
 

 

 

 

 

 

 

 

 

Chatham Islands 

Electricity Ltd 
Lower Te Awainanga Micro-hydro Project 

Feasibility Report 
 

This report and its appendices detail the feasibility of a low head micro-hydro 

development on a natural fall in the Te Awainanga River, Chatham Islands. 

 

The island is seeking long term sustainable generation options to augment or 

replace existing network distributed diesel generation.  Key objectives are to 

lower current costs, provide long term price security, and reduce 

environmental cost. 

 

Wind and hydro options are being evaluated and this study considers both 

stand-alone and integrated generation systems. 

 

Because wind is a plentiful resource and hydro resources scarce, there are 

strong drivers to prioritise wind development. 

 

This evaluation concludes that as a stand-alone project the proposed micro-

hydro will contribute materially to all objectives and should be built, however, 

if a wind farm is built micro hydro should be delayed to confirm to what degree 

wind generation will displace stand-alone hydro benefits, and whether output 

constraints can be offset by power quality services running as a synchronous 

condenser. 

 

This micro-hydro model could be replicated on a number of sites on the island, 

and on this site has a lower cost of generation than wind.  But the abundance 

of wind and ability to contract fund wind development makes hydro a second 

tier option. 
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Background 

This project purpose is a model for affordable mini hydro development for the Chatham Islands.  The 

lower Te Awainanga site has been selected because it has the best available stream flow on the 

island, has easy access and is close to an existing transmission line and the existing diesel generation 

station. 

The objectives are low cost and low impact.  To achieve these targets both technology and 

procurement are key factors. 

At the same time wind power is being evaluated as an alternative or in conjunction with hydro.  As 

such this study examines the impact of wind development on hydro potential.  The island has an 

abundant wind resource and scarce hydro resource, but hydro offers superior power quality.  

Developer and End User 

The developer and end user for this project will be Chatham Islands Electricity Ltd (CIE).  As the 

operator of an islanded system CIE has dispensation to own lines1, generation and retail so is a fully 

integrated energy company.  It is wholly owned by the Chatham Islands Enterprise Trust (CIET) which 

was established by central government to own and operate essential infrastructure2 on the island.  

CIET also owns investment assets intended to make it self sustaining however over time it’s funding 

resources are becoming insufficient to maintain the infrastructure in its care.  To this extent further 

assistance is being sought from Government including the funding of projects such as this. 

CIE aims to function as a commercial enterprise paying a dividend to its shareholder however this 

has proven unachievable due primarily to reliance on diesel fuel.  Electricity supply to the island is 

typically 3 to 5 times mainland cost and if prices are raised to more profitable levels the company 

will loose customers.  This is marginalised by network costs, where convenience of network supply is 

balanced by avoided cost of ex network supply. 

This project is part of a number of initiatives to implement long term solutions that will benefit the 

island, stimulate growth, and in turn grow the electricity business. 

Development Process 

A typical process for projects of this nature is being followed and is: 

• Site Identification 

• Preliminary Feasibility 

• Land Agreements, Feasibility and Business Case 

                                                           

1
 Pursuant to the Electricity Act 

2
 Port, Airport and Electricity 
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• Consents  

• Business Case decision 

• Construction 

Previous Work 

CIE surveyed the island for suitable sites in 2007 and completed a preliminary feasibility study on 

this site in 2008, looking at both technical feasibility and commercial benefit with plant sizes from 35 

to 55kW.  This study concluded that 55kW is the best size, that the project could deliver commercial 

benefit and warranted further evaluation. 

The site has previously been the subject of extensive engineering studies for a 25m high dam.  Due 

to the complexity of ground conditions a dam of this size in such a remote location was found to be 

prohibitively expensive.  Data from previous work has been used in the evaluation.  

Feasibility Stage 

This stage refines and expands on previous work to determine both technical and commercial 

feasibility.  The output of this stage is expected to be accurate to the extent that a business decision 

can be made to proceed to consent applications.  Construction remains contingent conditions of 

consent and tenders for construction work. 

The concept design and preliminary assessment of project economics were developed in the 

Preliminary Feasibility Stage.  Work streams for this stage to take this forward and ensure the 

outputs required are: 

I. Land Agreements and access to site 

II. Site Investigations and definition of civil works 

III. Review of flow data including flood levels 

IV. Scope and cost work required for RMA consent/s 

V. Review of energy modelling and optimal capacity 

VI. Assessment of plant proposed 

VII. Determine procurement specifications and commercial terms 

VIII. Determine supply costs (firm offers) 

IX. Review economic models  

X. Reports 
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Concept 

Project concept is to use a rubber dam above a low waterfall on the Te Awainanga River to develop 

4m head and divert water into a concrete channel on the true left hand side of the river.  Water is 

conveyed by the channel into a vertical axial flow turbine and then discharged back into the river.  

The discharge point is into an existing pool below the waterfall, so immediately downstream of the 

diversion weir.  As such there is no diversion reach but there is a waterway impediment at the weir. 

This is a run of river scheme which will produce electricity during winter or whenever rivers flows are 

above 0.8 cumecs which is about 65% of the time, and return the river to more or less its natural 

course during the residual summer or low flow periods.  This return is achieved by using a rubber 

dam which is deflated during low flow periods and as such is expected to have only minor 

environmental effects. 

The site has been inspected by engineers and considered suitable for proposed works.  A full 

engineering description of the site and proposed works are attached at Appendix A and project 

dimensions at Appendix B. 

Rubber dam and generation plant is standard componentry ex China, and all on site works plus plant 

installation can be done with on island resources.  The site is very close to the existing power line to 

Owenga.  

Land and Tenure 

Through the dam site and inundation area the river centreline is the boundary.  Land on both sides is 

in private ownership with a riparian margin along the true RHS.  Under the Resource Management 

Document that governs RMA issues for the island marginal strip is designated as areas of significant 

natural value and vested in DoC. 

CIE has obtained letters of support from the DoC and all affected owners.  It has initiated a 

concession application with the DoC and is looking to purchase areas to be inundated that are in 

private ownership. 

No issues in securing tenure along these lines are envisaged.  CIE owns land in this area that could be 

used for a land swap 

Consents 

A scoping study into work done for previous schemes and further work required to obtain resource 

consents, along with a risk analysis, is attached at Appendix C. 

As with any hydro scheme land use consents plus water and discharge permits are required pursuant 

to the RMA, normally involving both District and Regional authorities.  In this case there is a unitary 

council with all RMA issues contracted to Environment Canterbury. 

Works will also be subject to Building permits however because of the nature of both the dam and 

related works these permits will be perfunctory.  
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Some of the work done for previous proposals can be used but essentially resource consents will be 

green fields, supported by environmental and ecological studies that are specific to this proposal. 

No particular issues are noted in the scoping study and a 95% probability of a positive outcome is 

estimated.  It is noted the rubber dam concept will assist in the mitigation of environmental effects 

which are inevitable with any hydro development. 

Iwi 

Two Iwi claim association with this area, and are represented by the Hokotehi Moriori Trust and 

Ngati Mutanga. 

Oral response from the Iwi groups is that the area is significant as an eel fishery and this will need to 

be protected, and that a full cultural assessment will need to be done.  One party is promoting a 

specialist in indigenous peoples for this assessment. 

The resolution of issues of this nature can be time consuming and for a small project cost 

prohibitive.  As such this does present a project risk, although both Iwi have indicated support for 

the project. 

Hydrology and River Hydraulics 

Hydrology, low flow and flood data has been provided by Keane Associates ltd who has done a 

number of previous assessments on this river and is familiar with the character of the catchment.  

The objective here is to provide the most up to date data for both energy and flood levels. 

There is a NIWA gauging station3 immediately upstream of the dam site which has been in operation 

since July 1986 measuring water level and flow so a very good long term record is available and 

used. 

Further, during April 2007 NIWA surveyed 11 river cross sections between the flow recorder and 

slack water connected with the Te Whaanga Lagoon about 1.5km downstream from the recorder. 

The survey included a longitudinal profile of the river with soundings at 10m intervals along the 

thalweg.  NIWA installed reference pegs at each cross-section that will allow peak flood levels to be 

measured at each point in the future if required.  

The survey was carried out using GPS. The measurement quality is in the order of 10-30mm 

horizontal and 30-60mm vertical.  This is a satisfactory level of precision for hydraulic modelling.  The 

origin of the survey is a benchmark at Rangihapainga Trig which has an elevation of 48.589m above 

mean sea level (amsl) defined in the Chatham Island 2000 circuit.  

The catchment area is 68.2 km2 much of which is overlain with peat.  This tends to have slow 

response as the peat holds water, so provides good flow for hydro development.  Peat does produce 

                                                           

3
 Site 3446051 Grid Reference S1:536512 
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aggressive water quality and corrosion resistant materials are necessary for in water plant and 

construction. 

Flood Levels 

A steady state 2D hydraulic model was developed for previous studies in this part of the river using 

HEC-RAS 4.04 software. This model was constructed using data from the 2007 NIWA survey. 

The elevation of peak water levels for average flow in the river and a range of floods with average 

annual return periods of 2.33 (annual), 20, 50 and 100 years were modelled. The peak flood 

estimates are based on analysis of actual flow records. It was assumed for modelling purposes that 

any inflows entering the river downstream of the flow recorder do not add to the peak flow.  

Details of flood flows and levels are in Appendices A & B.  Because the river channel is controlled 

downstream of the power station flood flows affect energy production by reducing available head, 

and influence the setting of structures for flood resistance. 

Design is based on a 1:100 year AEP5 event with all flood susceptible equipment kept above that 

level.  For events from 1:30 AEP to 1:100 AEP the turbine and conveyance system will be flooded. 

During the mean annual flood event gross head is reduced to 2.4m by choking of the river 

downstream and backwater effects.  It is likely the turbine would be shut down for a short period 

during this condition so the effect on energy output is modelled as both outage and tail-water effect.  

Rubber Dam 

The proposed rubber dam is air filled 2,0m high and 14m in measured length.  The proposed supplier 

is (refer Version B) Co for the weir components and (refer Version B) Co6.  Both are companies of the 

(refer version B) Group which is a state owned manufacturer for mining and nuclear industry plant 

based in north China. 

Rubber dams are widely used in China and this company produces a large number, mainly water 

filled and for domestic use, but also for export. 

The factories were inspected in December 2008.  Both are large modern factories producing very 

high quality.  ISO certification is used and materials standards are reference to European and 

American standards.  Both quality and delivery risk are considered low from this source. 

                                                           

4
 HEC-RAS River Analysis System – User’s Manual Version 4.0 Beta November 2006, US Army Corps of 

Engineers, Institute for Water Resources, Hydrologic Engineering Centre, Davis CA, USA.   

5
 Annual Exceedance Probability 

6
 Represented in ANZ by SDL Power Stations Ltd 
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Generation Plant 

The proposed turbine supplier is (refer Version B) Plant7 in south China.  In contrast to the rubber 

dam producer this is a very basic manufacturing facility for the domestic market, noting however 

they have made a large number of turbines.  They have good design capability by linking to a local 

University, but all documentation is in Chinese only and they use ex soviet standards that are not 

referenced to common standards.  Details of plant are in Appendix B. 

The cost of plant from works such as this is about 30% of that from European manufacture.  This low 

cost has to be balanced with quality risk. 

The manufacturing plant is labour intensive with no automatic welding and few CNC machines.  The 

plant produced tends to be heavy, but is of good basic design, raw castings appear to be sound and 

finished components look good.  Standards and compliance are and will be difficult to confirm, but a 

number of similar units in operation were inspected and appear to be giving good service. 

Despite quality risk the cost advantage and apparent ruggedness of this plant make it attractive.  It is 

considered that developing a relationship and building confidence are stepping stones that will need 

to be navigated, but subsequent procurement from the same suppliers will become easier and have 

less risk.  This manufacturer was selected because they manufacture a wide range of turbines.  Both 

of these considerations are directed at replication. 

Modelling provides for pre delivery inspection which will be essential.  It is possible that 

performance and materials can be indemnified but in any event there will be a cost/risk balance. 

Control System 

The turbine will be double regulated with electric actuators.  Control can be switched from load to 

head water level governing, but will generally stay in head water control mode because maximum 

output is less than minimum demand so other generation will follow load. 

Electrical Connection 

The generator is synchronous with automatic voltage regulation.  The distance from the power 

station to an existing 11kV transmission line is only 500m and a simple tee connection is proposed.  

At the tee DDO’s will be used for isolation and at the powerstation end a network recloser will be 

used as the synchronising breaker.  This provides maximum standardisation and salt resistance 

which are key island factors.   

 

Costs 

 

                                                           

7
 Represented in ANZ by SDL Power Stations Ltd 

Generator Recloser Transformer Spur Line DDO Tee 
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To keep costs low both the rubber dam and generation plant have been sourced from China.  Site 

works and concrete works have been costed to the concept plans in consultation with local 

contractors.  Procurement has been quoted FOB China and delivery to the island priced.  

Ancillary costs are estimated and total project costs summarised in the schedule attached as 

Appendix D. 

Energy Output 

Energy output is derived from an energy model using flow duration data and taking into account 

demand constraints.  There are very good flow records for this part of the river being adjacent to the 

NIWA flow recorder with records from 1988 to Sept 2008 used, and good load duration data for the 

period Jan 2005 to Feb 2009.  Load and flow duration curves are included in Appendix B.  

Optimum capacity is modelled at 55kW with a design flow of 1.9 cumecs and 4.0m net head.  This 

produces 272MWh per year on mean hydrology. 

As a stand-alone project output is not demand constrained, however CIE is currently negotiating 

with a wind farm developer to build a wind farm on the island with CIE taking total demand 

constrained output from the wind farm.  This will constrain hydro energy output as discussed below, 

but also creates opportunity to provide network power quality service. 

Wind Integration Project 

This feasibility report was commissioned as part of a series of studies to find affordable long term 

solutions to the commercial and environmental cost of electricity supply to the island. 

This report concludes that as a stand-alone option micro-hydro is a very worth while development, 

however in the meantime a larger wind development proposal has reached the stage of final 

negotiations for contract supply.  Under this contract, where the wind farm will be owned and 

operated by a third party with all output sold under a PPA with CIE, wind generation will take 

dispatch priority. 

The key relative merits of wind and hydro are set out in the table below, and the reason wind is 

being progressed is that it has sufficient resource to attract contract supply with little capital outlay 

to the island. 

The implementation of a wind project has a direct impact on micro-hydro.  Clearly there will be 

times with low wind and good river flows but times with good wind and low river flows 

predominate. 
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Relative merits of wind and hydro generation 

WIND RUN of RIVER HYDRO 

Plentiful Resource all year Scarce resource with seasonal profile 

Difficult to integrate with diesel Easy to integrate with diesel 

Continuously variable output Seasonally variable output 

Not load following Load following 

Poor power quality (asynchronous) Good power quality (synchronous) 

 

Wind generation calculations indicate an average wind penetration8 of 53% at 1,800 MWh/yr sold, 

and wind distribution is estimated to have a mean wind speed of 9.1m/s with a 2.2 Weibull shape 

distribution.  Two de-rated Vergnet GEV MP275 turbines9 are proposed which will have an output of 

180kW at mean wind speed.  Whilst there is insufficient data to profile the priority constraint effect 

of wind on hydro overlaying output to wind distribution indicates wind would constrain hydro to 

some degree most of the time, as shown in the figure below.  

Probable influence of wind generation 

Weibull(2.2, 180)
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8
 Instantaneous wind penetration 85% 

9
 De-rated from standard 275kW Class 2 blade dimensions to 200kW Class 1 
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However, wind integration into an isolated grid is difficult to manage and it could be that a micro-

hydro system can provide some essential system management at a cost that will offset constrained 

loss of output. 

If it is assumed average wind penetration of 53% is linear across the load duration curve the 

constraint on hydro is negligible provided it can support wind variability.  This indicates that wind 

supply will not impact on the value of this micro hydro project. 

Supply side options to manage wind power quality fall into four main categories, being: 

1. Controlled dump loads to help balance generation and load 

2. Synchronous condensers to provide reactive power and voltage control 

3. Power storage devices such as flywheels and power converters to manage load change 

4. Active control systems 

This micro-hydro could be of value (noting the existing diesel generators are old and could have 

difficulty maintaining power quality) by providing: 

Voltage – the proposed micro-hydro unit has a synchronous generator with voltage regulation and 

can be run as a synchronous condenser. 

Frequency – a flywheel on the micro-hydro shaft will provide inertia that will help dampen load 

change. 

Power factor and reactive power supply – in either generator or synchronous condenser modes the 

micro-hydro can provide reactive power. 

Harmonic distortion – the smoothness of power supply will be improved with a good generator on 

line in either generation or motoring modes. 

There will be insufficient data to model the value of the proposed micro-hydro in this regard until 

the wind system has operated for a full year.  The wind system to be implemented requires a 

minimum of 60kW diesel running continuously to manage power supply and will have actively 

controlled fast acting dump loads.  But it could also be that a variable speed pump recharging the 

micro-hydro reservoir is a better use of wind spill and could justify extra expenditure on a higher 

weir to provide the short storage needed to shut down diesel sets. 

Conclusions in this regard are: 

I. As a stand-alone unit the proposed micro-hydro provides a small but very worthwhile 

addition to the existing diesel system and without wind generation should be built, 

 



CHATHAM ISLANDS ELECTRICITY LTD 

 

WSL Version C   30 March 2009 

 

13 

II. If the wind integration project is implemented this value could be compromised or enhanced 

depending on the nature of wind generation proven during the first year’s operation.  As 

such micro-hydro development should be delayed for a year or until such time as data is 

available to model effect and opportunity of hybrid contribution. 

 

III. As can be seen in the graph below wind, river flows and demand are complimentary. 

 

Wind, Hydrology and Demand Profiles 

 

 

Project Value 

Value is modelled on cash flows over a 25 year life cycle with residual value.  Cost of capital for the 

shareholder Trust is estimated at 8.33% with inflation of 2.5% for both costs and revenues and zero 

tax in accordance with the Trust’s charitable status. 

The required unit price for positive value is determined by linear optimisation, assuming all revenues 

come from electricity sales with no carbon value. 

Modelled costs of generation are: 

Annualised Cost  (EAC) $440 per MWh excluding residual value 

Levelised Cost (LCOE)   $360 per MWh with residual value  
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Because revenue is fixed by the isolated network the biggest economic risk is construction cost 

which has an estimated risk value of $114,000. 

Clearly a hydro project does have residual value with civil works lasting in excess of 50 years, water 

permits being renewable, and the refurbishment of plant being a fraction of initial cost.  As such, and 

assuming sale of generation at $0.3810 per kWh yields a NPV of $82,000 including residual value.  

This represents a good and safe investment. 

Stand-alone Energy Value 

The stand-alone scenario has the micro-hydro running as base load with current demand remaining 

more or less constant. 

The 55kW hydro option producing 272MWh/yr is 13.7% of current generation requirements 

(including system losses) with sales demand of 1,800 MWh/yr, and can be considered as total diesel 

displacement as it does not need running diesel backup and there are diverse capacity diesel sets to 

balance load. 

The effect marked to likely fuel prices at current system performance is given below (all ex GST).  

Tariff reduction is from 1.4% to 5% as fuel price rises.  Whilst the end result is small it is a material 

contribution to forward price stability for the island.  A big difference between micro-hydro and 

wind generation is that hydro is below a threshold of volume risk, i.e. if demand falls with contracted 

wind supply unit price must go up to recover required revenue.  

Effect of micro-hydro generation on delivered electricity price 

Fuel Price 

$/litre inc shipping 

Diesel Generation 

c/kWh delivered 

Hydro / Diesel  

c/kWh delivered 

$1.20 72 71 

$1.40 79 77 

$1.60 86 84 

$1.80 94 90 

$2.00 101 96 

 

Integrated Value – Hybrid System 

As discussed above the development of a wind farm for contracted supply will give priority dispatch 

to wind and this will constrain hydro output whilst diesel generation is required for wind support.  

This loss of energy value may however be offset by the value of voltage control and reactive power 

                                                           

10
 Estimated rate for wind generation 
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supply running as a synchronous condenser, and inertia for system stability11, and will certainly be 

offset if hydro can support wind generation alone.  This will to a large extent be determined by the 

control system that is used in the wind farm to manage variable supply. 

Because the wind control system proposed is developing technology it is not possible to quantify 

effects on hydro output at this stage, except that all involved agree that there is potential for a 

hybrid system to be complimentary.  For this reason it is recommended that hydro development be 

delayed if wind is progressed until such time as actual data is available to model effects. 

Environmental Value 

This micro-hydro project will displace 176 tonnes per year of CO2 emissions from diesel generation.  

This has not been given any commercial value but does assist with the objective of lowering the 

island’s carbon footprint. 

Timeline 

This project could be running by May 2010 with positive action; however the time required obtaining 

a concession to occupy a marginal strip and to obtain agreement with Iwi mean that early 2011 is 

more likely.  In river construction is simple but constrained to summer, and this delay has little effect 

on NPV.  

Conclusion and recommendations 

This is one of the best mini hydro sites on the island, is close to existing services, would be easy to 

construct, delivers positive value as a stand-alone project and is affordable. 

Pre construction issues should be progressed now.  Whilst wind supply introduces a value risk this 

could be positive or negative, and pre cursors to construction are time consuming.  As such a staged 

approach should be initiated to cross the initial hurdles in this order: 

1. DoC Concession and Iwi agreements  

2. Land Acquisition agreements 

3. Consents 

During this time further work needs to be done securing the best quality and performance indemnity 

for Chinese plant, so that when and if decisions are made on wind supply a business decision on 

micro-hydro is mechanical.  As discussed this is simply with no wind farming ‘build now’ and with 

wind farming ‘delay construction’. 

Key risks are covered with these precursors so that if a decision is made to proceed it should only be 

contingent on an updated and refined economic model. 

                                                           

11
 The proposed hydro plant has a flywheel 
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Replicability 

Most hydro sites have specific head and flow which means use of standard plant (such as with diesel 

units) is difficult to achieve and each site will require specific plant.  However what is being 

developed here is a supply chain where the objective is to build confidence in low cost manufacture 

so that both cost and quality can be relied on. 

Studies for this report indicate this is achievable and whereas the next site may have different 

parameters the procurement process developed here will become easier and more reliable. 

Appendices 

Appendix A – Project Description 

Te Awainanga Mini Hydro Project Engineering Summary Report 

By: Dam Watch Services Ltd – March 2009 

Appendix B – Project Dimensions 

Lower Te Awainanga Micro-hydro Project – Project Dimensions 

By: Watershed Solutions Ltd – Feb 2009  

Appendix C – Consents 

Te Awainanga Micro Hydro Project 

By: MWH New Zealand Ltd – March 2009 

Appendix D – Capital Costs Schedule 

Lower Te Awainanga Micro Hydro Costs Summary 

By: Watershed Solutions Ltd – March 2009 

 

 

 

 

 

 

 

 


