windows face to the 
South and the North. Windows facing to the East and the West gain 
too much heat in the morning and in the evening when the sun is low 
above the horizon – in this case also shading by extensive eaves is 
almost useless) 

• The construction of a building should be done in a way not to 
accumulate too much (thermal) mass since heat will accumulate and 
be radiated during the night. 

• Shading of windows with eaves (50% reduction of heat influx, 
outside shutters ( 70% reduction of heat influx) or trees 

• Use of light colors for outer walls and roof 
• Insulation of upper ceiling, the first layer should be a reflective foil 

insulation, additionally bulk insulations can be added. 
• Planting middle and high growing plants, trees and shrubs in the 

surroundings of a building helps shading it, absorbs light radiation 
and lowers the temperature due to evapotranspiration from the leaves 
and soil 
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Advantageous arrangement of buildings 
An adapted arrangement of the rooms as well as the neighborhood can be of 
great impact. 
The house should be used in a way that the rooms are placed according to 
their use and time of use. A bedroom is best placed in the east, this way it is 
not heated by the sun in the afternoon. Rooms which are occasionally used 
like laundries or storage rooms can be located in the south. 

Also a whole neighborhood can be optimised for example by leaving 
enough space between two houses in the windward and leeward direction, 
with the objective not to block the wind for the buildings alee. This can be 
achieved with pattern of the roads, the form of the lots, arrangement of open 
spaces etc. 
 
New and existing buildings: 
There are also passive measures which can be taken in new and in existing 
buildings. 

Passive measures to reduce the heat load 
• I existing buildings a dark colored roof could be repainted with a light 

color 
• Planting middle and high growing plants, trees and shrubs in the 

surroundings of a building helps shading it and lowers the temperature 
due to evapotranspiration from the leaves and soil 

• Sun curtains could be easily used to reduce the heat load from the sun by 
10% if venetian blinds with reflective slats are used the reduction can be 
up to 30%. But: shading from outside is much more effective than the 
use of sun curtains (the temperature behind sun curtains is much higher 
than behind a window which is shaded from outside) 

• A more effective, but also more cost intensive measure is the use of 
outside shutters that keep out the sun. They reduce heat gains from the 
sun significantly by up to 70% 

• Usage of natural ventilation to cool down the house during night. 
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Potentials for energy 
efficiency in hotels 
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There is a wide range of means how the energy efficiency potential on the 
Bahamas can be mobilized: 
 
Use of passive measures 
• Improve the usage of natural shading and natural ventilation in particular 

in connection with the construction of new hotels 
 
No invest measures 
• Reduction of circulation of pool pump if possible 
• Awareness campaign (in house and for guests) 
• Regular check of temperature of cooling devices (fridges, freezers) 
• Increase of standard set point of the A/C unit in guest rooms – of course 

the guest can change the setting, but after he leaves, the standard set 
point should be chosen (requires training of housekeeping) 

• Switching off appliances which are not in use (e.g. fridge in the guest 
room if not rented) 

• Regular maintenance of all technical appliances 
 
Small installations (low cost measures with payback period up to 1 
year) 
• Installation of switches to allow appliances to be easily switched off 

during off season 
• Replacement of incandescent bulbs (with a daily usage of more than 6 

hours) with CFL’s 
• Shading of chillers to improve efficiency of air conditioning system 
 
Installation of intelligent systems and monitoring 
• Installation of motion detectors  

• to switch off lights if guest leave the room 
• to switch off air conditioning if window is open 
• to increase set point if room is not occupied 

• Monitoring of technical appliances 
• Monitoring of energy consumption 
 
Change of energy source 
• Usage of solar absorbers for pool heating (instead of electrical heating) 
• Usage of solar hot water heaters, e.g. for preheating of the water or for 

laundry 
• Usage of LPG or diesel for hot water generation (instead of electrical 

heating) 
• In 2009 LPG costs were 60% of electricity costs 
• In 2009 diesel costs were only 25% of electricity costs 

• Seawater cooling for chillers of the central air conditioning system 
 
Reduction of electricity demand for desalination 
• Water saving by the usage of special fittings, e.g. mixing in air at the 

faucet or in the shower 
• Grey water reuse for the garden and parks 



 
 

 
7399P02/FICHT-6472615-v1   

 
 
 
 
 
 

 
 
Annex F-9 
Proposed tax rates of some 
energy efficient appliances 
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Item category Sub-category Toll 

nomenclature 
Current rate 

of duty 
Proposed 

rate 
Solar (photov.) 9405.5010 free Free 
Energy saving 
fluorescent bulb 8539.3910 Free Free 

Lamps 

switches    
Photosensitive 
semiconductor devices 8541.4000 10% Free Daylight 

control 
Electrical apparatus 
for switching el. 
Circuits 

8536 45% 
10% 

Washing 
machines 

Horizontal axis 
washing machines 
(this category is 
proposed to be added 
and with reduced rate) 

8450 15-45% 

10% 

Switchable 
sockets 

 8536.5000 45% Free 

Pumps (heat 
pumps) 

Not classified 
accordingly, suitable 
pumps could be 
chosen 

8413 – 8414 – 
8415  

10% 
if energy 
efficient 

Laptops (saves 
significant 
amount of 
energy) 

 

8471 Free – 10% 

Free 

Glass wool Insulation 7019.3910 10% Free 
Goods labeled 
by EU Energy 
Label A or 
better (A+, 
A++) 

 

N.a. N.a. 

Free 

Power meters  For electrical power 
and energy 
measurement 

N.a. N.a 
10% 

Special fittings mixing 
air at the faucet or in 
the shower 

N.a. N.a. 
10% Water saving 

devices 

Grey water usage 
devices N.a. N.a. Reduced 

tax rate 
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