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1 INTRODUCTION 

The REP-5 programme “Support to the Energy Sector in 5 ACP Pacific Islands” is being 
implemented by the Pacific Islands Forum Secretariat supported from the 9th European 
Development Fund (EDF).  The programme focuses on renewable energy and energy 
efficiency activities.   

A Programme Management Unit (PMU) for the REP-5 programme was established in January 
2006 based in Suva with a sub-office in Pohnpei. The PMU is staffed by a team from IT 
Power Ltd, Transénergie and ADEME. 

There are five countries participating in the REP-5 programme. These are: 

• The Federated States of Micronesia (FSM) 
• Nauru 
• Niue 
• Palau 
• The Republic of the Marshall islands (RMI) 

In FSM energy is the responsibility of each of the 4 states, therefore the state governments 
are also closely involved in the implementation of projects under the REP-5 programme. The 
four FSM states are Chuuk, Kosrae, Pohnpei and Yap. 

This report has been prepared as the Mission Report by Mr. Duncan Brewer, the PMU Short 
Term Expert (STE), who visited the FSM States of Chuuk, Yap and Pohnpei between the 
19th November and the 20th December 2006. Mr. Brewer was accompanied on this mission 
by Ms. Gwen Legros, the PMU Renewable Energy expert, based in Pohnpei. 

This report examines the mission to Yap State and to the islands of Fadrai and Asor in Ulithi 
atoll. The report covers the objectives of the mission, the activities carried out, the outputs, 
including preliminary design of the proposed renewable energy systems, estimated budget 
required and the next steps for the project.  

Mr. Brewer was assisted during his visit to Yap State by Mr. Philip Raffilpiy, Acting Chief of 
Planning, Yap State Government and Mr. Faustino Yangmog, General Manager, Mr. Mario 
Sukulbech, Outer Island Division Operation Manager and Mr. Andre Couture of the Yap State 
Public Service Corporation (YSPSC). 

2 MISSION OBJECTIVES 

The aim of the mission to FSM carried out by Mr. Brewer and Ms. Legros was to visit and 
assess the suitability for renewable energy systems of seven of the outer islands in the 
Federated States of Micronesia (FSM).  Table 1 summarises the islands to be assessed. 

 Table 1 Outer islands to be assessed  

State Island 
Sapwuafic 
Nukuoro  

Pohnpei 

Kapingamarangi 
Onoun Chuuk 
Satawan 
Ulithi atoll - Fadrai  Yap  
Ulithi atoll - Asor 
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In general the overall assessment was to examine the potential to supply electricity to the 
health centres and schools on these islands using renewable energy technologies. In 
particular the assessment was to examine potential sites for the installation of solar 
photovoltaic (PV) systems on these islands and examine the potential electrical load that the 
systems would be required to supply.  

In the case of Yap, the assessment would also examine the potential to supply electricity to 
households on the islands of Asor and Fadrai and the suitability of stand-alone solar PV 
versus a solar PV mini-grid, given the conditions on each of the islands (distance between 
houses, number of houses, etc).  

Due to the remoteness and access to fuel and spares solar PV systems are seen to be an 
good solution to supply basic energy loads such as lighting, vaccine refrigeration, power for 
teaching aids such as laptops and projectors and power for communication systems.  The 
main supply ships to these islands can be as infrequent as every 6 months and so the 
energy systems proposed must be as autonomous as possible. 

An important part of the mission was to engage local communities and the local utility and 
establish whether they wanted such power systems, identify their needs and identify 
potential solutions.  

This report will now concentrate on the findings from the islands of Fadrai and Asor on Ulithi 
atoll in Yap State. 

3 GENERAL DESIGN RECOMMENDATIONS 

It is recommended that an AC 110V system is used in all the FSM States as AC 110V 
equipment is regularly available from the main islands.  DC equipment is not regularly 
available and requires specific orders to be placed.  This increases the potential for items not 
to be replaced when they break and for the system to fall into disrepair. For example, on 
visiting Sapwuafic Atoll in Pohnpei State DC light bulbs had not been replaced simply 
because the people there could not source DC bulbs.   

It is recommended that any vaccine refrigerator that is specified operates on DC electricity 
and follows the World Health Organisation specification. As a vaccine refrigerator is a vital 
load it is also recommended that this is operated on an independent circuit to ensure it 
always receives power (and hence it running on DC electricity should not be in conflict with 
the AC 110V used as standard).  

All lighting fixtures should be AC fixtures using compact fluorescent bulbs (CFLs) with Edison 
screw fitting as these can be easily sourced on the main islands.  Bayonet fixings should not 
be specified as the bulbs for these fixing cannot be purchase in the region.  Strip AC 
fluorescent lights were considered but discounted as, although they provide higher light 
levels than CFLs, they are delicate to transport and consume more power than CFLs.  CFLs 
are more suited to being transported long distances because they are less prone to breakage 
than fluorescent tube bulbs. It must be noted that CFLs contain small amounts of mercury 
so appropriate disposal must be put in place. Ideally this should involve the collection of 
CFLs and their removal from the islands for eventual return to a recycling depot. The 
recycling depot is most likely to be outside Micronesia.   

In Yap state it is proposed the project supply and install only the required PV systems. Any 
equipment being powered by the PV system (lights, refrigerators, ceiling fans, laptops, etc.) 
will have to be supplied by the users of the system.  This allows for the largest possible PV 
array to be constructed given the project budget.  

The system would be operated by Yap State Public Service Corporation (YSPSC) who would 
sell the power to users through the use of prepayment cash power meters.  It is proposed 
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that each user is allocated a monthly power allowance which would be based upon the 
design loads.  It is also proposed that the utility employs at least 3 people part time on the 
islands to maintain the system.  This is because too often people are not on the island and 
with three people employed it would be hoped that at least one would be on the island at 
any one time to deal with any problems or carry out necessary maintenance.  

It has to be recognised that, once the PV system is operational, people will inevitably try to 
install appliances which consume too much power than the system can generate.  Some 
design features such an MCB or fuse must be used to restrict the peak power drawn.  
However, this does not prevent people leaving low loads such as lights on continuously and 
slowly draining battery banks.  Only through good education and appropriate use of the PV 
system will the system be able to operate for a long time. YSPSC must also be proactive in 
monitoring energy consumption and ideally the system would include some form of energy 
monitoring.  

4 YAP STATE RENEWABLE ENERGY PROJECT 

The original proposal was for Yap State to develop a central coconut oil factory which would 
be located on one of the main islands of Ulithi Atoll.  Due to change of personnel, with the 
expert in coconut oil production leaving the utility, the Yap utility (YSPSC) no longer believes 
that this project would be the most sustainable and is no longer interested in taking this 
forward. Apart from the lack of technical capacity on the island for a coconut oil project, it is 
also believed that as soon as the coconut oil project is complete, the gensets used in the 
project are likely to be switched to diesel as the production of copra oil is very time 
consuming requiring large quantities of coconut and significant amount of processing and 
effort.     

YSPSC is however very interested in installing and operating PV systems on two small islands 
which do not have power, Asor and Fadrai in Ulithi Atoll.  The proposal is to install a central 
mini grid system on each island with a view to being able to attach diesel gensets in the 
future to cope with increased load.  Each house would have a cash power meter and be 
limited to monthly power allocations.   

One major issue in Ulithi is that it is located within the typhoon path and as such the utility, 
YSPSC, recommend systems are designed to tolerate winds of up to 150 Nautical miles per 
hour (277 km/h or 172 miles/h).  A PV system (especially the modules) are unlikely to 
tolerate such high wind speeds (typical specifications are tolerance of up to 180 km/h).  The 
solution could be to have the system so it could be taken down and stored before a severe 
typhoon were to hit the island.  Whether this is a practical solution and would be actually 
carried out at the time would have to be seen.   

The general perception from visiting these islands was that the population have significant 
spending power relative to other islands visited. This is simply deduced from the high 
number of fibre glass boats and out board motors.  This has the potential to impact loads 
considerably, as when connected to an electricity supply, the households may rapidly begin 
to buy electrical items such as fridges, fans and washing machines, thus greatly and rapidly 
increasing the demand for electricity.    

 

4.1 Fadrai  

Fadrai island is a long thin island stretching for over 1km, as shown in Figure 1.  The island 
has 31 households. 
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Figure 1. Fadrai island 

The inhabitants of the island are mainly concentrated in the southern tip, therefore making a 
central mini grid system feasible. However, the buildings are sufficiently spread out making 
a central 120V transmission system inappropriate as the voltage drop will be too high unless 
excessively sized cables are installed.  To overcome this, the system will generate at 240V 
and transmit at 240V.  The voltage will then be stepped down to 120V to supply loads.  This 
would enable the transmission of power across the whole island from one generation site.   

This solution means that the system losses are increased by about 10% due to the step 
down transformer so this needs to be taken into consideration when sizing the PV system.  A 
single centralised system provides greater future sustainability and local benefit by allowing 
easy interconnection of another power sources such as a diesel generator creating a hybrid 
system. This is likely to be necessary if loads increase rapidly once electricity is provided to 
the population. For this reason, a central mini grid system is preferred to individual 
household solar home systems (SHS). 

Two sites on Fadrai were identified as suitable for a central power plant.  The most southerly 
of these is preferred, though a substantial amount of ground clearance is required as shown 
in Figure 2.  Sufficient land needs to be cleared to prevent shading and branches or leaves 
falling on the PV array.  In addition, land agreements need to be signed between the State 
government and the local land owners before any installation can begin.    
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Figure 2. Potential site for central PV mini-grid installation 

4.2 Asor 

Asor is smaller than Fadrai with only about 18 households. The island is shown in Figure 3 
and again the households are mainly concentrated in one area, therefore making a central 
mini grid system possible.  A similar approach as Fadrai is being proposed for Asor though 
the PV array and battery bank will be smaller as the load is less. 

 
Figure 3. Asor island 

Land is available for a centralised power system next to the school, however, as for Fadrai, a 
substantial amount of land clearance is required and land agreements must be obtained 
before any installation can take place. 
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5 SYSTEM DESIGNS FOR FADRAI AND ASOR 

5.1 Fadrai system design 

5.1.1 Load assumptions 

The following assumptions were used when calculating the loads: 

• All lights are CFLs; 

• Households will have 3 lights and one ceiling fan. There is no account for fridges, 
TVs or air conditioning as this would make the required system too expensive; 

• The school (4 classrooms 30'x 30' + 2 small rooms one library and classroom) will 
have lighting, two ceiling fans for the computer room, a photocopier and printer and 
4 laptop computers. 4 bulbs per 30' x 30' classroom have been assumed using 26W 
CFLs. Library assumed 3 bulbs and other small classroom 2 bulbs. One security light 
has also been included; 

• Dispensary (30' x 60') will have lighting, two ceiling fans and a vaccine fridge; 

• The men’s building, church and women’s building will only have lights; 

• The communication building will have lights, a laptop computer with modem and a 
VHF Radio Station. 

The load assumptions are summarised below in Table 2. All numbers are estimates. Detailed 
load assumptions and calculations are given in Annex 1.  

Table 2. Load assumptions for Fadrai 

Building type Number Total Peak Load / 
Watts 

Total daily consumption / 
Wh 

Household 31 3968 23808

School 1 2022 6982

Dispensary 1 512 4752

Men’s meeting building 1 208 1248

Communication building 1 554 2608

Church 1 208 416

Women’s building 1 208 1040

Total 36 7680 40854

5.1.2 System design 

A mini grid is possible as the households are in close proximity, however, the distances are 
still large (maximum 750m) so that there will be the need to have a main higher voltage 
distribution line.  An AC bus system is proposed with a main 3 phase transmission line with 
each phase carrying 240V.  It is suggested that 240V is used to reduce losses and cable size. 
Another advantage of using 240V is that the PV array can generate at 240V removing the 
need for an additional step up transformer and avoiding additional losses.  Installing a 3 
phase cable allows greater capacity in the future and easier interconnection for future 
generators such as a 3 phase diesel generator. Step down transformers from 240V to 120V 
would then be installed to supply load centres i.e. schools and houses.   
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The 3 step down transformers would be located as follows: one located near to the school to 
the north, the second would need to be near the centre of the village and the third to the 
south. Load centres would be distributed as evenly as possible over three phases to balance 
supply and where possible would then be distributed in a ring.  Cash power meters 
(prepayment electricity meters) would be installed and supplied by YSPSC on each house or 
building.  The cash power meters are already used by the utility and require 240V to 
operate, however they supply 120V to the property.  It understood that to operate the cash 
power meters they will require two 120V power supplies which are in phase though 
clarification on this is requested from YSPSC.   

The load for each house has been limited to lighting and ceiling fans, otherwise the PV 
system required would be very large and far too expensive for the budget available. For 
example, put a TV in each house at 200 Watts and the system is unaffordable. However, the 
design assumes all loads are put on at once in reality this is not the case so there is some 
contingency for additional load.   

The sizing of the main transmission cable should allow for a 50% increase in load to allow 
for the addition of future generators without the need for changing transformers or the 
transmission voltage.  The main transmission and distribution cable must be sized to a 
maximum permissible voltage drop of 5%.  

The diagram in Annex 2 shows the AC bus preferred system design for Fadrai. In this 
system the batteries are charged directly without having conversion losses. For the energy 
storage, it is recommended that 2V wet cell deep cycle batteries are used and wired in a 48V 
DC system.   

Ideally, an inverter / rectifier would be installed so that if a diesel genset is added in the 
future, the power not used could charge the batteries if needed. However, this has not been 
included at this stage because the supply of non-renewable power sources is not included 
under the EDF funding of the project.  

The diagram in Annex 2 does not show that in fact there will be 3 phase cables and that the 
PV array would be split into three arrays, each the same size, feeding each phase.   Also the 
battery bank would be separated into three. This will give good balance to the system and 
allow for future connection of a three phase generator.   

It is proposed for that all cables are buried. This will minimise damage from falling trees and 
branches and avoid damage during typhoons.     

The details of equipment and sizing for the PV array and batteries are given in Annex 3.   

5.1.3 Necessary local contributions 

The project will supply the PV system and install it. However, the equipment to be 
connected will be supplied by the users. This equipment should follow the assumptions 
made in this report while designing the system, i.e. CFLs must be used for all lighting 
applications. Some other contributions will also need to be made, at no cost to the project. 
This will enable the project to install the biggest size PV system possible, while giving local 
people more involvement in the project. 

In particular local activities that need to take place are as follows: 

• The land where the installations will take place will need to be prepared. There may 
be more than one site. Each site should be reserved for the project and cleared of 
vegetation. The site for the PV system will need to be cleared of any tall trees that 
might cause shadow; 
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• The ceilings in the classrooms, library and computer room of the school must be 
painted white to maximise the available light; 

• Equipment for houses and buildings will have to be bought, following the 
recommendations made in this report: CFLs; ceiling fans; laptops, etc.; 

• Cash power meters must be provided to the households and buildings by the utility 
(YSPSC); 

• YSPSC should take responsibility for checking the wiring in each building before 
connection to the PV system; 

• YSPSC should take responsibility for checking that building loads do not exceed that 
stated in the design of the PV system; 

• Construction of a building to house the batteries and control equipment; 

• The cables will need to be buried, this should be done by local labourers at no cost to 
the project.  

Many of these measures will give the local people a sense of ownership and involvement in 
the project. Prior to the system installation there will be an information day where these 
local contributions are explained and people can give their opinion on what is possible and 
decide who is doing what.  The intension is for the project to construct a building to house 
the batteries and control equipment however the precise cost of such a construction is 
unknown and could well be outside the budget of the project.  Further guidance is required 
from Yap utility on construction costs.  

5.2 Asor system design 

5.2.1 Load assumptions 

The following assumptions, similar to those used for Fadrai, were used when calculating the 
loads: 

• All lights are CFLs; 

• Households will have 3 lights and one ceiling fan. There is no account for fridges, 
TVs or air conditioning as this would make the required system too expensive; 

• The School (3 classrooms 30'x 30' + 1 small classroom) will have lighting, two ceiling 
fans for the computer room, a photocopier and printer and 4 laptop computers. 
Assumed 4 bulbs per 30' x 30' classroom (26W CFLs) and 2 bulbs for the small 
classroom. One security light is also included; 

• Dispensary (30' x 60') will have lighting, two ceiling fans and a vaccine fridge; 

• The men’s building, women’s building will only have lights; 

• The communication building will have lights, a laptop computer with modem and a 
VHF Radio Station. 

The load assumptions are summarised below in Table 3. All numbers are estimates. Detailed 
load assumptions and calculations are given in Annex 4.  
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Table 3. Load assumptions for Asor 

Building type Number Total Peak Load / 
Watts 

Total daily consumption / kWh 

Household 18 2304 13824

School 1 1362 4222

Dispensary 1 458 4532

Men’s meeting building 1 156 936

Communication building 1 554 2608

Women’s building 1 156 780

Total 23 4990 26902

5.2.2 System design 

The system design for Asor will be very similar to that for Fadrai. Again an AC bus system 
will be used with a main transmission of 240V.  The main difference is that the main 
transmission cable is likely to be slightly smaller as the distances between buildings are not 
so great with a maximum of 500m (instead of 750m in Fadrai).   

The load for each house has been limited to lighting and ceiling fans, otherwise, similarly to 
Fadrai, the PV system required would be very large and far too expensive for the budget 
available.  

The diagram in Annex 2 shows the AC bus preferred system design for Asor. Again, as for 
Fadrai, it is recommended that the main transmission cable is sized to accommodate a 50% 
increase in the designed load with a maximum voltage drop of 5%. 

The details of equipment and sizing for the PV array and batteries are given in Annex 6. 

5.2.3 Necessary local contributions 

The project will supply the PV system and install it. However, the equipment to be 
connected will be supplied by the users and some other contributions will need to be made, 
at no cost to the project. This will enable the project to install the biggest size PV system 
possible, while giving local people more involvement in the project. 

In particular local activities that need to take place are as follows: 

• The land where the installations will take place will need to be prepared. There may 
be more than one site. Each site should be reserved for the project and cleared of 
vegetation. The site for the PV system will need to be cleared of any tall trees that 
might cause shadow; 

• The ceilings in the classrooms, library and computer room of the school must be 
painted white to maximise the available light; 

• Equipment for houses and buildings will have to be bought, following the 
recommendations made in this report: CFLs; ceiling fans; laptops, etc.; 

• Cash power meters must be provided to the households and buildings by the utility 
(YSPSC); 

• YSPSC should take responsibility for checking the wiring in each building before 
connection to the PV system; 
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• YSPSC should take responsibility for checking that building loads do not exceed that 
stated in the design of the PV system; 

• Construction of a building to house the batteries and control equipment; 

• The cables will need to be buried, this should be done by local labourers at no cost to 
the project.  

Many of these measures will give the local people a sense of ownership and involvement in 
the project. Prior to the system installation there will be an information day where these 
local contributions are explained and people can give their opinion on what is possible and 
decide who is doing what.  The intension is for the project to construct a building to house 
the batteries and control equipment however the precise cost of such a construction is 
unknown and could well be outside the budget of the project.  Further guidance is required 
from Yap utility on construction costs.  

6 BUDGET ESTIMATE 

The total budget for Yap is approximately 480,000 Euro. This can be broken down between 
the islands to be provided with renewable energy, Fadrai and Asor, as shown in Table 4. 

Table 4. Yap overall budget – division between Fadrai and Asor 

Fadrai number of households  31

Asor number of households 18

Total number of households 49

Funds available to each household 9 796 Euro

Total funds for Fadrai 303 673 Euro

Total funds for Asor 176 327 Euro

Other assumptions used in the calculation of the budgets for Fadrai and Asor are shown in 
Table 5. All costs are estimates. 

Table 5. Assumptions for PV system budget calculations 

Estimated costs per kWp  8 333 Euro 
Estimated cost per 2V 2500 Ah battery storage 
Fadrai 

400 Euro 

Estimated cost per 2V 1650 Ah battery storage 
Asor 

300 Euro 

Estimated cost in transmission cable Fadrai 25 Euro per metre 
Estimated cost in transmission cable Asor 20 Euro per metre 
Cost of a step down transformer 240V to 120V 
Fadrai  

800 Euro 

Cost of a step down transformer 240V to 120V 
Asor 

600 Euro 

Cost of distribution cable 4 Euro per metre 

Delivery is assumed to be just to Pohnpei, not to the outer islands. Delivery to the outer 
islands should be taken in charge by YSPSC. YSPSC should provide an estimate of delivery 
costs to take the equipment to Fadrai and Asor in Ulithi atoll. 
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6.1 Fadrai 

The budget for Fadrai breaks down as shown in Table 6. 

Table 6.  Fadrai system cost 

Item Euro 

PV system including DC to AC inverters 136 495 

Battery bank  60 526 

Main 3 phase SWA transmission cable 18 750 

3 step down inverters from 240V to 120V (at 15 kVA) 2 400 

Distribution cable  SWA (the assumed length of the 
distribution cable in Fadrai is 1200m) 4 800 

Battery bank and inverter housing estimate 12 000 

Total 234 971 

Left over for contingencies (23%) 68 703 

The budget is therefore adequate to provide the envisaged PV system for the proposed 
design load on Fadrai and there is a reasonable contingency fund should some equipment 
and installation prove more expensive than expected.   

6.2 Asor 

The budget for Asor breaks down as shown in Table 7. 

Table 7. Asor system cost 

Item Euro 

PV system including DC to AC inverters 89 9913 

Battery bank  45 290 

Main 3 phase SWA transmission cable 10 000 

3 step down inverters from 240V to 120V (at 15 kVA) 1 800 

Distribution cable  SWA (the assumed length of the 
distribution cable in Fadrai is 1200m) 2 880 

Battery bank and inverter housing estimate 7 000 

Total 156 883 

Left over for contingencies (11%) 19 443 

The budget is just about adequate to provide the envisaged PV system for the proposed 
design load for Asor.  The contingency of 11% may well be insufficient however it may be 
possible to use funds from the Fadrai contingency also if costs prove higher than expected. 
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7 CONCLUSIONS 

It is apparent that previous donors have provided everything for free and this has resulted in 
islanders having little concept of ownership as they have not had to work significantly to 
obtain the energy systems they have.  The equipment often works for a few years but once 
parts start to fail through either lack of maintenance or just need for replacement of 
components (e.g. battery) the systems fall into disrepair as no funding is made available for 
replacing parts or the islanders take the attitude that someone else will provide more 
equipment. 

The precise costs of equipment supply and installation is very difficult to ascertain as the 
logistics of just getting equipment and personnel on the islands is unknown and dependent 
upon the availability of supply ships. Information from YSPSC and the State government will 
be very useful in estimating costs and facilitating transport and delivery. This is why 
significant contingency has to be allowed, though it may well be that this is insufficient once 
bids have been received.  If this occurs reducing the load expectations would allow the size 
of the PV system, and therefore costs, to be reduced.   

The support of the utility in Yap, YSPSC, is very good and will enable a successful project. 
YSPSC have an interest in ownership of the PV system and it is believed it will provide 
greater opportunity for long term success as the scheme will be seen as revenue generating. 
If successful the scheme would be seen to resolve longer term objectives of supplying 
islands with sustainable power sources.   In addition the ability in Yap to consider the 
incorporation of a diesel generator making a hybrid power plant allows for greater potential 
for long term success and benefit for the local community. 

8 NEXT STEPS AND RECOMMENDATIONS TO MITIGATE RISKS 

• Agreement needs to be obtained in writing from YSPSC to provide the cash power 
meters and maintain the PV systems, including provision of spare parts; 

• Agreement for clearance of land for central mini grid systems between local land 
owners and the Yap state government; 

• Agreement on the local contributions, as described in this report; 

• Agreement for the supply of transport of equipment from Pohnpei or Guam to the 
islands – an estimate of costs should be provided by YSPSC as a first step;  

• The cost for the construction of a building for battery and control equipment housing 
must be provided by YSPSC; 

• Consultation needs to be carried out with YSPSC to reach agreement on the final 
design of the PV systems, in particular on the metering and final distribution. This 
has to be done before technical specifications can be developed; 

• Technical specifications and a tender dossier will be developed by the PMU; 

• Equipment delivery time to Yap must not be under estimated. 
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ANNEX 1: FADRAI LOAD CALCULATIONS 

1.  Typical House Energy Consumption
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty  =  in Watts x    in Hrs  =      Wh/day
Lights 26 3 78 6 468
Ceiling fan 50 1 50 6 300
Fridge 200 0 0 17 0
TV 250 0 0 3 0
Air con 3000 0 0 0 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0

128 768 Wh/day

2.  School (4 classrooms 30'x 30' + 2 small rooms one library and classroom)
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty =  in Watts x    in Hrs =      Wh/day
Lights 26 22 572 6 3432
Ceiling fan in computer room 50 2 100 6 600
Printer 250 1 250 1 250
Photocopier 300 1 300 1 300
Laptop computer 200 4 800 3 2400

0 0
0 0
0 0
0 0
0 0
0 0
0 0

2022 6982 Wh/day
3.  Dispensary (30' x 60')

Load    Total Load Daily Use Consumption
Load Description in Watts x Qty =  in Watts x    in Hrs =      Wh/day
Lights 26 10 260 4 1040
Ceiling fan 26 2 52 6 312
Vacinne Fridge 200 1 200 17 3400

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

512 4752 Wh/day
4.  Mens meeting building

Load    Total Load Daily Use Consumption
Load Description in Watts x Qty =  in Watts x    in Hrs =      Wh/day
Lights 26 8 208 6 1248

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

208 1248 Wh/day  
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5.  Communication building
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty =  in Watts x    in Hrs =      Wh/day
Lights 26 2 52 5 260
Laptop computer 200 1 200 10 2000
Modem (powered off computer) 0 0
VHF Radio Station, Standby Mode 2 1 2 24 48
VHF Radio Station, Receive Mode 150 1 150 1 150
VHF Radio Station, Transmit Mode 150 1 150 1 150

0 0
0 0
0 0
0 0
0 0
0 0

554 2608 Wh/day

6. Church
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty =  in Watts x    in Hrs =      Wh/day
Lights 26 8 208 2 416

0 0
0 0
0 0
0 0
0 0
0 0
0 0

208 416 Wh/day

7. Womens building
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty =  in Watts x    in Hrs =      Wh/day
Lights 26 8 208 5 1040

0 0
0 0
0 0
0 0
0 0
0 0
0 0

208 1040 Wh/day  
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ANNEX 2: FADRAI AND ASOR  SCHEMATIC  
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ANNEX 3: FADRAI PV SYSTEM EQUIPMENT AND SIZING 

Building Number Peak W Wh per day
1 House 31 3968 23808
2 School 1 2022 6982
3 Dispensary 1 512 4752
4 Mens building 1 208 1248
5 Communication building 1 554 2608
6 Church 1 208 416
7 Womens building 1 208 1040

7680 40854 Wh
Total Peak Load 7.680 kW
Peak current 64.000 Amps

PV DC to AC conversion factor 90%
AC step down transformer 240V to 120V AC 90%
DC load consumption 50437 Wh  

 

Total Daily Load, in Ah 5043.70

No. of Backup Days 5.0 days

Depth of Discharge Limit Factor 80%

Battery Bank Capacity, in Ah 31524 Ah

System nominal voltage 12 V

Ah of a single battery 2V battery 2500 Ah

Battery system voltage 48 V

Voltage of individual battery 2 V

Number of batteries in series 24

Number of parallel batteries 6

Total no. of batteries 151

Battery Bank Sizing

 
 

 

Total DC Power Consumption 50437
/

System Nominal Voltage 12
=

Daily load, in Ah 4203.09
x

System Loss & Safety Factor 1.20
=

Total Daily Load, in Ah 5043.70
/

Available Sun-hours per day 5.0
=

Total Daily Load, in Amperes 1009

Type of Module Selected 130
/

Module Max. Output, in Amperes 8.02
=

No. of Parallel Modules Required 126

System Nominal Voltage 12
/

Voltage per Module 12
=

No. of Series Modules Required 1
x

No. of Parallel Modules Required 126
=

Total Modules Required 126
Total Array size Wp 16380

Solar Array Sizing
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ANNEX 4: ASOR LOAD CALCULATIONS 

1.  Typical House Energy Consumption
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty  =  in Watts x    in Hrs  =      Wh/day
Lights 26 3 78 6 468
Ceiling fan 50 1 50 6 300
Fridge 200 0 0 17 0
TV 250 0 0 3 0
Air con 3000 0 0 0 0

0 0
0 0

128 768 Wh/day

2.  School (3 classrooms 30'x 30' + 1 small classroom)
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty  =  in Watts x    in Hrs =      Wh/day
Lights 26 12 312 6 1872
Ceiling fan in computer room 50 2 100 6 600
Printer 250 1 250 1 250
Photocopier 300 1 300 1 300
Laptop computer 200 2 400 3 1200

0 0
0 0
0 0
0 0
0 0
0 0
0 0

1362 4222 Wh/day
3.  Dispensary (30' x 60')

Load    Total Load Daily Use Consumption
Load Description in Watts x Qty  =  in Watts x    in Hrs =      Wh/day
Lights 26 8 208 4 832
Ceiling fan 50 1 50 6 300
Vacinne Fridge (?) 200 1 200 17 3400

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

458 4532 Wh/day
4.  Mens meeting building

Load    Total Load Daily Use Consumption
Load Description in Watts x Qty  =  in Watts x    in Hrs =      Wh/day
Lights 26 6 156 6 936

0 0
0 0
0 0

156 936 Wh/day
5.  Communication building

Load    Total Load Daily Use Consumption
Load Description in Watts x Qty  =  in Watts x    in Hrs =      Wh/day
Lights 26 2 52 5 260
Laptop computer 200 1 200 10 2000
Modem (powered off computer) 0 0
VHF Radio Station, Standby Mode 2 1 2 24 48
VHF Radio Station, Receive Mode 150 1 150 1 150
VHF Radio Station, Transmit Mode 150 1 150 1 150

0 0
0 0
0 0
0 0
0 0
0 0

554 2608 Wh/day

6. Womens building
Load    Total Load Daily Use Consumption

Load Description in Watts x Qty  =  in Watts x    in Hrs =      Wh/day
Lights 26 6 156 5 780

0 0
0 0
0 0

156 780 Wh/day  
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ANNEX 5: ASOR PV SYSTEM EQUIPMENT AND SIZING 

Building Number Peak W Wh per day
1 House 18 2304 13824
2 School 1 1362 4222
3 Dispensary 1 458 4532
4 Mens building 1 156 936
5 Communication building 1 554 2608
6 Womens building 1 156 780

4990 26902 Wh
Total Peak Load 4.990 kW
Peak current 41.583 Amps

PV DC to AC conversion factor 90%
AC step down transformer 240V to 120V AC 90%
DC load consumption 33212 Wh  

Total DC Power Consumption 33212.3
/

System Nominal Voltage 12
=

Daily load, in Ah 2767.70
x

System Loss & Safety Factor 1.20
=

Total Daily Load, in Ah 3321.23
/

Available Sun-hours per day 5.0
=

Total Daily Load, in Amperes 664

Type of Module Selected 130
/

Module Max. Output, in Amperes 8.02
=

No. of Parallel Modules Required 83

System Nominal Voltage 12
/

Voltage per Module 12
=

No. of Series Modules Required 1
x

No. of Parallel Modules Required 83
=

Total Modules Required 83
Total Array size Wp 10790

Solar Array Sizing

 
 

Total Daily Load, in Ah 3321.23

No. of Backup Days 5.0 days

Depth of Discharge Limit Factor 80%

Battery Bank Capacity, in Ah 20758 Ah

System nominal voltage 12 V

Ah of a single battery 2V battery 1650 Ah

Battery system voltage 48 V

Voltage of individual battery 2 V

Number of batteries in series 24

Number of parallel batteries 6

Total no. of batteries 151

Battery Bank Sizing


