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Executive summary 

The Government of the Cook Islands (GCI) has a policy of 100% renewable energy by 2020. The 
implementation of this plan is well underway, with renewable energy systems installed at half of the 
inhabited islands (the Northern Group) in 2014-15, and systems for most of the Southern Group 
planned for installation in 2016-17. Rarotonga, in the Southern Group, has by far the largest 
population (10,572 resident population, compared to 14,974 for the whole of the Cook Islands 
according to the 2011 Census) and electricity consumption (29 GWh in 2015 according to Ministry of 
Finance and Economic Management data) compared to the other islands, and thus will be 
implemented in an ongoing manner through to 2020.  

GCI has entered into funding agreements with several parties to assist in meeting its policy 
objectives. The Asian Development Bank (ADB) is administering funding from itself, the European 
Union (EU), under the Cook Islands Renewable Energy Sector Project (46453-002). Additionally, GCI is 
administering funds from itself and the Pacific Environment Community (PEC) to support the project.  

The component of this project is a Battery Energy Storage System (BESS) proposed to be funded by 
GEF for installation on Rarotonga.  

This report sets out Entura’s assessment of the feasibility of the Rarotonga BESS subproject. Entura 
has assessed the feasibility of this subproject according to the selection procedure and selection 
criteria set out in the Project Administration Manual. The procedure included: 

 consultation with relevant stakeholders to obtain site data and identify the relevant 
constraints on the project 

 identification, definition and endorsement of the subproject 

 detailed assessment as per the selection criteria 

 submission of the proposed project and performance against the selection criteria for approval 
(this report). 

The proposed concept for the Rarotonga BESS arose from an increasingly complex power system, 
with a number of system constraints and drivers as outlined below: 

 There is 3.0 MW of renewable generation already in the grid on Rarotonga, most of it small 
scale distributed solar photovoltaic (PV) systems (e.g. domestic rooftop and small independent 
power producers (IPPs)), but also including a 1 MW solar PV. This provides approximately 13% 
of the total energy requirements on Rarotonga, which is an important contribution to the Cook 
Islands policy targets.  

 Grid stability criteria mean that without system changes further installation of renewable 
generation will soon reach a stability limit. Disrupting the roll-out of renewable generation will 
impact on the ability to achieve the Cook Islands policy targets, as well as impacting local 
businesses, employment, and broader stakeholder confidence in delivery of the renewable 
energy policy. 

 Installing additional renewable generation without exceeding grid stability limits requires 
substantial technical and commercial changes in the operation of the grid and interaction with 
IPPs. These need to be carefully planned out in accordance with the Cook Islands Renewable 
Energy Chart Implementation Plan (CIRECIP), so as to minimise a range of potential technical 
and commercial issues. 
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In consideration of the above, and a range of other practical considerations identified in this report, 
the Rarotonga BESS subproject has been designed to implement two actions: 

 Supply and installation of a 1 MW / 4 MWh BESS adjacent to the Airport solar PV array 

 Implementation of a control algorithm, as set-out herein, that will manage charging and 
discharging of the BESS in conjunction with curtailment of the Airport solar PV array, and up to 
2.0 MW of appropriately specified potential future solar PV generation enabled through the 
project. 

The benefits of the subproject will include: 

 Annual diesel fuel savings of approximately 575,000 litres (an average of 2.3 GWh of electricity 
per annum) (see Appendix B) 

 Carbon dioxide reductions of approximately 1,370 tonnes (see Appendix B) 

 Enabling connection of 2.0 MW of additional solar PV generation, about 10% progress towards 
the total estimated renewable generation  

 Demonstration of a key application of battery energy storage, with the potential to form a 
technical and commercial model for future installations, including IPP supply 

 Improved reliability, and more flexibility to address reliability issues, relative to the base case 

 Surety for local businesses and employers providing renewable energy supply and installation 

 Confidence for a range of stakeholders in the viability of the Cook Islands renewable energy 
policy, by avoiding disruption 

The BESS itself will store renewable energy with a round efficiency of around 80%, discharging 
approximately 710 MWh of energy annually.  

Operation of the system, relative to the base case, is illustrated in the following figures. It is 
important to note that while the proposed system has more excess renewable energy than the 
existing system, this excess energy can be utilised through strategies being put in place by GCI and 
TAU, including load shifting through time of use (interval) metering and smart grid technology.  
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It is important to note that the assumed base case is a scenario where there is 4.2 MW of installed 
solar PV generation, including the Airport solar PV array. This is approximately 1.2 MW more than 
the current situation. The stability of this base case has not yet been tested, and is above the current 
established limit of 3.3 MW renewable generation, and there are potential risks in this additional 
1.2 MW of installation. However, the proposed subproject is expected to offer additional flexibility 
and opportunities to address any reliability issues, and the modelling undertaken shows that basic 
reliability measures should improve with the project.  

For this subproject, assessment was performed against criteria in the following categories: 

 access to renewable energy 

 technical viability 

 economic efficiency 

 financial viability  

 environmental Impact 

 land acquisition and resettlement 

 counterpart funds 

The proposed subproject was considered to satisfy all selection criteria.  
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1. Introduction 

This report sets out Entura’s (acting as the project owners’ engineer) assessment of the feasibility of 
the Rarotonga Battery Energy Storage System (BESS) subproject, for the Cook Islands Renewable 
Energy Sector Project. This subproject has been developed to maintain grid stability in response to 
rapidly increasing renewable generation within the Rarotonga grid, utilising funding assigned by the 
Global Environment Facility (GEF). 

The purpose of this report is to provide a detailed definition of the Rarotonga BESS subproject, and 
to demonstrate its feasibility and compliance with all subproject selection criteria.  

1.1 The Cook Islands Renewable Energy Sector Project 

1.1.1 Overall policy targets and implementation plan 

The current electricity consumption in the Cook Islands is approximately 34.5 GWh/year. Demand is 
dominated by the main island of Rarotonga (29 GWh/year), which has a resident population of 
10,572 (2011 Census). Aitutaki, which has a resident population of 1,771 (2011 Census), also has 
significant demand (3.6 GWh/year). The other 10 inhabited islands have a total population of 2,631 
(2011 Census) and the remainder of the demand (1.9 GWh/year). The distribution of electricity load 
is shown in Figure 1.1. Prior to about 2012, all electricity was generated from diesel fuel. 

 

 

Figure 1.1: Average load (kW) in the Cook Islands, showing three scales: Rarotonga, Aitutaki, and the 
other 10 inhabited islands. 

The Government of the Cook Islands (GCI) has a policy of 100% renewable electricity by 2020. The 
implementation of this plan is well underway:  
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 Rarotonga, in the Southern Group, has installed approximately 3 MW of renewable energy 
since 2012, including a 1 MW solar PV array at the airport, and approximately 2 MW of 
distributed solar PV (about 11% of total energy) 

 Complete Renewable energy systems were installed at half of the inhabited islands (the 
Northern Group) in 2014-15 (2% of total energy) 

 Complete renewable energy  systems for four islands of the Southern Group are planned for 
installation in 2016-17 (3% of total energy) 

 A further partial (30%) renewable energy system is also planned for Aitutaki in the Southern 
Group in 2016-17, with a plan developed to complete the system and reach close to 100% on 
Aitutaki by 2020(4% of total energy) 

  

Details of the implementation schedule, including completion of projects and renewable energy 
contribution, are shown in Table 1.1. 

Table 1.1: Implementation plan for renewable energy in Cook Islands 

 Islands Completed 
(50% Target) 

Scheduled  
(Remaining 50%) 

2015 2016 2017 2018 2019 2020 

N
o

rt
h

er
n

 C
o

o
k 

Is
la

n
d

s 

Minihiki       

Nassau        

Palmerston        

Phnrhyn        

Pukapuka        

Rakahanga        

So
u

th
er

n
 C

o
o

k 
Is

la
n

d
s 

Atiu       

Mangaia       

Mauke       

Mitiaro       

Aitutaki       

Rarotonga       

 % energy 13% 16% 33% 52% 71% 90%-100% 

Legend  One-stage implementation 

 Multi-stage implementation 

Renewable energy in the Cook Islands is currently dominated by solar PV (about 99%), with a few 
small wind turbines in the 10-20 kW range. Over the period of the implementation plan, solar is still 
expected to dominate due to a good resource and relatively simple implementation requirements, 
however, the relative contribution from wind power is expected to increase. The final make-up will 
depend on a range of issues. 
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1.1.2 Contribution of the Cook Islands Renewable Energy Sector Project 

GCI has entered into funding agreements with several parties to assist in meeting its policy 
objectives. The Asian Development Bank (ADB) is administering funding from itself and the European 
Union (EU) under the Cook Islands Renewable Energy Sector Project (46453-002). Additionally, GCI is 
administering funds from itself and the Pacific Environment Community (PEC) to support the project. 
Collectively, the Cook Islands Renewable Energy Sector Project includes the following subprojects: 

 Phase 1: Designed to deliver 95% renewable power generation to the islands of Atiu, Mangaia, 
Mauke and Mitiaro, by implementing: 

o Solar photovoltaic (PV) plants (with battery storage and diesel generator backup) 

o Distribution rehabilitation  

 Phase 2: Designed to deliver progress towards 100% renewable power generation on the 
islands of Rarotonga and Aitutaki by implementing: 

o 1 MW solar PV plant on Aitutaki, contributing about 30% of energy needs 

o 2.0 MW solar PV installations on Rarotonga, contributing about 8% of energy needs 

o BESS on Rarotonga, to enable the above 2.0 MW of additional solar PV to be connected 
to the grid and reduce electricity spilt by existing solar PV, by improving grid stability. 

Phase 1 subprojects have met the subproject selection criteria (including technical, safeguards, 
financial and economic) and have been approved for implementation. Phase 2 projects are currently 
progressing towards approval. 

1.2 Global Environment Facility subproject  

This report specifically relates to the BESS on Rarotonga, which is developed to utilise GEF funding. 
The project identification form (PIF) for the GEF grant was approved in April 2015. Since preparation 
of the PIF, significant work in scoping of the subproject has taken place resulting in an evolution of 
the subproject definition. The justification of the current project scope is provided in the report of 
the Project Owner’s Engineer (POE), Entura, ‘Scoping study for battery storage on Rarotonga’ dated 
27 January 2016. 

The following changes in alignment with the original PIF are noted: 

 The project scope will be limited to Rarotonga. By contrast, the PIF left open application to 
Rarotonga and / or Aitutaki. 

 The ‘roadmap’ for the Cook Islands to achieve its 100% renewable energy targets by 2020 is 
called the Cook Islands Renewable Energy Chart Implementation Plan (CIRECIP). The CIRECIP 
has been significantly updated from the 2012 version available at the time of the PIF. The 
current 2016 CIRECIP draft presents a detailed implementation plan and work schedule to 
achieve the policy targets. The proposed Rarotonga BESS subproject is closely aligned with the 
CIRECIP, and is an important enabler and demonstration project. 

 The Rarotonga BESS subproject scope will be limited to storage system procurement including 
the related energy management system. By contrast, the PIF identifies a broader scope:  

o “1) additional solar PV generation and storage system procurement including the 
related energy management system, and 2) an EPC-based turnkey contract for solar 
PV system”.  
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This change is precipitated on the basis that installation of additional PV generation is currently 
being driven by a strong private sector market, and is aided by the recent acquisition by GCI, 
using PEC funds, of approximately 1.4 MW of solar PV panels for Rarotonga. And so, further 
investment in solar PV by GCI is not required under this subproject. The current need (aligned 
with the CIRECIP) is clearly to increase the amount of PV that can be installed within the grid, 
and this will be achieved using storage system procurement including the related energy 
management system. 

 By being able to leverage the Rarotonga BESS project to allow more solar PV generation to be 
installed, greenhouse gas (GHG) benefits are likely to be in excess of the estimates in the PIF. 

1.3 Subproject selection procedure 

The selection of the Rarotonga BESS subproject must comply with ADB and GEF requirements. The 
Project Administration Manual (PAM) sets out the subproject selection procedure. In summary, the 
steps are as follows: 

1. Conduct stakeholder consultations in cooperation with Te Aponga Uira (TAU) and Renewable 
Energy Development Division (REDD) to identify candidate subprojects. 

2. Seek endorsement of the subprojects from the Office of Energy Commissioner (OEC). 

3. Carry out subproject appraisal in accordance with the subproject selection criteria, in 
cooperation with TAU and REDD. 

4. Review of the due diligence report (this document) and endorsement by OEC and the Project 
Steering Group (PSG), which includes representatives from the Ministry of Finance and 
Economic Management (MFEM). 

5. Submission of the due diligence report to ADB for formal approval of the subproject. 

6. Confirmation by PSG of CIG approval and availability of funds, including counterpart funds. 

Full details are included in the PAM. 

1.4 Subproject selection criteria 

The selection of subprojects will be guided by the CIRECIP (2012 and 2016 update) and stakeholder 
consultations.  

As per the PAM, the subproject selection criteria that must be satisfied are: 

1. Access to renewable energy. Subprojects shall confirm contribution to CIRECIP 
implementation and must be in line with the government priority. Choice of renewable 
technology is solar photovoltaic power and/or its associated grid stabilisation facilities such as 
secondary battery to control frequency and voltage fluctuation.  

2. Technical viability. Subproject shall demonstrate technical viability with solar irradiation 
resource assessment, electricity yield forecasting, electricity load demand forecasting, 
geological and topological assessment, capital and operation and maintenance costs 
estimates, layout design, and grid integration simulation.  

3. Economic efficiency. The subprojects must be economically viable and shall have 
demonstrated an economic internal rate of return (EIRR) equal to or greater than 12%, or with 
EIRR of not less than 10% for subprojects with significant unquantifiable benefits. An economic 
analysis shall be conducted in accordance with ADB's Guidelines for the Economic Analysis of 
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Projects (1997, as amended from time to time). Each subproject will be assessed for its 
contribution to: (a) savings in diesel use and associated costs including freight, (b) savings in 
transmission losses, and (c) savings in reduced CO2 emissions.  

4. Financial viability. The financial rate of return shall be greater than weighted average cost of 
capital, and must be robust under various adverse conditions; and the subproject investment 
cost, operation and maintenance cost, and cash inflows must be clearly presented and 
reasonable. The electricity tariff to be applied shall be set based upon levelised cost of 
electricity in principal and applicable laws and regulations to ensure financial sustainability of 
the subproject.  

5. Environmental impact. Subproject environmental selection criteria will exclude subprojects 
that are likely to cause major environmental impacts (environmental category A), according to 
ADB’s Safeguard Policy Statement (SPS, 2009). Environmental screening will be conducted for 
all subprojects. In selecting subproject sites, the following environmental criteria will be used 
for the first level of screening. If the site does not meet any of the criteria, then the subproject 
will not be approved as part of the project. Subprojects approved for funding under the project 
must not: (a) be classified as category A in accordance with ADB’s SPS; (b) result in significant 
loss of, or damage to, natural environments, such as forests, reefs, mangroves, or other 
sensitive areas; (c) have a permanent negative effect on a known or endangered species; or (d) 
cause permanent damage to irreplaceable cultural relics and archaeological sites. 

6. Land acquisition and resettlement. No subproject that requires land acquisition with 
significant resettlement impact, according to ADB’s SPS, will be eligible for funding under the 
project. The inclusion of a candidate subproject for project financing is contingent on 
compliance with agreed eligibility criteria. To minimise land acquisition and its impacts, the 
criteria are as follows: (a) the subproject is designed to minimise land acquisition including 
reduction of geometric standards where needed to avoid significant impacts, (b) the inclusion 
of the subproject has broader community support, (c) the proposed works minimise the 
displacement of residential structures or other permanent structures, (d) there is negotiated 
agreement with affected owners and communities for acquisition of land, and (e) there is no 
other significant adverse environmental or social impact. 

7. Counterpart funds. The Ministry of Finance and Economic Management (MFEM) will confirm 
that funds and resources necessary for the installation, operation, and maintenance of each 
subproject are provided on time. 

Additionally, in accordance with GEF requirements, the feasibility must address: 

1) the global environmental and / adaptation problems, root causes and barriers that need to 
be addressed; 2) the baseline scenario or any associated baseline projects, 3) the proposed 
alternative scenario, GEF focal area strategies, with a brief description of the expected 
outcomes and components of the project; 4) incremental / additional cost reasoning and 
expected contributions from the baseline, the GEFTF, LDCF, SCCF, and co-financing; 5) global 
environmental benefits (FEFTF) and / or adaption benefits (LFCF/SCCF); and 6) 
innovativeness, sustainability and potential for scaling up.  

Each of the above selection criteria are addressed in this report, setting out the justification of the 
project.  
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1.5 Subproject selection steps 1 and 2 

As noted in Section 1.2, the definition of the subproject has been firmed up relative to the PIF. The 
process of subproject definition is documented in the POE report, ‘Rarotonga Battery Energy Storage 
System’ dated 27 January 2016. It involved a range of stakeholder consultations and pre-feasibility 
assessment of candidate concepts, in cooperation with Te Aponga Uria (TAU) and the Renewable 
Energy Development Division (REDD). Endorsement of the selected subproject, as assessed therein, 
was provided by the Energy Commissioner. 

1.6 Background technical requirements 

This section provides a brief summary of the technical requirement for the Rarotonga BESS. Further 
background is available in the GEF scoping study (POE report, ‘Scoping study for battery storage on 
Rarotonga’ dated 27 January 2016) and the CIRECIP (2016 draft). 

To reach close to 100% renewable energy generation, around 23 MW of renewable generation and 
70 MWh of storage is required on Rarotonga. Currently, there is about 3.0 MW of generation 
installed, providing about 13% of the island’s energy requirements, but practically no storage. 
Installing a small proportion of renewable generation in a grid works well, as it effectively reduces 
load (and fuel consumption), without the need for storage, while the diesel generators remain in 
control of the grid providing most of its reliability and system functions. However, there is a limit to 
how much renewable generation is possible in this arrangement – when renewable generation 
causes power station loads to dip below zero for an instant the diesels cannot compensate and 
system reliability is lost. Similar issues can exist with diesel overloading, and are further compounded 
by high O&M cost if diesel generation is routinely operated below diesel minimum load (typically 
30% of rated load). TAU commissioned a study, prepared by KEMA, which puts the limit of renewable 
generation in the grid at 3.3 MW1. With current rates of installation, the 3.3 MW limit will be reached 
in the first half of 2016, so action is required if installation of more renewable generation is to be 
permitted. 

A priority for TAU is to continue installation of renewable generation towards the country's 100% 
renewable electricity goal. To permit this, three initiatives are underway: 

1. 4.2 MW stability limit 

In an attempt to ensure customer demand for solar is met, and to maintain the capacity of 
local installers to achieve long term renewable energy objectives under the CIRECIP, TAU is 
considering implementation of an increased limit on the renewable generation in the grid to 
4.2 MWp (dc) (i.e. in-excess of the KEMA 3.3 MW limit). This is a short-term measure to 
minimise disruption over the next 12 months (at current rates of installation, the new limit 
should be reached in mid 2017). 

To prevent faults under this scenario, TAU plans to 'curtail' the output of the 1 MW Airport PV 
array (owned by TAU) as required. In effect, TAU will sacrifice production of its own renewable 
energy asset to minimise disruption and maintain wider engagement with the renewable 
energy program for the Cook Islands. Entura notes that modelling of this scenario in 
Section 4.9 indicates that there may be other risks associated with this approach. 

                                                                    

1 KEMA / DNV, 4 December 2012. Rarotonga, Cook Islands, Distributed Renewable Generation Study 
Integrating PV Solar and Wind generation with the TEC electric system (for Te Aponga Uira O Tumu-
Te_Varovaro) 
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The 4.2 MW limit represents a technical barrier to more renewable energy associated with 
reliability, which would not be extended further without significant technical interventions. 

2. Network Study 

TAU is preparing to commission a detailed Network Study, to determine the long term 
technical and commercial requirements for implementing storage and grid enabling 
technology. This will form a roadmap, the implementation of the recommendations of which 
will ultimately lift the stability limit sufficiently to allow enough renewable generation to be 
installed to reach close to the 100% goal. 

3. Rarotonga BESS 

The Rarotonga BESS (GEF funded) project is being planned, which will significantly increase the 
amount of solar PV that can be connected (by about 7% of the total renewable generation 
requirement), to allow more time to complete step 2 (above), while continuing installation of 
renewable generation, and maximising the output of generation already installed or 
committed.  

Note that initiatives 1 (4.2 MW stability limit) and 2 (Network Study) above may proceed to 
implementation regardless of the Rarotonga BESS project. In the context of these actions, the 
Rarotonga BESS is important due to providing an interim measure, providing technology 
demonstration and capacity building, and having an integrated role as part of the longer term 
network solution. Specifically, the proposed BESS has the capability to do the following: 

 reduce risks associated with increasing the 4.2 MW stability limit, and store excess generation 
from the airport PV array 

 extend the potential to continue installing new renewable generation beyond that offered by 
4.2 MW stability limit2 

 allowing time to develop the Network Study and commence implementation 

 providing detailed data, experience, and a demonstration model for technical and commercial 
operation of a BESS to inform the Network Study 

 integrate seamlessly with likely outcomes of the Network Study, providing ongoing controlled 
load shifting in coordination with station operations. 

 
  

                                                                    

2 And if the 4.2 MW limit ultimately proves to be beyond the system capabilities, then the proposed project will 
still allow installation of new solar PV beyond the final base case limit. 
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2. Rarotonga BESS subproject description 

The Rarotonga BESS subproject, as assessed herein, comprises an integrated Battery Energy Storage 
System (BESS) connected into the Rarotonga Grid, and a control algorithm to be implemented in the 
existing TAU SCADA, which will control the charge / discharge settings of the BESS and the output of 
large scale solar PV with curtailment capability. The subproject will not, in and of itself, produce any 
new renewable energy. However, it will capture and supply renewable energy that will otherwise be 
spilt, and it will enable around 2.0 MW more renewable energy to be connected to the grid than 
would otherwise be possible.  

2.1 Selection of the subproject 

The following sections describe the basis for selection of the subproject. The starting point for this 
selection process was a decision made by the Project Steering Group (in consultation with TAU and 
Entura) that the high level scope of the project be limited to battery energy storage on Rarotonga. 
This decision reflected the significant needs of Rarotonga for enabling technology, and the need to 
gain experience in battery energy storage systems that could provide significant local capacity 
building and develop the basis for broader implementation. 

Thus, the following sections focus on the detailed implementation options for battery energy storage 
on Rarotonga. 

2.1.1 Background and drivers 

Rarotonga, with installed renewable generation of approximately 3.0 MWp, is close to the stability 
limits of solar PV penetration in the current grid (currently estimated at 3.3 MWp). At the same time, 
it will need to accommodate almost 10 times that amount of generation by 2020 in order to meet its 
renewable energy targets. As such, it is necessary to install enabling technology to facilitate 
connection of additional generation. Enabling technology typically can take two forms (with some 
cross-over in terms of functionality): 

 Grid stabilisation 

Incorporates technology which is installed to manage the impact of fluctuations in generation 
on the grid (including trips of large distributed generators), so as to permit more renewable 
generation to be integrated while maintaining power quality and system reliability. Measures 
typically start with a control system for managing the scheduling and operation of subsystems 
and power flows (e.g. SCADA), and can add a range of technologies such as high power 
batteries, flywheels (e.g. synchronous converters, diesel uninterruptable power supplies), 
demand side management, and resistors / load banks to reduce reliance on diesel generators. 
Where new generation is distributed further enablers may be required to manage the 
increased variability of grid conditions, such as specific standards/functionality for new 
generation, automatic voltage switching transformers, STATCOMS, communications for 
distributed control and new protection schemes. Full details are supplied in the Cook Islands 
Renewable Energy Chart Implementation Plan (CIRECIP, 2016 Draft). 
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 Load shifting 

Load shifting is where generated energy is stored for relatively long periods, for use when 
generation is not available. Typically, in the case of solar PV systems, this relates to the daily 
cycle of charging during daylight, and discharging overnight. Many grid stabilisation systems 
also store energy, however, these typically store energy from milliseconds to a few minutes, 
whereas load shifting is optimised for storing energy for several hours (or even days). Further 
details are supplied in the CIRECIP (2016 Draft). 

For systems with medium level contributions from renewable energy (~20-40% of energy supplied by 
renewables), grid stabilisation is typically the priority as it provides the most cost effective approach 
enabling further addition of variable generation. That is, through the use of sophisticated but 
relatively low cost enablers, the renewable generation can be ‘firmed up’ to address grid stability 
issues at the same time as reducing diesel minimum loads. Medium contribution systems require 
renewable energy installed capacity in excess of what can be absorbed by the system, and so also 
require methods to manage surplus energy. This can be through curtailment of renewable 
generation, adding artificial loads, and/or storage in batteries or other systems.  

For systems with high renewable contribution dominated by solar (> 40% of energy supplied by 
renewables), additional load shifting is necessary to use energy generated during the day to meet 
night time load. Planning is required to ensure these larger energy storages build on the capability of 
the previous enablers instead of causing them to become redundant. 

In the above context, the current situation on Rarotonga is very interesting. This is because although 
the system is currently transitioning from low to medium renewable contributions, the transition is 
happening very quickly and will move to high renewable contribution within a few years. This raises 
several broader considerations: 

 Solar PV installation is occurring rapidly, and there are advantages in developing simple, low 
cost management techniques to minimise disruption to the grid as more comes on line.  

 It is important to minimise disruption to PV installation rates. Continuing installation of solar 
PV will maintain the capacity of local businesses, and is likely to be necessary to reach total 
installed capacity targets by 2020.  

 Solutions that would make most technical and commercial sense for a medium renewable 
contribution system may not be the most appropriate solution in the longer term as the 
system progresses to high renewable contributions. Due to the high capital cost and long life of 
most generation and enabling equipment, it will be difficult to replace incompatible 
equipment and commercial agreements, possibly leading to a development deadlock. 

 Rarotonga is aiming to supply 100% renewable electricity by 2020, however, in line with the 
guiding principles of the renewable energy policy, this will be limited by availability of 
technology and the system economics (impacting tariffs and access to electricity). It is not fully 
clear at this time what level of renewable contribution will be achieved by 2020 (even if 100% 
is achieved, biodiesel may play a significant role).  

 TAU has also acknowledged that it currently has limited capacity and data to support 
implementation of sophisticated, advanced control system functionality for integrating grid 
stabilisation technologies necessary for high renewable contribution. It is working as rapidly as 
possible on developing and acquiring this capability (including skills development, systems 
upgrades, and technical assistance), and planning grid stabilisation investments, and the 
planned Network Study is an important part of this. However, this process will take time to 
complete. 
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In consideration of the above, there is an acknowledged need for detailed planning and development 
(to be captured through TAU’s Network Study). There is also a need for some immediate action to 
alleviate capacity constraints. These needs should be sufficiently flexible to fit within likely longer 
term plans that are not yet fully defined. 

2.1.2 Project options and staging requirements 

Entura has reviewed a range of inputs and identified several project options that were considered 
against the drivers identified above.  

The data considered is as follows: 

 Airport solar array data log (5 minute time series of all system parameters since 
commencement of operation in September 2014 to November 2015, with approximately 
4 months missing data at the start of 20143), supplied by TAU. 

 TAU generator logs (30 minute generation time series for each generator and total output for 
December 2012 to November 2013, and January 2014 to November 2015), supplied by TAU. 

 TAU feeder logs at power station (1 hour feeder load time series for each feeder and total load 
for December 2012 to November 2013, and January 2014 to November 2015), supplied by 
TAU. 

 Substation data logs (15 minute to 1 hour time series of load, frequency, voltage, current and 
other parameters for each substation for January 2014 to November 2015), supplied by TAU. 

 Database of solar PV connection applications received by TAU up to November 2015 (includes 
capacity (AC / DC), approval and connection status, feeder and substation for connection), 
supplied by TAU. 

 Solar irradiance, temperature and wind speed for Rarotonga (1 minute typical meteorological 
year), supplied by Meteonorm. 

The project options considered are described below: 

1. Centralised BESS at the power station to provide grid stabilisation in coordination with diesel 
generator operation. 

o Installation of a high power BESS at the power station that is integrated with the diesel 
generator SCADA to manage fluctuations in the aggregate solar PV generation. The BESS 
would respond very quickly (within milliseconds) by either supplying or absorbing power 
to smooth out rapid changes in load (as seen by the diesel generators). These rapid 
changes in load are largely associated with changes in solar PV generation output on the 
feeders. With this ‘smoothing’ in place, substantially more solar PV can be installed in 
the network while maintaining power quality and system reliability. This approach 
would require a large load bank or PV curtailment system to manage the BESS state of 
charge when PV generation is very high (i.e. otherwise the BESS would reach capacity 
and not be able to fulfil its function). 

                                                                    

3 Missing data appears to be associated with data logging errors in the system. This has not substantially 
impacted on the analysis: given these quality control issues an alternative modelling approach was used, 
estimating solar PV output using the solar PV model and Meteonorm resource data, and the available array 
data was used for validation. 
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2. Colocation of BESS with the Airport solar PV array to utilise load shifting and curtailment to 
reduce variably.  

o Colocation of BESS with the Airport solar PV array would conceptually firm the output of 
the solar PV array in response to a command point set by the power station. This would 
be achieved by combining storage and generation of energy from the BESS at the solar 
PV array connection point, with curtailment of the PV output when necessary. This 
strategy should result in significant reduction in PV array generation variability, while 
also allowing a net absorption of energy during the day for release overnight. The BESS 
will perform more load shifting as there is an increase in solar PV installations elsewhere 
within the network. 

o The BESS could be located adjacent to the existing array on Airport Authority land 
(existing Government freehold title) or on the TAU substation site (also existing 
Government freehold title). 

2.1.3 Preferred approach 

A detailed, quantitative analysis of Option 1 is not currently possible without an extensive data 
collection program in conjunction with TAU. It is possible to make simplifying assumptions about the 
system operation, however, without detailed high frequency data (millisecond), the system (and 
benefits) will effectively reduce to be the same as for Option 2 (i.e. the high frequency aspects could 
not be properly quantified). Further, and more importantly, using BESS for high frequency control is 
novel with many control and power station integration challenges.  Consequently there is 
considerable technical complexity and risk in achieving the goals of Option 1 at this time. The greater 
technical challenge would also translate to longer lead times and potential for commissioning delays. 

Since the implementation of a new SCADA system early in 2016, data collection for Option 1 is 
feasible (and recommended), but is likely to require 3-6 months to complete and develop adequate 
system modelling. By contrast, detailed technical analysis, modelling and quantitative analysis of 
Option 2 is more straightforward, has been completed, and is presented in Section 4.  

It is notable that neither Option 1 nor Option 2 excludes the other, and in fact both are likely to be 
required to further increase renewable contribution. Hence it is more appropriate to view them as 
stages in the implementation plan with only Option 2 ready for funding now. Option 1 requires 
further design and development in coordination with other activities, and steps towards this should 
be progressed so that a decision to proceed can be sufficiently informed (and sufficient capital 
secured). 

Taking into consideration past experience, the power station option (Option 1) is likely to offer more 
capacity to install new generation, however as noted above, system data limitations mean this 
cannot yet be adequately quantified.  By contrast, the load shifting option (Option 2) is better aligned 
with the current drivers and limitations at Rarotonga. In particular, Option 2 has the ability to be 
implemented now with a shorter lead time, and to provide the necessary renewable energy capacity 
increase to allow new generation to continue being installed while other solutions are developed 
(including Option 1 and potentially distributed load shifting). Further, Option 2 will not become 
redundant in the longer term, and will continue to support future initiatives.  

Option 2 is thus proposed as the preferred option, on the basis of the following advantages: 

 It can be adequately modelled, designed, and the benefits quantified now. 

 It is a relatively stand-alone option that can be implemented now without the need for 
additional data collection, trials, or capacity building, and largely independently of the current 
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upgrades to the power station, generators and SCADA (though communications protocols will 
still need to be carefully considered). 

 It can be implemented on existing freehold government land, without any land acquisition or 
resettlement implications, and without any anticipated environmental impacts. 

 It provides demonstration of a model concept for future integration of renewables by firming 
up output through set-point control. The proposed system is both relatively future proof (its 
role in the grid will continue, or potentially be enhanced, as more renewables come on line), 
and a clear and low risk opportunity to demonstrate operation of coordinated BESS and 
generation. 

 It allows for the best economy of scale through a large BESS at a single location.  

By contrast, Option 1 has the following limitations: 

 Insufficient data currently available to properly design the BESS, to model its operation or 
evaluate its performance.  

 It is not readily implemented as a stand-alone option and requires other interventions (such as 
load banks to prevent reaching BESS capacity limits) to function effectively. 

 It includes more technical complexity and risk. 

 A system that meets the budget requirement will need to be expanded as renewable 
generation grows beyond its capability. This could create significant integration challenges in 
the future. 

 TAU may not currently have the capacity to operate and manage the control of this system.  

Overall, while Option 1 is considered a critical part of the long term system, it requires extensive 
further planning, integration and design (in conjunction with other systems), which TAU are 
addressing through their Network Study. Completing this integrated study first prior to 
implementation of this option is a sound approach. Option 2 is also a critical component  and can be 
planned in detail now and implemented quickly enough to prevent disruptions to the system, at the 
same time as being a key demonstrator of future integrated storage projects (which will be required 
on Rarotonga).  

Of the two land options identified for Option 2, the Airport location for the BESS is preferable as it 
will entail less technical demands in connection. 

Preliminary modelling of the BESS operation suggested that for the solution to work technically, it 
should be rated in the order of 0.6-1.5 MW, with a capacity of 2-6 MWh. This was deemed to be 
achievable within the budget and land area constraints. The detailed modelling and assessment 
process carried out after the scoping study has narrowed this down to a 1 MW, 4 MWh BESS as 
providing the optimal technical solution within the budget and space constraints. 

The above selection process was carried out in consultation with REDD, TAU, Cook Islands Airport 
Authority (CIAA) and ADB, and endorsed on 8 February, 2016. 

On the basis of the above process, the following sections describe the proposed system. 
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2.2 Physical description 

The BESS will be located at the Rarotonga Airport, directly adjacent to the existing 1 MW solar PV 
array (Te Mana Ra) operated by TAU. The proposed site is within the boundary of an existing land 
lease from the Cook Islands Airport Authority (CIAA) to TAU.  

The BESS will be a fully self-contained energy storage system comprising battery cells, power 
conversion system, control system, environmental controls, protection and switchgear, racking and 
electrical wiring. It will consist of up to 4 x 40 foot ISO containers and an external pad-mounted 
transformer, as well as underground high-voltage (HV) cabling to connect the BESS to the existing 
solar PV array HV connection.  

Given the space constraints and power requirements, it is likely that the BESS may be of Lithium or 
Sodium Sulphur technology.  Lithium batteries are the most  prevalent in the market and this is 
considered the most likely technology option for the BESS. There is a limit number of Sodium Sulphur 
technology suppliers, although the technology appears well suited and priced for this particular 
application. Other technologies do not appear cost effective or able to meet other constraints, but 
given how rapidly the BESS market is moving it is recommended to remain technology flexible. 

Lead acid technologies are not likely to be suitable in this application because they will require at 
least 4 times the space (which is not available) and are generally expensive (due to enclosure and 
shipping costs). Also, lead acid technologies are generally less favourable to applications involving 
frequent and relatively rapid cycling, and have a large number of practical limitations in large 
systems. Flow batteries may be suitable, although they are relatively untested at this scale, are large 
and appear relatively expensive. 

 

The Rarotonga BESS subproject will include two components: 

 the BESS itself, including all internal operational control systems and communications 
necessary to respond to command signals 

 implementation of the control algorithm developed in this feasibility study in the TAU power 
station SCADA, which establishes set points for the BESS and the curtailment of solar PV. 

2.3 Functional description 

The BESS will enable more renewable generation to be installed and better utilised than would 
otherwise be possible. The outcomes will be reduced diesel fuel consumption, greenhouse gas 
savings, progress towards the CI government renewable policy target, and security for local 
renewable generation supply businesses. 

Renewable generation on Rarotonga is currently close to the current stability limit of the grid 
(3.3 MW) previously determined by KEMA. However, through TAU’s plans to lift the stability limit to 
4.2 MW, an additional 0.9 MW of generation is expected to be connected through to mid 2017.  

Allowing for procurement and manufacture it is anticipated the BESS will be installed in 
approximately mid 2017. Its purpose will be to effectively lift the stability limit of the grid and 
minimise any curtailment of renewable generators. It will thereby enable efficient connection of 
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more renewable generation (such as the PEC funded 1.4 MW of PV modules)4. Notably, the BESS will 
not store all the excess energy of renewable energy generators. Instead, the application of the 
control algorithm will combine curtailment and storage to achieve the proposed outcome. Given the 
budget constraints of the project and the existing mix of generation, it is not economic to store all 
the curtailed energy. The sizing of the BESS is optimised to balance the cost of curtailment and that 
of storage. 

The Rarotonga BESS subproject will also require TAU to implement a curtailment control algorithm to 
control new PV that is enabled to be connected by the subproject. 

Figure 2.1 shows the existing system and Figure 2.2 shows how this would change with the proposed 
system. The proposed subproject would add two elements: a) the BESS (including electrical and fibre 
connection); and b) implementation of the control algorithm in the SCADA. The proposed subproject 
would also enable connection of the new solar PV array(s) to the grid, including communications and 
curtailment by the control algorithm in the SCADA. 

 

Figure 2.1: Key elements of the existing electricity system 

                                                                    

4 It is noted, and assumed for the purposes of this study, that this renewable generation may be installed in 
advance of the BESS, and be brought on line coincident with the BESS to maximise the benefits of the BESS. 
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Figure 2.2: Key elements of the proposed system 

There is the potential for TAU to extend the curtailment system to include private systems in the 
future (possibly in conjunction with additional, distributed storage) with appropriate technical and 
commercial arrangements, however, this is not specifically part of the GEF project. Coverage of these 
issues will be an important part of the Network Study and needs to be identified in the context of a 
range of other measures. 

2.4 Cases assessed (‘with’ and ‘without’ subproject scenarios) 

The ‘with’ and ‘without’ subproject scenarios, as assessed in this feasibility report, can be described 
as follows: 

 Without subproject: 

o Renewable generation connected to the grid will soon reach a limit. For the purposes of 
this subproject assessment, it is assumed that this will be the planned 4.2 MW stability 
limit5. Installation of renewable generation beyond this limit will only be possible in 
conjunction with future grid stability enhancement, which is at this time undetermined 
and hence not assessed (and would be similar in the ‘with’ and ‘without’ cases). 

 With subproject: 

o Installation of the proposed Rarotonga BESS and application of the control algorithm will 
allow more renewable generation to be connected to the grid. The control algorithm 

                                                                    

5 Noting that, as mentioned previously, there are some risks in progressing to the 4.2 MW limit. And that using 
a lower limit may ultimately allow more solar with curtailment capability to be included by improving grid 
stability. 
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developed for the subproject will coordinate a strategy of energy storage and release 
through the BESS, with curtailment of renewable generation, to maximise the use of the 
additional energy generated (resulting in maximisation of fuel savings). The amount of 
additional generation that can be installed is limited by grid stability and the proportion 
of ‘curtailable’ generation. From the 4.2 MW baseline (without project, the technical 
modelling undertaken in Section 4 shows that an additional 2.0 MW of solar PV can be 
connected provided it has curtailment capability. This will result in fuel savings in the 
order of 0.575 million litres per year. 

The amount of solar PV that is able to respond to a curtailment command is of fundamental 
importance to the subproject. The ‘without’ subproject case assumes that only the Airport solar PV 
array has curtailment capability (this capability is already built-in and tested, but yet to be fully 
automated). The ‘with’ subproject case assumes that all additional allowed solar PV and the Airport 
solar PV array has curtailment capability. Curtailment capability is now relatively easy to implement 
in new solar PV systems with most inverters having this capability built in (see Section 4.8.1). A 
control set-point signal is required from the power station, however, required response times are 
relatively slow (~1 minute). And thus, curtailment capability can be implemented using standard 
communication technologies and integrated with the existing power station SCADA. Nevertheless for 
simplicity (particularly in respect of communications but also in commercial arrangements), it is 
recommended that all additional solar installed have curtailment capability and consist of relatively 
large installations managed by TAU6. Retrofitting existing systems to have curtailment capability is 
more difficult (and may require inverter replacement) and is not necessarily viable, and so is not 
included.  

The amount of additional solar PV allowed through the Rarotonga BESS subproject is determined 
through an analysis of system stability. Without the subproject, new solar PV (beyond 4.2 MW) 
would compromise system stability and is not allowed. With the subproject, stability thresholds are 
increased substantially and additional solar PV can be installed. This analysis is presented in 
Section4.9.2 and shows that an additional 2.0 MW can be accommodated with the subproject. These 
quantities are shown in Table 2.1.  

Table 2.1: Curtailment capability of solar PV under different cases 

Case No curtailment capability 
(MWp, dc) 

Curtailment capability 
(MWp, dc) 

Without subproject 3.2 1.0 

With subproject 3.2 3.0* 

*it is anticipated that most of the additional generation (1.4 MW) will be in the form of TAU 
owned systems using solar PV modules acquired under the PEC grant, with the remaining 
0.5 MW to be acquired through a power purchase agreement or similar arrangement. 

The timeline for implementation of new generation is as follows: 

                                                                    

6 This analysis assumes all additional solar PV is in relatively large installations managed by TAU (i.e. >50kW). 
However, as TAU gains experience or as additional enabling technologies are introduced, they may consider 
extending the system to smaller private installations. This would likely require other measures, such as some 
local / distributed storage to effectively manage ramp rates, and due consideration to commercial structures, 
and would be developed outside the scope of this subproject. 
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 At the time of this report, approximately 3.0 MW is installed (2.0 MW of distributed generation 
without curtailment capability plus the 1 MW Airport solar PV array). 

 Continuing with current rates of installation (for distributed systems) and without curtailment 
capability, a further 1.2 MW of distributed generation is likely to be installed by mid 2017. 

 With the proposed subproject, connection of a further 2.0 MW of solar PV with curtailment 
capability is enabled. Given the availability of the PEC funded solar PV modules, it is likely that 
these will be installed in anticipation of the proposed subproject and connected when the 
subproject commences operation. This timeline is illustrated in Figure 2.3. 

 

Figure 2.3: Assumed solar PV capacity with and without the subproject 

 

Airport solar PV array (1 MWp) 

Distributed small scale solar PV  
(2.0 MWp now; increasing to 3.2 MWp) 

New solar PV array(s) (2 MWp) 
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3. Site description 

3.1 General location 

The site selected for installation of the BESS is within the fenced compound of the 1 MW solar PV 
array at the Rarotonga Airport. 

The general location of the BESS is shown in Figure 3.1, with the solar PV array shown in Figure 3.2 
and Figure 3.3.   

 

 

Figure 3.1: General location of BESS on Rarotonga 

 

BESS location 
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Figure 3.2: Photo taken in 2015 showing existing PV installation (inside yellow ring). 

 

Figure 3.3: Photo taken in 2015 from within the airport solar PV array, looking towards the Airport 
terminal building 

3.2 Site constraints 

The Rarotonga Airport is owned by the Cook Islands Government Property Corporation (CIGPC), 
under management of the CIAA. The site of the solar PV array is subleased by the CIAA to TAU for the 
purposes of the solar PV array and any purpose ancillary thereto. The relevant stakeholders (CIAA, 
TAU, CIGPC) have indicated no objection to the location of the BESS within the leased area. 

There are no particular environmental safeguard constraints in relation to the proposed site. 

: 
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Within the site boundary, there are a range of constraints. Through discussions with the stakeholders 
and installers of the solar PV array, these constraints were worked through and  the layout shown in 
Figure 3.4 was selected as feasible. Table 3.1 shows how this layout addresses the site constraints. It 
is noted that there is a spare connection switch on the HV side the existing solar PV array 
transformer, which will be the connection point of the BESS. 

 

 

Figure 3.4: Airport solar PV array layout and mark-up showing proposed BESS location and HV cable 
routing (image marked up version of ‘Array Layout’ drawing number J001819-E-211 of ‘for 

construction’ drawings, courtesy of Andersons, Rarotonga)  

Containerised 
BESS 

BESS 
transformer 

HV cable 

Connected at 
existing solar PV 

array transformer 
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Table 3.1: Site constraints 

Risk Mitigation 

Limited space Selected location within site avoids exclusion zones and provides 
sufficient area for the required BESS capacity 

Height restrictions The selected location is expected to create no shading of the arrays 
given the site latitude (no double stacking of containers). 

For the selected location, the recession plane shows a height 
restriction of approximately 15m, which is ample. 

Existing works Proposed cabling is HV (with lower current and hence thermal and 
electromagnetic issues). Cable routing shown in Figure 3.4 avoids 
existing LV cable (and hence any thermal and electromagnetic 
issues). It is noted that there are two brief sections of crossover, 
where hand trenching may be required, however, this is not 
considered a constraint. 

Wireless communications 
and electromagnetic 
radiation 

11 kV HV cable will have low electromagnetic radiation. All existing 
and future communications to be fibre. 

Access for serviceability The selected location avoids existing access and egress points, and 
thoroughfares.  

 

3.3 Environmental and climate change hazards 

Like most Pacific nations, the Cook Islands face increased risks from cyclones and rising sea levels. 
The primary risk at the selected site is from wave inundation and storm surge during cyclone and 
storm events. This risk is assessed based on the “Hazard: Rarotonga - 20 Year Average Return Period” 
data layer provided by Infrastructure Cook Islands. It shows the results of a wave inundation model 
for a 20-year Average Return Interval (ARI), prepared by University of New South Wales, as per 
Figure 3.5. 
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Figure 3.5: Hazard: Rarotonga - 20 Year Average Return Interval 

Figure 3.5 shows that the Proposed BESS location is in close proximity to, but not within, the 
overtopping wave impacted area. Despite not being within the wave impacted area, simple risk 
mitigation measures are considered prudent. These will be implemented through the tender 
specifications for the BESS, and will include an elevated mounting for the BESS (specification to be 
decided in conjunction with Cook Island Government insurers), high corrosion and water ingress 
protection for all equipment. 
  

BESS location 
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4. Technical description 

In the context of the selection and definition of the subproject, as per Section 2, and the site 
limitations as per Section 3, there are a range of technical matters relating to the Rarotonga BESS 
subproject that remain to be defined, which are covered in this section. These are: 

 a description of the BESS technology itself  

  the electrical connection of the BESS to the grid 

 communications hardware for providing control commands 

 the existing load profile for the grid  

 the generation profile for solar PV  

 the components of the proposed system under the subproject, including associated capital and 
operational costs 

 sizing and selection of the BESS, and additional solar PV capacity enabled through the 
subproject 

 the proposed control algorithm for managing BESS charge and discharge, and PV curtailment 

 the performance of the proposed subproject, including impact on load (and hence fuel 
consumption) and system reliability 

 impacts on distribution losses 

 TAU’s commercial tariff structure. 

Each of the above aspects is considered in the following sections. These aspects of the system are 
considered sufficient to provide a full technical description of the system and its operation to 
validate its technical feasibility. They will also provide the necessary cost and performance data to 
allow evaluation of the financial and economic benefits of the subproject. 

4.1 BESS technology description 

The BESS will be a fully self-contained battery energy storage system. This means it will include the 
following: 

 battery cells 

 racking, cabling  

 four quadrant power conversion system (inverter) 

 switchgear, protection and transformer 

 environmental controls (technology dependent) 

o fire detection or suppression 

o air conditioning 

 control system to manage: 
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o charge and discharge rates 

o system parameters, monitoring, alarms 

o communications with other network systems 

o data logging and reporting 

 physical housing, which may be a shed or similar, but is typically a ‘containerised’ module. 

4.1.1 Storage capacity and power rating 

Based on modelling and optimisation of the system functionality (see Section 4.9), the BESS is 
expected to have a charge / discharge power rating of 1 MW, and a usable storage capacity of 
4 MWh.  

4.1.2 Physical configuration 

Given the space and access constraints of the site, a containerised solution is sought. Up to 4 x 40 
foot containers can be accommodated (single stacked) at the specified location, as described in 
Section 3. A wide number of commercial products are available in this type of modular format, and 
can be configured to provide the required storage capacity and power rating.  

The BESS will typically have an output in the low voltage (LV) range. This will need to be converted to 
HV for connection to the grid. For this purpose, a transformer and associated switchgear will be 
located directly adjacent to the BESS.  

HV cabling from the transformer will be routed underground to the electrical connection of the PV 
array. 

4.1.3 Cell technology 

There are a wide range of battery cell chemistries and technologies. However, the space constraints 
and capital budget of this application will likely limit the suitability of some technologies. While it is 
not the intent of this due diligence to limit the technologies that may be used for the Rarotonga 
BESS, it is acknowledged that some technologies will be better able to meet the performance 
specifications and constraints than others, and thus it is important that this specification focus on 
these technologies.  

In particular, Lithium-ion BESS, which include a broad class of different solutions, are considered to 
include solutions that will suit this application. Sodium Sulphur BESS technology is a much more 
limited field, but may also be able to provide the necessary power and storage within the space and 
budget constraints. Lead acid is a very common cell technology, however, it is unlikely to be suitable 
here primarily because of space constraints (though other factors such as its suitability for relatively 
rapid cycling and efficiency are considerations). Flow batteries are not sufficiently developed for 
installations of this size and are relatively expensive. 

Because of this, definitions of intended capacity and battery life discussed in this report are as would 
normally be used for Lithium-ion technologies7. 

                                                                    

7 For example, see CSIRO, September 2015, Future Energy Storage Trends (http://www.aemc.gov.au/Major-
Pages/Integration-of-storage/Documents/CSIRIO-Future-Trends-Report-2015.aspx)  

http://www.aemc.gov.au/Major-Pages/Integration-of-storage/Documents/CSIRIO-Future-Trends-Report-2015.aspx
http://www.aemc.gov.au/Major-Pages/Integration-of-storage/Documents/CSIRIO-Future-Trends-Report-2015.aspx
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4.1.4 Alternative technologies 

There is a wide range of other energy storage technologies available. Examples include super 
capacitors, flywheels, compressed air storage and pumped hydro storage. These technologies are not 
considered for the Rarotonga BESS for the following reasons: 

 There are a range of reviews8 that identify the value of different technologies at different time 
scales and capacities. Electro-chemical (battery) storage is typically cited as most relevant for 
the application under consideration. 

 Site constraints rule out several technologies. 

 The proposed application of the BESS is novel and innovative, and potentially offers significant 
benefits through capacity building and demonstration, not just for the Cook Islands but also for 
others looking to implement similar strategies. But notably, it is the application, rather than 
the technology, that is providing this benefit. Allowing the use of developing technologies 
would likely increase risk without additional benefit.  

4.2 Electrical connection 

Due to the existing infrastructure, the proposed electrical connection is a relatively straightforward 
arrangement, as follows: 

 The HV (11 kV) output of the BESS would connect directly into the spare switch on the existing 
Airport Solar array RMU, as shown in Figure 4.1 

 The HV output from the Airport Solar array RMU connects directly into the West Coast Feeder 
substation 

 All HV connections and feeders have at least a 2 MVA rating. 

                                                                    

8 For example, Karl Zach, Hans Auer, and Georg Lettner (2012) Report summarising the current Status, Role and 
Costs of Energy Storage Technologies, prepared for the “Facilitating energy storage to allow high penetration of 
intermittent renewable energy project (http://www.store-project.eu/en_GB/project-results). This is supported 
by Entura’s procurement and operational experience with flywheels, super capacitor, lead acid, and lithium ion 
storage technologies. 

http://www.store-project.eu/en_GB/project-results
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Figure 4.1: Proposed electrical connection (image marked up version of ‘Electrical SLD’ drawing 
number J001819-E-311 of ‘for construction’ drawings, courtesy of Andersons, Rarotonga  

4.3 Communications and control hardware 

TAU operates a recently installed supervisory control and data acquisition (SCADA) system at the 
power station, which includes a fibre optic link to issue command signals to the Airport solar PV 
array. This system is considered suitable to meet the control and communication requirements of the 
proposed subproject as follows: 

 the existing fibre link to the Airport solar PV array would be extended to connect the BESS into 
the TAU SCADA 

 future generation as enabled by the project is expected to comprise relatively large 
installations which would be served by similar fibre optic links, or, given the relatively slow 
(1 minute) response requirements, via 3G / mobile wireless data services 

 the control algorithm as defined in this feasibility report would be implemented in the existing 
TAU SCADA software, where it could monitor required input data and issue command signals 
to the BESS and connected solar PV arrays. 
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4.4 Electricity load 

TAU serves approximately 4,300 customers, which represents practically all residential and 
commercial premises on Rarotonga – there are a very small number of premises known to be served 
by fully independent, off-grid systems. 

Long term electricity load on Rarotonga is estimated on the basis of generation data. Since about 
2011, generation includes both generation at the power station, and increasing generation from 
distributed renewable generation. Power station generation is estimated from TAU generation data, 
published by MFEM. Distributed generation is estimated on the basis of installed capacity data 
(supplied by TAU), to which a typical capacity factor is applied to estimate energy generation (post 
losses). The resulting combined generation data, including trendline and confidence intervals, are 
shown in Figure 4.2. This generation estimate and forecast is aligned with the CIRECIP (2016 draft). 

 

Generation data – obtained from Ministry of Finance and Economic Management (MFEM)9, corrected for solar PV 
generation 

Figure 4.2: Electricity generation on Rarotonga; Forecast generation requirement follow historic 
trend out to 2020 (0.3% decline per annum), followed by 0.6% increase per annum aligned with long 

term (2001 – 2011) population growth  

 

                                                                    

9 http://www.mfem.gov.ck/miscellaneous-statistics  

http://www.mfem.gov.ck/miscellaneous-statistics
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Generation data – obtained from Ministry of Finance and Economic Management (MFEM)10, corrected for solar PV 
generation 

Figure 4.3: Seasonal variation in electricity demand 

 

Generation data – obtained from TAU generator logs in 2013
11 

Figure 4.4: Diurnal variation in electricity demand  

(error bars show 4 variation – 99.99% confidence interval, equivalent to 30 minutes per year) 

                                                                    

10 http://www.mfem.gov.ck/miscellaneous-statistics  

11 Data provided by TAU 

http://www.mfem.gov.ck/miscellaneous-statistics
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Note that the above data was recorded during a period where there was, on average, 677 kW of 
distributed solar PV connected. However, the output of this solar is not included in the log. The total 
generation, including this solar PV, is estimated in Figure 4.5. 

 

Figure 4.5: Diurnal variation in electricity demand, including estimated effect of distributed solar PV  

Corresponding data for population over the last few years (the last census was in 2011) is limited, 
however, long term census data12 is shown in Figure 4.6. 

 

Figure 4.6: Long term population census data 

                                                                    

12 http://www.mfem.gov.ck/population-and-social-statistics/census  

http://www.mfem.gov.ck/population-and-social-statistics/census
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The above data shows: 

 11.5% increase in generation requirements over 25 year project life (average 0.6% annual 
growth)  

 very little seasonal trend (average seasonal generation requirement is within 2.6% of the 
annual average) 

 significant difference in daytime loads between weekday and weekends due to commercial 
and government operations in the main city areas (this is particularly evident in the Avarua 
City and Seaport feeders – refer to CIRECIP, 2016 draft for further information) 

 median daily peak power demand of approximately 3,200 kW on weekdays and 3,000 kW on 
weekends (highest recorded peak of 5,080 kW) 

 daily demand profile typical of combined domestic and commercial consumption, with high 
daytime (weekday) load and evening peak load, and relatively constant night-time base loads 

 slightly increasing population (approximately 145 people or 0.5% per year) from 1980 through 
to 2006, reverting to a decline at an average rate of approximately 140 people or 0.5% per 
year from 2006 to 2015 – no published forecasts are available, however, the trends are 
relatively slight and are unlikely to significantly impact the performance analysis.  

For the purpose of system modelling, Entura has used the following inputs: 

 half-hourly generator data and hourly feeder log data from December 2012-November 201313 

 substation hourly logs, including max, min and average load, voltage, current, and frequency. 

4.5 Solar resource 

No high quality site measured solar resource data set was identified or obtained for Rarotonga. The 
solar resource estimate and temperature profile, was instead based on data as set out in Table 4.1. 
Solar resource data is presented as global horizontal irradiance (GHI) values. 

Table 4.1: Solar resource and temperature data for Rarotonga  

Data source Average 
daily 
irradiance 
(GHI) 
(kWh/m2) 

Average 
temperature 
(degrees C) 

Comments 

NASA Surface 
meteorology 
and Solar 
Energy (SSE) 

5.40 25.2 The NASA SSE data set uses a reliable and accurate 
method, however, it has a low resolution (1 degree of 
latitude and longitude) and thus does not capture 
local cloud build up near isolated islands. The solar 
resource estimate is likely to be non-conservative. 

                                                                    

13 Similar data up to December 2015 was also analysed, however, higher levels of embedded solar PV 
generation obscured the underlying load time history. For the data set used, embedded solar PV generation 
had a capacity of 569 kWp (dc) at the start of the year, increasing to 751 kWp (dc) at the end of the year. 
Notably, it was not possible to capture the time history of renewable input, as individual metered information 
for each renewable generator was not available (and many are net metered), and a concurrent time history of 
solar resource was not available to estimate this output. 
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Data source Average 
daily 
irradiance 
(GHI) 
(kWh/m2) 

Average 
temperature 
(degrees C) 

Comments 

Meteonorm 
(V7.1.4.17255) 

4.61 24.5 Meteonorm uses a proprietary algorithm to 
synthesise data based on any available ground station 
and satellite data. While being difficult to validate, it 
overcomes some limitations in the NASA SSE data set, 
and generally provides a reliable estimate where no 
high quality data is available. 

Rarotonga site 
record 

4.54 24.0 Solar resource data obtained from monitoring on 
Rarotonga and Mauke was supplied by REDD. This 
data was obtained from relatively low quality 
instruments (first class) with no regular cleaning or 
quality control. The record spans approximately 2 
years (August 2013 to May 2015), however, there is 
substantial missing data, including several whole 
months.  

The Rarotonga record is most relevant to this project. 
The Mauke record is for a similar latitude and 
environment (approximately 250 km away), though 
the sensor is located further from the coast. The 
Mauke data is included here to show the uncertainty 
in these data sets, as the difference in average 
resource is larger than would be reasonably expected. 

Results are annualised to remove effect of missing 
months. 

Mauke site 
record 

5.21  23.2 

In consideration of the above limitations of the available solar resource data, the Meteonorm data 
set is used for the analysis of the Rarotonga subproject. However, a significant uncertainty in 
resource of 10% is assumed and considered in the sensitivity analysis (note that Meteonorm’s 
estimate of uncertainty in GHI is 4%, hence our approach is conservative). Meteonorm is able to 
produce a synthesised 1 minute time history of a typical meteorological year (TMY), which was 
important in capturing resource variations on a time-scale similar to that being modelled for the BESS 
control system operation. 

The annual profile of solar resource is shown in Figure 4.7. This shows that solar resource varies 
considerably over the year with from a peak of just over 6 kWh/day in summer to a minimum of 
3.2 kWh/day during winter. This is a typical trend for this latitude. Temperature variation over the 
year is relatively slight (22-27 degrees Celsius). 
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Figure 4.7: Rarotonga solar resource profile (Meteonorm data) 

The average hourly variation in load compared to solar resource is shown in Figure 4.8. Also included 
in this figure are examples of a clear summer day, and a cloudy winter day. This figure shows that 
there is alignment between solar resource and peak daytime loads, however, there is still significant 
shoulder and night time loads that cannot be met directly by the solar generation. The figure also 
shows that there is a substantial difference between peak solar output (clear summer day) and other 
times. Reliability of the grid will typically be determined combinations of high solar output (clear 
summer day) and low load (weekend), however, sizing a system on that basis limits the potential 
renewable contribution under average conditions. Hence, a way of managing worst case conditions, 
such as that proposed in the Rarotonga BESS, is required.  

 

Figure 4.8: Rarotonga daily solar resource profile compared to load profile 
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4.6 Sizing and selection of the BESS, and additional solar PV capacity 

To size the BESS, a wide range of scenarios were considered to determine the maximum solar PV 
generation that could be installed while maintaining the reliability at least equal to that of the base 
case grid. These scenarios considered variations in the following: 

 battery capacity (in 1 MWh increments between 1 MWh and 8 MWh) and power rating (in 
250 kW increments between 500 kW and 2 MW), limited to combinations likely to fit within 
the subproject budget 

 amounts of installed PV, including separate uncurtailed and curtailed allocations, in 500 kW 
increments (up to 5 MW) 

 control system settings. 

These scenarios were assed using computer modelling of the grid and generation, as described in 
Section 4.9.1. Each scenario (with battery sizing within budget constraints) was assessed to 
determine which provided the maximum fuel savings, while providing the same or better reliability 
as the base case. 

System reliability was evaluated largely on basis of the diesel minimum loadings. The following 
measures were used:  

 energy generated when diesel load is below 500 kW (kWh)  

 time below 500 kW (minutes)  

 minimum load (kW) 

 ramp rate (maximum load change) (kW/min) 

The power system will fail if diesels are negatively loaded (i.e. become a brake) or are required to 
increase or decrease load beyond their physical limits. These were used as the primary stability 
criteria. 

Diesel minimum loading is another important consideration because diesel generators are typically 
required to operate above a minimum load threshold to prevent increased wear and maintenance 
costs. The TAU power station operates with an n-1 generation policy, meaning there is one level of 
redundancy in the generators. Thus, under low load conditions, two generators would be running 
with an ideal minimum loading of approximately 1,000 kW. Prolonged minimum loads below 500 kW 
will present the most significant issues. 

The KEMA report, which has been used to establish the current stability limit for installation of 
renewable generation, found that this ‘power station’ minimum load was the critical limitation of the 
system. At a feeder level, the KEMA report establishes individual feeder static load limits as being in 
excess of 6 MW each, except for the Airport feeder which was 4 MW. Under the proposed 
subproject, with a total of 5.7 MW renewable generation, the existing distribution of renewable 
generation across several feeders means that it is not possible to exceed these static limits (Entura’s 
modelling also showed that feeder loads with the subproject are below the feeder limits).  

The KEMA report also considered dynamic stability limits for the 3.3 MW renewable generation case 
in the event of various generator and feeder faults, and found that the frequency and voltage 
fluctuations are well within the capabilities of typical inverter energy systems (IES) (i.e. solar PV). 
Since the date of the KEMA report, the capabilities and flexibility of IES have expanded considerably 
and in Entura’s experience, these can generally be programmed to operate effectively to local grid 
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requirements. Essentially, while dynamic stability of the IES in response to grid faults is unlikely to be 
an issue given the levels of generation proposed, management and mitigation of any issues is part of 
the normal connection approval process of a renewable generator, and thus is not considered as a 
strict limitation.  

The following describe some typical scenarios where reliability may be impacted: 

 Curtailable solar PV at zero, uncurtailable solar PV at maximum output, BESS at maximum 
charge (or full and unable to accept more charge), and load at minimum (e.g. Sunday midday). 
This is essentially a static event where generation exceeds load. This is captured in the 
performance measures of energy production below 500 kW; events below 500 kW, and 
minimum load. This event is shown in Figure 4.9. 

 

 

Figure 4.9: static event with low load and high solar output causing diesel load to approach minimum 
(case shown for Without subproject) 

 In the event of cloudy conditions, solar PV output may be low and uncurtailed (or with limited 
curtailment). Where a break in the clouds appears, generation can rapidly ramp-up, within the 
time scale of the control signal. For large scale solar PV (the worst case), generation can ramp 
approximately 60-70% of capacity in 1 minute14. With curtailment signals updated on a 
1 minute interval, the solar PV output may increase sufficiently within this time period that it 
would cause diesels to drop below minimum load or reverse power. This is captured in the 
same measures as for the previous scenario but also reflected in the ramp rate (maximum load 
change) reliability measure. This event is shown in Figure 4.10. 

                                                                    

14 For example, see: Matthew Lave1, Jan Kleissl, Abraham Ellis, Felipe Mejia, Simulated PV Power Plant 
Variability: Impact of Utility-imposed Ramp Limitations in Puerto Rico (downloaded on 21 March 2016 from 
http://energy.sandia.gov/wp-content/gallery/uploads/Lave_SAND2013-4926C_PVSC39.pdf)  

Diesel experiences 
low load (increased 

risk of fault) 

http://energy.sandia.gov/wp-content/gallery/uploads/Lave_SAND2013-4926C_PVSC39.pdf


COOK ISLANDS RENEWABLE ENERGY SECTOR PROJECT - Rarotonga Battery Energy Storage System Revision No: 0 
E304965-TR-4 8 April 2016 

 37 

 

Figure 4.10: Dynamic ramp rate event with increase in solar output pushing diesel generators to low 
load (case shown for With subproject)15 

 Ramp events also raise the possibility that the diesel generators would be unable to ramp-up 
or down output as fast as the changes in solar PV output. If sufficient diesel generators are 
online this is not expected to be an issue, as the diesel generators are typically able to respond 
to full scale load changes in the order of 10 s. However, large ramp rates may require 
additional generators to be online, which would in turn increase diesel minimum load 
significantly reducing renewable generation. This is also captured in the ramp rate (maximum 
load change) reliability measure. This event is also shown in Figure 4.10 (above). 

Many of these events can be mitigated through increasing levels of control sophistication, and in 
particular control speed and predictive control based on forecasting or experience. For conservatism, 
these advanced functions are not included in the control system model for assessing the 
performance of the subproject. 

4.6.1 Future interventions 

It is likely that a range of future interventions in the electricity supply will be required to reach the 
Cook Islands policy objectives. The options are set out in the CIRECIP (2016 draft). At this stage, 

                                                                    

15 It is important to note that this is a complex event, with many possible scenarios, and some degree of tuning 
of system performance during implementation is normal.  

It should also be noted that including a lower set-point for solar PV can reduce these events, however, since 
solar output varies across the many systems, this strategy would result in significant extra curtailment (i.e. it 
would be excessively conservative). That is, the solar PV output at the airport may be high when systems on the 
east and south of the island have low output, so constraining the output of the airport array in case the other 
systems ramp up would cause unnecessary curtailment. Implementation of forecasting systems could further 
improve performance in these situations. 

Diesel experiences 
low load (increased 

risk of fault) 

Curtailment of solar will 
not respond immediately 

to new set point 

BESS can respond rapidly 
to absorb part of the 

additional output 

Solar ramps 
rapidly (less 

than 1 minute) 

Maximum rate of change in load must 
be within diesel generator limits 
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however, future interventions have not been finalised or committed, and remain speculative. For this 
reason, they are not assessed in a quantified way within any of the above cases.  

4.7 System components 

The Rarotonga BESS is proposed as an integrated part of the TAU electricity supply system. To fully 
describe the function of the BESS, it is necessary to place this in the context of the broader system 
components and operation. This includes existing components, components to be procured as part 
of the subproject, and components of the system enabled through the subproject. These are 
described at a high level in the following tables. 

Table 4.2: Existing system components 

Component Description 

Power station The TAU power station at Avarua, Rarotonga, not only provides 
accommodation for the centralised generation and 
administration functions of electricity generation on Rarotonga, 
but acts as the hub for connection of feeders and for control of 
the system operation.  

Centralised diesel 
generators 

5 x 1.8 MW high speed diesel generators installed in March, 
2016. 

Supervisory Control and 
Data Acquisition (SCADA) 

TAU has recently installed a SCADA system. The primary 
function of the SCADA system is currently the acquisition of 
operational data. However, the SCADA also has the capability 
for automated control of the new power station and Airport 
solar PV array. 

HV distribution system 6 x 11 kV HV feeders (200 A rating) and approximately 70 
substations around the island 

LV distribution system 11 kV / 415 V transformers, 415 V, 3 core underground cable, 
and pillar boxes with 240 V / 415 V connections to customers. 

Airport solar PV array 1 MW fixed tilt solar PV array with curtailment capability (linked 
by fibre optic cable to the power station SCADA) 

Distributed solar PV arrays Typically ranging in size from 2 kW to 100 kW, these solar PV 
systems have been installed by private and government 
customers. There are generators on all feeders, though with a 
larger concentration in urban areas (Avarua). 
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Table 4.3: Major components of the subproject  
(to be procured – costs indicative of 2016 prices, installed on site) 

Item Description Units Indicative 
cost 
(NZD) 

BESS 1 MW charge / discharge power 

4 MWh usable storage capacity 

1 6 M 

Transformer 1 MW, 11 kV pad mounted; spare switch to 
allow completion of a feeder ring at a later date 

1 0.05 M 

HV cables 11 kV, 200 A, 3 core underground cable 150 m 0.02 M 

Control algorithm  Technical assistance for TAU to implement 
control algorithm in SCADA 

1 0.1 M 

Total   6.17 M 

Table 4.4: New system components to be enabled by the subproject 

Item Description Units Indicative cost 
(NZD) 

Renewable generation solar PV with curtailment capability  2.0 MW 5.0 M 

4.7.1 Operations and maintenance cost estimates 

Operational and maintenance costs impacts of the proposed subproject are estimated in Table 4.5 
and Table 4.6. 
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Table 4.5: Operations and maintenance costs of major components of subproject, to achieve a 25 
year life 

Item Description Indicative 
cost 
(NZD/y) 

Additional 
items 

BESS 1 MW charge / discharge power 

4 MWh usable storage capacity 

17k Full set of 
cell 
replacement  
after 13 
years 
(2030): 
NZD2M 

Transformer 1 MW, 11 kV pad mounted; spare switch to 
allow completion of a feeder ring at a later 
date 

- - 

HV cables 11 kV, 200 A, 3 core underground cable - - 

Control algorithm  Technical assistance for TAU to implement 
control algorithm in SCADA 

- - 

Table 4.6: Operations and maintenance costs for other components to be enabled by the subproject 

Item Description Indicative 
cost 
(NZD/y) 

Additional 
items 

Renewable generation solar PV with curtailment capability  50k Inverter 
replacement 
in 2032: 
NZD500k 

4.8 Control and operation 

Control is critical to the operation of the BESS. It is considered that to gain the best result the main 
control system be developed by TAU with appropriate assistance, rather than be a part of the BESS 
supply so that the wider system considerations for future development and existing SCADA can be 
incorporated. The control algorithm needs to determine when to charge and discharge the BESS, as 
well as when to curtail and not curtail the renewable generator output. BESS include control 
capabilities focused on the battery internal processes but some control algorithms may support some 
of the wider functionality. 

A central principle of the application envisaged is that it will work effectively with relatively slow 
control signals with component response times in the order of 1 minute16, which is well within the 
capabilities of existing equipment.  

                                                                    

16 As noted in Section 2.1, this is fundamentally different to high speed control for ‘Option1’ – power station 
BESS for grid stability, which would typically require millisecond response times. That system is more complex 
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The proposed control system will, at a minimum, need to include two functions as follows: 

 set the charge or discharge rate of the BESS 

 set the curtailment factor to be applied to solar PV facilities with the capability. 

The following constraints are applied to the control system: 

 discrete time controller with 1 minute interval (allowing for conservative response to setting 
changes within PV equipment) 

 BESS state of charge (SOC) between 0-100% of usable energy 

 BESS output ramping at high and low SOC for stable mode transitions 

 BESS charging only when PV generation would otherwise push diesels below minimum load 
(~1000 kW) 

 BESS discharging only when PV uncurtailed and diesels will stay above minimum load 

 PV curtailment only if BESS is saturated (either charging at rated limit, or 100% SOC and unable 
to accept charge) 

 PV curtailment only when PV generation would otherwise push diesels below minimum load 
(~1000 kW). 

 Progressive (slow) reduction of PV curtailment to keep diesels near minimum load without 
introducing instability due to controller hunting. Typically a 10 minute process following severe 
and rapid curtailments. 

4.8.1 Curtailment 

Curtailment of the solar PV arrays will be achieved through inverter function. The power output of 
solar PV modules varies with voltage (the I-V curve). Inverters actively change the dc system voltage 
continuously because the I-V curve changes with temperature and irradiance, and it is thus necessary 
to change the system voltage to achieve maximum power (this function is known as a maximum 
power point tracker, MPPT). Modern inverters also have the capability to respond to a command set 
point, so instead of tracking the maximum power, they change the voltage to deliver no more than a 
specified power. In the open circuit case, this can be zero power. The time period for the operation 
varies between inverters, but is in the same order of typical ramp rates for solar arrays. I.e. the 
maximum timeframe for full-scale change in output using this function is 1 minute (some inverters 
can respond much faster). 

4.9 System performance 

4.9.1 Model 

System performance was evaluated using a custom model developed by Entura for this purpose. The 
key features of the model are set out in Table 4.7. 

Table 4.7: Rarotonga BESS model description 

                                                                                                                                                                                                                   

to implement, and requires detailed planning, data collection and modelling, which TAU will develop as part of 
its network study.  
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Component Description 

Software Matlab Simulink v2013 

Inputs Load profile as per Section 4.3 

Solar irradiance as per Section 4.5 

Array parameters as per Appendix C 

Solar PV submodel Sandia National Laboratories PV_Lib17 Matlab Toolbox to convert solar 
irradiance into kW output for typical PV panel and inverter 
combinations. The Toolbox’s Wavelet Variability model was used to 
smooth irradiance over PV installed areas. Two cases were considered: 

1. Distributed solar significantly smoothed by treating it as very 
large and sparse arrays.18 

2. Large scale solar (such as the airport array and new curtailed 
arrays) slightly smoothed but treating them as small dense 
arrays. 

The model treats the airport feeder separately, splitting the PV into 
distributed (uncurtailable) and large scale (curtailable). The irradiance 
timeseries for each modelled PV was shifted by up to 20 minutes to 
approximate variability across the island (based on typical wind speeds 
for cloud cover movement). 

Curtailment was modelled by capping the solar PV output at the 
inverter at a set-point value supplied by the power station curtailment 
controller. This is a typical function of larger PV inverters. The 
curtailment was quantised to 50 kW intervals to mimic the curtailment 
limitations of some PV inverters. 

 

BESS submodel Each BESS technology exhibits very different performances and 
limitations. The model is based on typical lithium ion technology which 
tends to have few limitations. The following characteristics have been 
assumed: 

1. BESS is purchased so that 4 MWh will be available at end of life. 
Additional capacity at start of life is not used to prolong life. 
Using the full range is a potential upside for some technologies.  

2. Limited charge power at high SOC and discharge power at low 
SOC, due to voltage, longevity and reliability concerns. 

3. Rated power is always available at all other SOC. Other 
technologies place further limits on this. Overloads, (typically 
150% rated) may provide potential upside for some 
technologies. 

4. Negligible longevity penalty when holding BESS at SOC 
extremes. Many technologies, including lithium ion, have 

                                                                    

17 https://pvpmc.sandia.gov/ 

18 Installation details, including orientation, shading and tilt are not known, and the approach used is likely to 
underrepresent the degree of smoothing present in the distributed generation. 
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Component Description 

varying requirements. Typically the discharge profile can be 
modified to prolong life without reducing BESS usefulness (i.e. 
discharge slower or later).  

5. Conditioning/refresh cycles are not required. These are 
required for some technologies and can require diesel energy. 

6. Pauses in operation for SOC calibration are not required. These 
are required for some technologies and can spill renewables 
and cause instability in extreme cases. 

7. System includes air conditioning for cells, with associated 
energy consumption. 

8. Maintenance is conducted at scheduled times that do not affect 
BESS contribution to diesel savings. 

The BESS model includes system losses of: 

1. Round trip efficiency (at high voltage side of transformer) of 
85%, split evenly in charge and discharge directions. Poor 
efficiencies at low power are excluded as this is mainly 
determined by PCS module size and control.  

2. Further losses in the transformer of 0.2% rated power when 
BESS is idle (2 kW). It is expected that the BESS will generally 
not disconnect from grid due to potential complexities of high 
inrush currents. 

3. Average air conditioning losses of 0.1% rated energy (5 kW). 
This will be highly dependent on ventilation, insulation and 
internal temperature requirements. 

Control system design As per Section 4.7.1 

Grid losses Losses in the grid are assumed unchanged. Refer to section 4.10 

Outputs 1 minute time series of all system parameters 

Summary performance metrics as per Table 4.8. 

It is important to note that the modelling undertaken by Entura is not a full dynamic system model. 
This approach is undertaken on the basis of the following:  

 ramp rates for solar are relatively slow at feeder level (approximately 1 minute ramp for 70% 
of full scale output), and curtailment signals can be readily issued and responded to on a 
similar time scale using inverter control 

 high speed diesel generators being installed by TAU are able to respond to load changes on a 
much faster basis, typically <10 s for full scale transition, and are thus likely to be able to 
comfortably maintain system voltage and frequency within acceptable limits if scheduled 
appropriately 

 very high speed control of the BESS is not implemented in this scope due to the complex 
control and communication system required 

 the diesel generators will continue to run at all times and provide the fundamental grid 
functions (voltage and frequency regulation, reactive power, system inertia, fault current, and 
spinning reserve) 
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 modern IES can increasingly provide some grid functions (such as reactive power and voltage 
control) and there is some flexibility to customise these as part of the connection process to 
maximise stability as required in the network. TAU should ensure that they require appropriate 
inverter standards and functionality when approving PV installations 

 the KEMA report provides further confidence that the dynamic stability of the system is robust 
to faults and trips in equipment for renewable generation with a peak capacity in the same 
order as the load (as proposed here), though this assumption would not necessarily apply at 
higher levels of renewable generation 

 other enabling technologies are very likely to be installed that directly address the security and 
renewable contribution risks that BESS can only partly address 

 it is normal practice in applications of this type to ‘tune’ the controller and system settings to 
optimise performance and reliability post installation, and this flexibility is available in the 
proposed system design, and existing SCADA. 

An overview of the system model is shown in Figure 4.11. 

 

Figure 4.11: System model overview 

4.9.2 Performance results 

4.9.2.1 Solar PV performance 

The performance of the solar PV modules is estimated using the Sandia National Laboratories PV_Lib 
toolbox, and verified using PVsyst as described previously. The estimated capacity factor for the solar 
PV ranges from 14.9% to 16.4% at the input to the inverter (i.e. prior to inverter losses and 
curtailment). This is modelled as a consistent 16% across all solar PV. Full details are included in 
Appendix C. 

4.9.2.2 System performance 

Figure 4.12 to Figure 4.15 shows the relative performance of the With and Without subproject cases. 
The following points may be noted: 
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 In the Without case, there is only a very small (117 MWh) amount of excess energy (curtailed). 
However, this is because curtailment events are relatively infrequent, but their magnitude can 
still be large, requiring full curtailment of the airport solar PV array and still reducing power 
station load to 80 kW in one instance. 

 By contrast, the With case has a larger amount of excess energy (414 MWh) associated with 
curtailment, which is able to be used by schedulable loads. This is due to the additional 
renewable generation installed. The minimum power station load is now higher at 134 kW.  

 The With case is able to store about half of the renewable energy overproduction in the BESS 
(872 MWh reducing to 710 MWh after BESS round-trip efficiencies). This is then used later in 
the day when solar output is lower. 

 Overall cycle efficiency of the BESS is approximately 80%. 
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Figure 4.12: Average energy flows throughout the day for the base case (Without project) 

 

Figure 4.13: Annual energy flows for the base case (Without project) 
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Figure 4.14: Average energy flows throughout the day for the BESS case (With project) 

 

Figure 4.15: Annual energy flows for the BESS case (With project) 
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The main benefits of the With case compared to the Without case are: 

 an additional 2.0 MW of solar PV generation can be installed without decreasing the reliability 
of the system, thereby continuing progress towards the Cook Islands Government 100% 
renewable target whilst avoiding disruption of local renewable energy businesses and 
maintaining private investment confidence 

 the output of the additional solar can be used directly by the load (except between 10 am and 
3 pm in sunny conditions) thereby significantly reducing diesel generator output (1612 MWh) 
and saving fuel 

 between 10 am and 3 pm in sunny conditions, the BESS can store most of the excess 
production of the new solar PV and the airport array (872 MWh, reducing to 710 MWh after 
BESS round-trip efficiencies), and this can be used later in the day when solar generation is 
less, again reducing the diesel generator load and saving fuel. 
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The performance metrics and annual fuel savings for the proposed subproject are shown in Table 4.8 and Table 4.9. Table 4.8 also shows the effect of 
adding more solar PV to the system without the subproject, which limit the installation of more solar PV. With the BESS and curtailment strategy 
implemented, excess generation of additional solar PV can be stored, or curtailment if necessary, preventing system faults that would otherwise occur. 

Table 4.8: Performance metrics of the Rarotonga BESS subproject, annual average 

 BESS 
kW 

BESS 
kWh 

Avg PV 
Install 
(kWp, dc) 

Energy 
below 
500 kW 
(MWh) 

Counts 
below 
500 kW 

Minimum 
load (kW) 

Maximum 
load change 
(kW/min) 

Total Load at 
the power 
station (MWh) 

Load 
reduction 
(GWh) [%] 

BESS 
Discharge 
(MWh) 

BESS 
Charge 
(MWh) 

PV Generation 
(after curtailment) 
(MWh) 

Excess 
Energy 
(MWh) 

Without 
subproject 

0 0 4,282 0.40 11 84 436 23,111 0.00 0 0 6,021 117 

Without 
subproject + 
0.5 MW solar  

0 0 4,782 8.6 1836 -346 430 
Adding solar PV to the Without subproject case is not viable as the stability of the system is 

compromised, resulting in frequent faults due to diesels experiencing negative load. 

With 
subproject 

1,000 4,000 6,282 0.09 22 134 546 20,790 2.3 [10%] 710 897 8,388 414 

Table 4.9: Annual reduction in load of the power station diesel generators 

Year Power station 
savings (MWh) 

Year Power station 
savings (MWh) 

Year Power station 
savings (MWh) 

Year Power station 
savings (MWh) 

1 2196 8 2255 15 2374 22 2440 

2 2198 9 2304 16 2400 23 2453 

3 2215 10 2321 17 2353 24 2466 

4 2255 11 2295 18 2368 25 2478 

5 2214 12 2298 19 2391   

6 2212 13 2318 20 2414   

7 2237 14 2336 21 2427 Average 2329 
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Figure 4.16 shows the modelled BESS state of charge (SOC)19. Note that the high frequency of 
time at low SOC can be simply changed by discharging in the early morning, rather than late 
afternoon as is the current case. As such, this 10% frequency is not a useful measure. The 
discharge cycle can be selected and adapted based on the BESS cell characteristics and highly 
predictable discharge opportunities. 

 

Figure 4.16: BESS state of charge 

4.9.3 Reliability and grid stability 

The reliability data included in Table 4.8 shows that the BESS provides a higher reliability across all 
measures, except maximum change in load. The result for maximum change in load is expected, 
and will always be the case for more installed generation, however, it is well below the capability 
of the diesel generators response time, so is unlikely to represent an issue. 

The relative performance of the With and Without case can be seen in Figure 4.17. For 
comparison, other sizing is also shown. 

                                                                    

19 The state of charge is a percentage (0-100%) that represents how much energy the BESS contains, relative 
to its maximum energy storage capacity. 
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Figure 4.17: Power station load – frequency of occurrences (inset – focus on lower loads) 

Figure 4.17 shows that Without subproject case is likely to have acceptable performance, though 
experiences some low load events. However, it is quite sensitive, and installation of further 
uncurtailed solar PV rapidly decreases system stability (more events at low load). It is primarily for 
this reason that reliability risk is possible under this scenario. Even 0.5 MW additional solar PV 
causes negative loads (‘0’ category), which will likely cause system wide outages. Thus, it is 
considered unviable to install further solar PV (beyond the 4.2 MW limit) with current systems. 

Events in 
this 

category 
cause faults 
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By contrast, the With subproject case  significantly reduces low load events, and reduces the 
sensitivity to installed solar PV.  2.0 MW solar PV can be installed under this scenario with 
significantly reduced reliability risk. Because the without subproject case is as-yet untested, this 
does not guarantee that with the subproject the grid will not experience reliability issues. 
However, any issues should be less severe or frequent, and the BESS provides additional flexibility 
to address any issues through adaptation of the control system settings.  

Figure 4.17 shows that stability impacts are likely to be relatively insensitive to the amount of 
additional solar PV installed, however, risks increase with more solar PV. 2.0 MW is considered a 
conservative case that can potentially offer significant benefits, and is expected to be within the 
local capacity to install, in the implementation timeframe of the subproject (i.e. 2017). Also, 
excess energy increases rapidly above 2.0 MW, and while this can be utilised by schedulable 
loads, this is less desirable, and has less financial benefits, than energy that directly meets regular 
demand20.  

4.10 Distribution losses 

This subproject is not directly associated with any alternations to the distribution network, and 
hence is not associated directly with any impact on distribution system losses. Nevertheless, 
distributed generation can impact on the loading of the feeders, thus affecting losses. Typically, 
with relatively low levels of distributed generation, feeder loads are reduced as generation offsets 
consumption. However, at very high levels of distributed generation, where power is feeding into 
a centralised storage system, feeder loads and losses may increase. For the medium levels of 
generation enabled through this subproject, distribution losses are assumed to be largely 
unaffected. 

4.11 Risks 

The subproject has been selected to offer a robust and reliable system, with the flexibility to 
adapt as the electricity sector on Rarotonga develops over time. There are still some residual and 
external risks that can impact the project as follows: 

                                                                    

20 Also note that 2.0 MW is not the economic optimum of this, which is estimated to be somewhat higher at 
between 3.0 – 5 MW. It is the combination of factors and a conservative approach that drives the selection 
of 2.0 MW. 
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Table 4.10: Subproject risks 

Risk Mitigations employed  Sensitivities considered 

Technical 

solar resource less than that 
estimated 

None 10% less resource impacts 
fuel savings by 5% 

uncertainty in load and solar 
data (and their coincidence) 

None estimated fuel savings impact 
of 5% 

underperformance of BESS 
compared to modelled 
parameters 

Detailed procurement 
specifications and guarantees 

estimated fuel savings impact 
of 5% 

modelling does not capture 
transient impacts of the 
system, and more 
conservative control 
strategies are employed 

Conservative modelling 
assumptions and stability 
cases considered 

estimated fuel savings impact 
of 5% 

Cost 

capital costs more than 
expected 

Conservative estimate 
employed 

Increase capital costs by 10% 

fuel price lower than 
projected 

On site data of current fuel 
prices collected; World Bank 
projections applied. 

Decrease fuel price by 10% 

increase in operations and 
maintenance costs 

Conservative estimate 
employed; Contractual 
arrangements for supplier 
responsibilities 

Increase operations and 
maintenance costs by 10% 

There is a key risk, highlighted in Section 1.6, in that the proposed 4.2 MW stability limit is 
untested. However, Entura’s modelling shows that if this limit cannot be reached (i.e. and 
distributed connections are ultimately limited to a lower threshold), then the benefits of the 
proposed BESS system increase (i.e. it is possible to install more than 2.0 MW of additional solar). 
For instance, if the current 3.3 MW limit is adhered to, the proposed system would allow in the 
order of 3.5 MW of additional solar to be connected, with higher fuel savings. 

4.12 Tariffs 

TAU currently offers the tariff structure shown in Table 4.11. 
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Table 4.11: TAU tariff structure (NZD) 

Scheme Rate (c/kWh) Rate ($/kW) 

Commercial 77  

Demand 66 Off-peak: 26 

Peak: 30 

Domestic 0-60 kWh 53  

Domestic 61-300 kWh 77  

Domestic above 300 kWh 79  

   

Gross / net feed-in 45  

The current commercial arrangements for the gross feed-in tariff (and other IPPs) is for a 5 year 
term, plus a further 5 years at half the Commercial tariff. 

It is anticipated that new solar PV enabled through the subproject will be TAU owned (e.g. PEC 
funded panels), hence, tariffs are not considered to have a direct impact on the subproject 
(revenue from customers and payments to private generators will be the same in either case). 

4.13 Commercial arrangements for the additional 2.0 MW of solar PV array 

The Rarotonga BESS subproject acts as an enabler for installation of an additional 2.0 MW of 
renewable generation. The model under which this generation is installed is at the discretion of 
TAU and GCI. However, the following provide some considerations: 

 Approximately 1.4 MW of solar PV modules were recently purchased by GCI for Rarotonga 
using. These are currently expected to be issued to TAU for installation on projects it has 
identified (such as rooftops of government buildings – typically with capacity exceeding 
100 kW per site). This is thus expected to account for most of the 2.0 MW additional solar 
PV. 

 The remaining 0.6 MW may be installed via a different mechanism. However, there is 
significant benefit in consolidating this into a single (or small number) of installations, as 
this substantially simplifies curtailment technical requirements, and commercial 
arrangements. TAU may therefore consider letting this as a single IPP contract, with in-built 
arrangements to address both the technical and commercial impacts of the curtailment. 
Alternatively, if other grant funds can be accessed, then the above model of TAU ownership 
may be preferable. 

 Curtailment of small scale domestic / distributed renewable generation is also possible, but 
relatively untested and likely to be a more complex technical and commercial challenge. 
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5. Innovation and opportunities for demonstration 

The proposed BESS subproject is considered a key opportunity for technology demonstration, 
learning and innovation. Beneficially, it can provide this in a relatively conservative, low risk way. 
These benefits of the subproject are outlined below. 

BESS in general are complex and many faceted, largely because of the complex behaviour of cell 
chemistry and the many and variable implementations of power electronics and control systems 
in different solutions. However, within this context, the proposed BESS technology proposed is a 
relatively mature, standard technology package and connection. As such, this aspect of the 
project represents a manageable risk, but also an opportunity for local stakeholders to become 
familiar with the technology, its idiosyncrasies, procurement methods, performance tests, and 
asset management requirements.  

The specific application of the BESS combined with PV curtailment is considered novel and 
innovative. Driven by the demands of rapid expansion in renewable energy but within constraints 
that limit implementation of a more complex solution, the BESS and control system offer a simple 
solution with far greater value than load shifting alone. In fact, the optimisation solution is 
considered to provide close to the maximum benefit of a BESS in the project context, even while 
maintaining a simple connection and simple, low speed control and grid integration.  

Like many utilities, TAU is faced with increasing pressure and opportunity to contract with private 
proponents offering storage through a power purchase agreement. TAU intends to assess 
appropriate measures for such opportunities through its Network Study, and the BESS (together 
with the SCADA) will provide an ideal opportunity to collect experience and data to support any 
future plans. It is intended that the Rarotonga BESS may serve as a demonstration project on 
which future private generation and storage provision can be based. 

The approach of using the BESS in conjunction with a relatively simple, slow speed controller is 
flexible and will provide important opportunities for TAU to experiment, learn, and enhance the 
system. This also provides for opportunities to increase functionality as other technology comes 
on line. There are many potential simple power station and grid enhancements that would add 
value further. 

All of the above benefits are relevant not just to Cook Islands stakeholders (who ultimately have 
storage requirements in excess of 10 times that of the subproject), but also to utilities and 
governments of a wide range of other nations with limited hydro resources who are looking to 
rapidly transition to medium or high levels of renewable energy.  
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6. Procurement 

It is intended that the Rarotonga BESS be procured as a single International Competitive Bidding - 
Plant package. To maximise the opportunity for value from the Rarotonga BESS, the tender will 
include a baseline requirement for the system as specified in this report, with options for alternate 
bids providing additional value. Current market rates indicate that this baseline specification should 
be comfortably achievable within the project budget. Added value may include: 

 additional capacity and / or power rating 

 overload power rating options 

 advanced control functions 

 additional throughput life and / or product warranty 

 ease of recovery for recycling the battery 

 service level agreement from supplier with remote support 

 capacity provide ancillary support services, such as voltage control and power factor 
correction. 

The Rarotonga BESS will be procured as a single stage – single envelope tender. This provides the 
necessary flexibility in evaluating the competing variables of cell life (and hence opex) and capital 
cost. It also allows for a more thorough assessment of the relative techno-economic merits of 
different technology configurations, including alternative offers. 

Implementation of the control algorithm set out in this feasibility study, into the TAU SCADA can be 
undertaken by TAU. Budget provision has been made for capacity building and technical support as 
required.  

The procurement timeframe is to have bidding documents prepared and advertised by May, with the 
intent to award the BESS contract in August. This then allows approximately 10-12 months for 
manufacturing and procurement. It is noted that this is a tight timeframe, with potential for some 
slippage both in the procurement and delivery phase. 
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7. Conformance with selection criteria 

7.1 Access to renewable energy 

As per Section 4, the proposed Rarotonga BESS subproject will deliver an additional 8% renewable 
energy by providing the means to lift the grid stability limit, install more solar PV, and utilise 
otherwise spilt renewable generation.  

As described in the CIRECIP (2016 Update), TAU connects over 4300 electricity customers on the grid, 
which comprises the vast majority of the Rarotonga population (there are a very small number of 
domestic and commercial premises that have elected to operate off-grid). Thus, the subproject will 
provide widespread access to renewable energy, while maintaining affordability of supply.  

This project contributes significantly towards the CIRECIP targets of 100% renewable energy by 2020 
and is a key step for Rarotonga. 

7.2 Technical feasibility 

The proposed system design is considered technically feasible based on the following: 

 mature storage technology is available to meet the specification 

 sufficient solar resource to be utilised by the solar PV technology enabled (estimated GHI of 
4.6 kWh/m2) 

 robust system conceptual operation, developed on the basis of available data 

 the system is robust to changes or inaccuracies in load and solar resource estimates, and these 
can further be adapted for through fine tuning of control system algorithms 

 there is redundancy available through the operation of the curtailment system in the event 
that the BESS is offline  

 operations, maintenance and monitoring is achievable within existing local capabilities, with 
supplier support, allowing for modest capacity building 

 assessment of reliability indicates no adverse impacts compared to the base case 

 flexibility is inherent in the design, allowing for optimisation of performance and adaption to 
future requirements.  

7.3 Economic efficiency 

The expected economic benefits of the subproject are: 

 Quantified: 

o diesel fuel savings, arising from reduced load on the power station generators 

o reduced carbon dioxide emissions associated with the diesel fuel savings 
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o excess renewable energy available for utilisation in schedulable applications (such as 
water pumping or electric vehicles) 

 Unquantified: 

o demonstration of the BESS load shifting application in conjunction with renewable 
energy generation and curtailment; providing a model, and capacity building, for future 
such installations on Rarotonga 

o avoiding disruption to the progressive roll-out of renewable energy in Rarotonoga, 
thereby preserving at least 3 local businesses reliant ono this industry, preserving 
private investor confidence and community confidence in the renewable energy 
program, and supporting the GCI 100% policy for renewable electricity by 2020. 

The attached analysis (Appendix B), conducted in accordance with ADB procedures, shows that the 
EIRR of the proposed Rarotonga BESS subproject, based on the above quantified benefits only, is 
12.6%.  

A sensitivity analysis was done for the following scenarios:  

 Reduction solar resource by 10% (corresponds to reduction in fuel savings by 5%)21; 

 Increase in operations and maintenance costs by 10%;  

 Increase in capital costs by 10% 

 Drop in diesel prices by 10%  

The results of the sensitivity analysis are shown in the following table.  

Table 7.1: Economic efficiency - Results of the sensitivity analysis 

  Base Case Reduction 
in solar 
resource 

Increase in 
capital costs 

Increase in 
operations 
and 
maintenance 
costs 

Drop in Fuel 
Price 

EIRR 13.1% 12.6% 12.1% 12.5% 11.5% 

NPV, NZD (‘000s)  933   529   47   407   (362) 

 As such, the subproject is considered to satisfy the selection criteria for economic efficiency. 

When considered in aggregate with the other approved subprojects for Phase 1 (Aitu, Mangaia, 
Mauke and Mitiaro), the economic viability is as shown in Table 7.2 

                                                                    

21 There is not a 1:1 relationship between solar resource and fuel savings. System non-linearities including 
curtailment, solar PV losses, and BESS losses mean that 10% reduction in solar resource has a less significant 
impact on fuel savings. 



COOK ISLANDS RENEWABLE ENERGY SECTOR PROJECT - Rarotonga Battery Energy Storage System Revision No: 0 
E304965-TR-4 8 April 2016 

 63 

Table 7.2: Economic efficiency - Results of the sensitivity analysis – aggregated projects 

  Base Case Reduction 
in solar 
resource 

Increase in 
capital 
costs 

Increase in 
operations 
and 
maintenance 
costs 

Drop in Fuel 
Price 

EIRR 13.3% 12.5% 12.3% 13.0% 12.1% 

NPV, NZD (‘000s) 2,581   913   564  1,808   134  

7.4 Financial viability 

No additional revenues are expected as a direct result of the subproject. The direct financial benefits 
assessed for the subproject are comprised entirely of savings in fuel costs (reduced diesel generation 
requirements) resulting from the subproject. The analysis presented in Appendix A shows that the 
Rarotonga BESS subproject satisfies the financial selection criteria as follows: 

 FIRR of 9.53% > WACC of 5.49% 

 Robust to adverse conditions: sensitivity study, shown in Table 7.3, demonstrates that the 
Rarotonga BESS subproject can still satisfy the FIRR requirements with reasonable variations in 
uncertain parameters. 

The FIRR is most sensitive to variations in diesel price estimates (consistent with the findings of the 
preparatory stage), however, the FIRR is above the WACC in all sensitivity cases. 

Table 7.3: Financial sensitivity results 

  Base Case Reduction in  
solar 
resource 

Increase in 
capital 
costs 

Increase in 
operations 
and 
maintenance 
costs 

Drop in 
Fuel Price 

FIRR 9.6% 9.2% 8.8% 9.5% 8.6% 

NPV, NZD (‘000s) 6,895  5,827  5,796  6,373  4,764  

When considered in aggregate with the other approved subprojects for Phase 1 (Aitu, Mangaia, 
Mauke and Mitiaro), the financial viability is as shown in Table 7.4. 

Table 7.4: Financial sensitivity results – Aggregated projects 

  Base Case Reduction in 
solar 
resource 

Increase in 
capital 
costs 

Increase in 
operations 
and 
maintenance 
costs 

Drop in Fuel 
Price 

FIRR 10.0% 9.2% 9.1% 9.8% 9.2% 

NPV, NZD (‘000s) 16,352  12,545  13,922  14,781  12,348  
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7.5 Environmental impact 

Entura has prepared an update of the Initial Environmental Examination (IEE) to address 
environmental impacts associated with the subproject. In terms of the selection criteria, the IEE 
shows the following: 

(a) the project must not be classified as category A in accordance with ADB’s SPS 

No significant environmental impacts of any nature were identified as being likely in association with 
the proposed subproject. 

(b) the project must not result in significant loss of, or damage to, natural environments, 
such as forests, reefs, mangroves, or other sensitive areas 

no potential for significant loss of, or damage to natural environments has been identified. 

(c) the project must not have a permanent negative effect on a known or endangered species 

no potential for impact on known or endangered species has been identified. 

(d) the project must not cause permanent damage to irreplaceable cultural relics and 
archaeological sites. 

No cultural relics or archaeological sites were identified at, or in direct proximity to the subproject 
site. 

In essence, the subproject is planned for a developed site, with no identified environmental risks. 

7.6 Land acquisition and resettlement 

The Rarotonga BESS subproject has been classified as resettlement category C, as there are no 
affected persons. The site of the project is existing government land with no private interests. 
Further details validating the resettlement category C classification are included in a separate due 
diligence report already provided to ADB. Because of this, no land acquisition and resettlement plan 
is required. 

7.7 Counterpart funds 

The total subproject budget for physical implementation is estimated at USD 4,127,668 (NZD 
6,171,502). This budget will be met from the GEF grant allocation.  

Counterpart funds for the other subprojects is confirmed as follows: 

 Asian Development Bank Loan: NZD12,980,000 

 European Union Grant: USD7,260,000 

 Government of the Cook Islands: NZD5,830,000 
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7.8 Additional criteria 

Item Response 

the global 
environmental and 
/ adaptation 
problems, root 
causes and barriers 
that need to be 
addressed 

 (Refer to Section 1.1) 

The Cook Islands is a Pacific island country divided into two island groups, 
northern and southern, with an estimated total population of over 14,000 
people. About 92% of the population lives in the southern group, which 
includes the main island of Rarotonga. Like many other island countries in the 
Pacific, the country faces dire and immediate consequences – from sea level 
rise and more frequent and stronger storms to the changing distribution of 
disease vectors – that are markedly disproportionate to its contribution to 
global greenhouse gas (GHG) emissions. Climate change can compromise their 
prosperity, stability, and security. The impacts on human health, food 
production, land and marine resources use, as well as damage to 
infrastructure and water resources will result in economic losses that might 
cause large-scale migration (both internally and externally). Women and 
children especially are at greatest risk from these impacts. 

Although their footprint to the global climate change impact is fairly marginal, 
the power sector of the country heavily relies on imported fossil fuels and 
particularly diesel. Diesel-powered generators constitute about 99% of the 
total electricity generating capacity. Changing diesel-based power generation 
to one based on renewable energy sources is expected to reduce diesel 
consumption for power generation by up to 95% and will contribute to 
sustainable social and economic development. Lowering the Cook Islands’ 
reliance on fossil fuels will also help free up government funds for other needs 
while improving national energy security and sustainability. With electricity 
costs currently making up 3%−4% of household expenditure and 7%−15% of 
business expenditure, a transition to renewable energy sources will also 
provide certainty in the face of significant downside risk from fuel price 
variation (i.e. there is the opportunity to lock in electricity costs using 
renewables at a price that is competitive with current fuel price projections).  

Like many other small island nations in the Pacific, the power generation from 
renewable energy resources has recently become a feasible solution because 
the up-front capital costs have reduced as the necessary technology has 
matured. Low levels of renewable energy (wind and solar PV) have been 
viable for several years, however, maturing battery energy storage systems 
and a range of demonstration projects have enabled high levels of renewable 
energy to be implemented in a grid by providing stabilisation functions and 
load shifting. 

In this environment, transitioning to clean and sustainable energy systems is a 
key priority of the government demonstrated by the adoption of 100% 
renewable energy targets in the power sector and the willingness to use the 
entire, flexible GEF-6 STAR allocation toward enhancing the Renewable 
Energy Sector Projects (RES Project) currently being funded by the 
Government of the Cook Islands, the Asian Development Bank (ADB) and the 
European Union (EU). 
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Item Response 

the baseline 
scenario or any 
associated baseline 
projects 

(Refer to Section 1.1) 

The total electricity demand in the Cook Islands is approximately 34.5 GWh 
and is expected to grow slightly to remain approximately constant through to 
2020 (with a modest increase of about 0.5% per annum thereafter). The 
southern group is the dominant load centre accounting for 98% of current and 
future load demand.  

In 2011, the government issued the Cook Islands Renewable Energy Chart 
setting a target of supplying 50% of inhabited islands with power from 
renewable sources by 2015 and 100% of the inhabited islands by 2020. It also 
launched the Cook Islands Renewable Energy Chart Implementation Plan 
(CIRECIP) in 2012, which incorporates a development schedule for electricity 
generation from renewable sources. In 2016, the CIRECIP was updated 
bringing the implementation plan up to date with current status and further 
developing the specific implementation requirements in line with current 
technology and understanding. 

Using 2012 as the baseline, 0% of the Cook Islands had converted the energy 
system from diesel fuel to renewable energy sources. Since then, distributed 
solar has been progressively implemented on Rarototonga with about 1 MW 
(4% of energy) installed prior to 2014. New Zealand then undertook solar 
photovoltaic (PV) power system development on the northern group of 
islands and on Rarotonga in 2014 (which, with additional distributed 
installations in Rarotonga, brought the total to about 13% renewable energy 
by the end of 2015).  

ADB, New Zealand, and EU have coordinated closely to support 
implementation of the CIRECIP. Under CIRECIP, the government has decided 
to develop the RES project on the southern group of islands, which will 
construct up to six solar PV power plants with a total installed capacity of 
about 3 megawatts-peak (MWp) coupled with storage and rehabilitate the 
existing distribution network. The RES project will be implemented in phases 
starting with the four islands of Mangaia, Mauke, Mitiaro and Atiu and to be 
followed by projects on Aitutaki and Rarotonga. It will also (i) provide project 
management support, including capacity building, for design, implementation, 
and operation and maintenance (O&M); and (ii) help facilitate private sector 
participation by setting appropriate off-take tariffs for power purchase 
agreements, enhance demand-side energy efficiency, and update the CIRECIP 
for further renewable energy deployment by 2020. 

The government has requested a loan and a grant totalling US$18.45 million 
equivalent to help finance the RES project. Financing will comprise (i) a loan of 
NZ$12.98 million (equivalent to US$11.19 million) from ADB’s ordinary capital 
resources, and (ii) a grant of €5.30 million from the EU. With the 
government’s contribution of US$5.83 million, the RES project cost is 
estimated at US$24.28 million equivalent. 

The Cook Islands’ dependence on fossil fuels will be reduced under the RES 
project as it is expected to generate about 3.66 GWh/year of electricity. This 
will result in annual savings of 1.09 million litres of diesel consumption and 
annual reduction of 2,930 tons of carbon dioxide emission each year over the 
estimated 25 year lifetime of the project. The outcomes of the project include 
increased energy security and sustainability in the Cook Islands.  
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Item Response 

 This RES project will assist the Cook Islands to fulfil its goal of delivering 
renewable energy to all of its islands by 2020. The project also provides 
assistance to the government’s Office of the Energy Commissioner and the 
Renewable Energy Development Division to develop their energy efficiency 
policy implementation plan. This includes capacity for the 10 staff in 
renewable energy technology assessments and tariff setting in private-sector 
funded projects. Likewise, the project has provided for the CIRECIP update to 
include load demand, viable renewable energy technology choices and least-
cost investing. The REC project complements ongoing support for solar power 
from the Government of New Zealand in the country’s northern island group 
and on Rarotonga. 
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Item Response 

the proposed 
alternative 
scenario, GEF focal 
area strategies, 
with a brief 
description of the 
expected outcomes 
and components of 
the project 

The proposed approach links to the GEF 6 Strategic Objective CCM-1: Promote 
the timely development, demonstration, and financing of low-carbon 
technologies and mitigation options. Additional grant funding of about 
US$4.12 million from GEF will increase the overall project investment to about 
US$28.40 million from the current US$24.28 million. The GEF grant would be 
used for enhancing the RES project, particularly the scopes of the second 
phase project on Rarotonga. The RES project is expected to enable 10% 
renewable based electricity in the Cook Islands raising the total to between 20 
and 25%. This is still far lower than the government target of 100% renewable 
power generation by 2020. 

Moreover, in a power system with high penetration of renewables, sufficient 
reserve capacity, e.g., spinning reserve for the electricity supply, is needed to 
compensate for a rapid unexpected loss in generation resources in order to 
keep the system balanced. This spinning reserve is reduced as more 
renewable generation enters the system and diesel generators meet less of 
the load. This increases reliability risk and ultimately, a limit is reached where 
high renewable penetration causes negative loads in diesel generators, 
causing system wide faults. Electricity storage and control systems offer ways 
to ‘firm’ solar PV supply, enabling more reliable, predictable and dispatchable 
electricity output, and thus management of minimum spinning reserve. 
Therefore, increasing system storage capacity, through battery technologies 
for example, will be essential in achieving higher shares of renewable energy 
without negatively affecting the grid stability in the future. 

The impact of the RES project including the grant from GEF will be increased 
energy security in an environmentally sustainable manner. The outcome will 
be increased access to a higher share of electricity generated by renewable 
energy sources. The investment costs of additional GEF grant include 1) A 
turnkey contract for provision of a Battery Energy Storage System (BESS), and 
2) technical assistance to support TAU in implementing the necessary control 
algorithm for management of the BESS in conjunction with PV system 
curtailment. 

This enhancement through the GEF funding will allow the Cook Islands to 
continue its roll-out of renewable generation in accordance with its timeline 
to meet 100% renewable energy. It will also provide stability and confidence 
to local industry, investors and community. Furthermore, the Cook Islands will 
gain valuable experience that can be useful for other islands in the region that 
are sharing similar struggles on their trajectories to meeting renewable energy 
targets. Specifically, what will be gained is the operational know-how 
complemented by soft measure support to address the particular challenges 
associated with rapid, increasing shares of renewables in small island grids. 
developing island contexts. Through similar efforts by ADB and partners in the 
region, this project could be replicated on other islands in the Pacific facing 
similar challenges. 
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Item Response 

incremental / 
additional cost 
reasoning and 
expected 
contributions from 
the baseline, the 
GEFTF, LDCF, SCCF, 
and co-financing 

The government has requested a loan and a grant totalling $18.45 million 
equivalent to help finance the project. Financing will comprise (i) a loan of 
NZ$12.98 million (equivalent to US$11.19 million) from ADB’s ordinary capital 

resources, and (ii) a grant of €5.30 million from the EU, which will be 
administered by ADB. The loan will have a 22-year term, including a grace 
period of 3 years, straight-line repayment method, an annual interest rate 
determined in accordance with ADB’s London interbank offered rate-based 
lending facility The loan will be used for the procurement of equipment and 
materials, civil works, services, related transportation, insurance, installation 
costs, and interest and commitment charges on the loan during construction 
for second phase projects on Aitutaki and Rarotonga. The loan will also be 
used to finance consulting services and contingencies. The grant will be used 
for the procurement of equipment and materials, civil works, related 
transportation, insurance, and installation costs for first phase projects on 
Mauke, Mitiaro, Mangaia and Atiu. The government will finance(US$5.83 
million) land acquisition, environmental and social monitoring, taxes and 
duties, and solar photovoltaic module procurement. Monitoring and 
evaluation systems will be established through the baseline project in order to 
meet ADB and GEF M&E requirements, including the preparation of the GEF 
CCM Tracking Tool, Annual Project Implementation Reports, Mid-term Review 
and Terminal Evaluation. Procurement of goods, works, and services will be 
conducted through turnkey contracts. The turnkey contracts will include final 
design and engineering, supply and installation of equipment, construction 
works and commissioning, and an O&M knowledge transfer program. 

The additional GEF grant will be used for 1) A turnkey contract for provision of 
a Battery Energy Storage System (BESS), and 2) technical assistance to support 
TAU in implementing the necessary control algorithm for management of the 
BESS in conjunction with PV system curtailment.  

A detailed assessment of the above systems is included in this feasibility study 
report. ADB will also undertake a rapid climate risk screening, and if necessary 
(for medium to high risk) a more detailed climate risk and vulnerability 
assessment will be undertaken (with ADB resources) to ensure that the design 
will incorporate adequate climate-resilience measures to protect the funded 
assets. The rapid assessment will be undertaken with "AWARE for Projects" - 
an online tool used by ADB project teams to screen projects for climate risks. 
The tool uses data from 16 general circulation models, as well as databases on 
a range of variables including temperature increase, wildfire, water 
availability, precipitation change, flooding, tropical storms and landslides. 
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Item Response 

global 
environmental 
benefits (FEFTF) 
and / or adaption 
benefits 
(LFCF/SCCF) 

The RES project will result in annual savings of 1.09 million litres of diesel 
consumption and annual reduction of 2,930 tons of carbon dioxide emissions. 
The project lifespan is estimated at 25 years. The additional financing would 
help to ensure that GHG emissions reductions are realized throughout the 
lifespan of the project through climate resilience measures and contribute to 
an accelerated timeline in the Cook Islands' efforts to meet its goals for 
decarbonization in the power sector without negatively affecting the grid 
stability in the future. 

The direct GHG emissions reductions from the RES project including additional 
financing from GEF are estimated at about 73,246 tonnes of CO2 equivalent 
(CO2e) throughout the lifespan. This project does not include activities that 
would result in direct post-project greenhouse gas emission reductions. Using 
the GEF bottom-up methodology, indirect emission reductions attributable to 
the project are 109,869 tonnes of CO2e using a replication factor of 1.5. Using 
the GEF top-down methodology, indirect emission reductions attributable to 
the project are 293,000 tonnes of CO2e using a project causality factor of 
40%. 

innovativeness, 
sustainability and 
potential for 
scaling up 

Innovation: (also refer to Section 5). 

The RES project is ADB's first sector loan intervention for the energy sector of 
the Cook Islands. The sector loan approach is appropriate because it allows 
flexibility in subproject development, institutional strengthening, and capacity 
development to roll out renewable energy deployment on all islands. The 
current combination of loan and grant provide for the first phase of 
renewable energy projects to be completed on the islands of Mitiaro, Mauke, 
Mangaia and Atiu. In addition, the proposed sector loan approach can be 
replicated in other countries in the Pacific. Technically, the power outputs 
from the three phase 1 subprojects will be synchronized and integrated into 
the existing electricity grid using battery storage to make up for the 
intermittent nature of solar energy and ensure electricity supply even during 
the night. This will help make the electricity system sustainable, stable, and 
reliable, allowing it to supply clean electricity and meet more than 90% of 
electricity load demand.  

Moreover, the additional grant from GEF will enable the government and the 
local grid-operator to implement an effective solution using suitable storage 
technologies, to continue to roll-out solar PV generation on the main island of 
Rarotonga (Phase 2 project) without negatively affecting the grid. 
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Item Response 

innovativeness, 
sustainability and 
potential for 
scaling up 

Sustainability:  

The project will provide institutional strengthening to the government for (i) 
developing the energy efficiency policy implementation plan including an 
energy audit and monitoring scheme to enhance demand-side energy 
efficiency practices for targeted major electricity consumer groups; (ii) 
developing the capacity to assess renewable energy technologies and set 
appropriate off-take tariffs for power purchase agreements in projects funded 
by the private sector; and (iii) updating the CIRECIP by re-examining the 
electricity load demand up to 2020, the renewable technology choices, and a 
least-cost investment plan. The consultants engaged under this component 
are the project owner’s engineer (POE) team (Entura), who will also provide 
support for the project management unit (PMU) for the responsible 
government agencies to help implement Phase 1 and Phase 2 subprojects in 
the southern islands. The turnkey contractor(s) of both phase 1 and 2 
subprojects will provide specialized O&M knowledge transfer to ensure 
sustainable operation. 

 

Scaling-up:  

With the GEF-6 STAR allocation funding, activities at the second phase sites 
can be enhanced through improved renewable energy generation and storage 
as well as improved climate-resilience measures. Allowing for innovative 
technical and operational combinations, such as improved management, 
multiple storage technologies and solar PV generation, provides the Cook 
Islands with the means to meet its goals of 100% renewable energy for the 
southern island group in a timely manner and also without affecting the grid 
stability. Under the project scopes, the feasible renewable technology options 
to achieve the national goals of 100% renewable energy for the southern 
island group will be assessed, particularly the role of solar PV Likewise, many 
small islands in the Pacific are facing similar technical questions related to the 
transition from fossil fuels to renewables. In addition, the GEF funding will 
allow testing, of cost effective load shifting storage technologies for 
application in grid stabilisation. This is likely to be technology that is suitable 
for further application within the country and other similarly placed countries 
in the Pacific. 
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8. Next steps 

Based on the preceding analysis, the proposed subproject is considered to satisfy the subproject 
selection criteria and is recommended for approval. 

Subsequent to the issue of this report, it is anticipated that the Renewable Energy Development 
Division (REDD) will seek Government of the Cooks Islands (GCI) approval of the subproject. GCI will 
then work with the ADB) to finalise GEF approval of the subproject, and inclusion of the additional 
financing within the overall Cook Islands Renewable Energy Sector Project. 
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A Financial analysis 

A.1 Introduction 

A.1.1 The Project 

The financial assessment of the Rarotonga Battery Energy Storage System (BESS) subproject has been 
carried out in accordance with Asian Development Bank (ADB) Financial Management and Analysis of 
Projects22.  The financial analysis was conducted to determine the financial viability and sustainability 
of the BESS subproject under the GEF funded portion of the Renewable Energy Sector Project. The 
BESS subproject will use battery storage to expand the solar PV based generation system in 
Rarotonga. 

The current electricity generation and distribution system is owned and maintained by the Te Aponga 
Uira (TAU) the state-owned vertically integrated electricity utility.The cost of electricity is met by the 
tariff revenues from consumers .  Capital replacement is substantially funded by own revenues. The 
project implementing agency will be TAU. 

A.1.2 Methodology 

The assessment was carried out using a cashflow analysis by projecting future revenues and cost 
streams from the project using certain assumptions.  Two streams of cashflows were developed; 
“with” and “without” project and the incremental cashflow determined. The stream of incremental 
cashflow is then discounted to its Present Value and financial indicators such as Financial Internal 
Rate of Return (FIRR) and Financial Net Present Value (FNPV) calculated.  The Weighted Average Cost 
of Capital (WACC) is determined based on the source and cost of financing which is then used as a 
benchmark to compare with the FIRR and FNPV.  

A.2 Framework for financial analysis and indicators used 

A.2.1 Framework for financial analysis 

The framework for the financial analysis consists of (i) project cost estimates / investment plan; (ii) 
project operating plan; and (iii) project financing plan. The project cost estimates include estimates 
from the technical analysis of expected annual capital expenditure during project implementation 
including civil works, equipment,  consultancy services, project management and physical 
contingencies.  The project operating plan provides projections of expected revenues and operating 
costs throughout implementation and operation.  The financing plan indicates sources of debt and 
equity financing of the project which includes the amount of equity contribution from the 
Government.  

A.2.2 Financial Indicators 

                                                                    

22 Financial Management and Analysis of Projects, ADB, 2005 



COOK ISLANDS RENEWABLE ENERGY SECTOR PROJECT - Rarotonga Battery Energy Storage System Revision No: 0 
E304965-TR-4 8 April 2016 

 

  

The project will result large annual fuel cost savings (offset by slightly increased O&M costs), but no 
change in revenue for its owner, TAU. The profitability of the project to TAU is indicated by its FIRR. 
The FIRR indicates the rate of return the project gives to the owner. The FIRR is compared to the 
WACC, another financial indicator, which indicates the cost of funds of the sources from which the 
project is financed.  

A.2.3 General assumptions used in the financial analysis 

This section lists the general assumptions. The specific assumptions relating to the project are in a 
separate section below. The general assumptions used are; (i) a 25 year project economic lifetime; 
(ii) no residual value assumed at the end of the period; (iii) all costs based on 2016 Constant prices. 

A.2.4 Weighted Average Cost of Capital (WACC) 

The WACC was calculated is real terms for the project at the time of appraisal by the ADB. 
Considering the additional financing as set out in the PAM, updated April 2016, the WACC has been 
updated to reflect the amount and weightage of all funding sources, including the additional 
financing. All other assumptions of the WACC calculation remain as per the 2014 ADB RRP.  The 
WACC is calculated as 5.49% on an after tax basis.  

Table A1: Calculation of WACC 

  Item Asian 
Development 
Bank OCR 
Loan 

EU Grant Government GEF Total 

A Amount ($ million) 11.19 7.26 7.14 4.26 29.85 

B Weightage (%) 37.5 24.3 23.9 14.3 100 

C Nominal cost, considering ADF loan as 
basis (%) 

5.65 10 10 10   

D Tax rate (%) 0 0 0 0   

E Tax-adjusted nominal cost [C x (1-D)] (%) 5.65 10 10 10   

F Inflation rate (%) 3 2.3 3 2.3   

G Real cost [(1+E)/(1+F)–1] (%) 2.57 7.53 6.80 7.53   

H Weighted component of WACC [G x B] 
(%) 

0.96 1.83 1.63 1.07 5.49 

A.3 Financial analysis of the project 

The project will reduce the fossil fuel consumption in Rarotonga and enhance the level of electricity 
security in the island. 

A.3.1 Specific assumptions used 

The specific assumptions used are (i) incremental diesel generation savings of 2.5 GWh per annum 
based on simulations with and without BESS; (ii) current fuel efficiency is 3.42 kWh/litre. However, 
more energy efficient generators have recently been installed and it is estimated that fuel efficiency 
will improve to 4.00 kWh/litre; (iii) a base fuel price of NZD 1.03/litre is assumed based on prices paid 
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by Aitutaki Power Supply23. TAU considers fuel price information to be confidential since it operates a 
tender system in its purchase; (iv) no change in the gross generation requirement over the project 
period; (v) no change in distribution losses since benefits will accrue to both “with project” and 
“without project” equally; (ix) increase in fuel price of 7.6% in real terms based on the World Bank 
Commodity Price Forecast of January 2016;24  (xi) replacement of battery cells in year 13 of 
operations at a cost of NZ$2 million  

A.3.2 Results of the Financial Analysis 

The FIRR of the BESS subproject is 9.63% and the FNPV is NZ$6.9 million. Given that WACC of 5.49%, 
this demonstrates the project’s financial viability and sustainability.   

                                                                    

23 Aitutaki Power Supply has a very similar supply chain and bulk purchasing arrangement to TAU, and is 
considered the most reliable (and conservative) alternative estimate of fuel prices for TAU. Commercial and 
retail fuel prices for diesel fuel imported to Rarotonga is significantly higher than this estimate. 

24 World Bank Commodities Price Forecast, 20 January 2016, World Bank, 
http://pubdocs.worldbank.org/pubdocs/publicdoc/2016/1/416691452115001555/CMO-Pink-Sheet-January-
2016.pdf 
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Table A.1: BESS subproject cashflow  

Detailed FIRR and FNPV Computation (Constant 2016 NZD 000) 

Incremental  

   Year Net Cashflow (incremental) 

  Capital Cost Revenues O&M Net Cashflow 

2016  (619.2)  -     -     (619.2) 

2017  (10,572.4)  -     -     (10,572.4) 

2018  -     646.7   (66.8)  579.9  

2019  -     696.1   (66.8)  629.3  

2020  -     754.6   (66.8)  687.8  

2021  -     826.3   (66.8)  759.5  

2022  -     872.4   (66.8)  805.6  

2023  -     937.7   (66.8)  870.8  

2024  -     1,019.8   (66.8)  953.0  

2025  -     1,105.6   (66.8)  1,038.8  

2026  -     1,215.2   (66.8)  1,148.4  

2027  -     1,316.3   (66.8)  1,249.5  

2028  -     1,400.1   (66.8)  1,333.3  

2029  -     1,507.6   (66.8)  1,440.8  

2030  (2,019.1)  1,635.9   (66.8)  (450.0) 

2031  -     1,773.1   (66.8)  1,706.3  

2032  -     1,938.0   (66.8)  1,871.2  

2033  -     2,107.5   (66.8)  2,040.6  

2034  -     2,221.9   (66.8)  2,155.1  

2035  -     2,405.0   (66.8)  2,338.2  

2036  -     2,612.0   (66.8)  2,545.2  

2037  -     2,836.1   (66.8)  2,769.3  

2038  -     3,067.3   (66.8)  3,000.5  

2039  -     3,316.5   (66.8)  3,249.6  

2040  -     3,585.8   (66.8)  3,519.0  

2041  -     3,876.8   (66.8)  3,810.0  

2042  -     4,191.4   (66.8)  4,124.6  

  

  

FIRR 9.63% 

  

  

FNPV (NZD 000s) 6,894.8  
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A.3.3 Combined GEF analysis 

A combined analysis of the GEF funded subprojects, i,e, Atiu, 3Ms and BESS was also carried out. This 
analysis shows that the combined FIRR is 10.0%.  

Table A.2: Cashflow for combined projects 

Detailed FIRR and FNPV Computation (Constant 2016 NZD 000) 

Incremental  

   Year Net Cashflow (incremental) 

  Capital Cost Revenues O&M Net Cashflow 

2016  (9,981.5)  -     -     (9,981.5) 

2017  (14,584.8)  -     750.2   (13,834.6) 

2018  -     646.7   745.1   1,391.8  

2019  -     696.1   811.4   1,507.5  

2020  -     754.6   882.8   1,637.4  

2021  -     826.3   959.5   1,785.8  

2022  254.3   872.4   1,042.0   2,168.7  

2023  -     937.7   1,130.7   2,068.4  

2024  -     1,019.8   1,226.1   2,245.9  

2025  -     1,105.6   1,328.7   2,434.3  

2026  (849.3)  1,215.2   1,439.0   1,805.0  

2027  -     1,316.3   1,557.6   2,873.9  

2028  -     1,400.1   1,685.1   3,085.2  

2029  -     1,507.6   1,822.3   3,329.9  

2030  (2,019.1)  1,635.9   1,969.7   1,586.5  

2031  (220.6)  1,773.1   2,128.3   3,680.9  

2032  254.3   1,938.0   2,298.8   4,491.2  

2033  -     2,107.5   2,482.2   4,589.6  

2034  -     2,221.9   2,679.3   4,901.2  

2035  -     2,405.0   2,891.3   5,296.3  

2036  (817.5)  2,612.0   3,119.3   4,913.8  

2037  -     2,836.1   3,364.4   6,200.6  

2038  -     3,067.3   3,628.0   6,695.3  

2039  -     3,316.5   3,911.5   7,227.9  

2040  -     3,585.8   4,216.2   7,802.0  

2041  -     3,876.8   4,542.9   8,419.7  

  -     4,191.4   (66.8)  4,124.6  

  

  

FIRR 10.01% 

  

  

FNPV (NZD 000s) 15,500.1  
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A.3.4 Project risks and sensitivity analysis 

The technological risk is minimal as the BESS technologies proposed are mature and well established.  
The entire population is connected to the grid and there is no risk from not connecting to the system 
due to affordability or any other issue.  Interviews with the island administration reveals that there is 
a perception that shipping costs to the island will increase due to reduced fuel shipments resulting in 
the cost of consumer items increasing.  

A sensitivity analysis was carried out to assess the change in financial viability as a result of adverse 
changes.  The results are summarized in the table below and indicate that the result is resilient to 
changes in key variables. 

Table A.3: Results of the sensitivity analysis 

 

Scenario FIRR (%) BESS 
only 

FIRR (%) 
Combined 

Base Case 9.6% 10.0% 

10% increase in capital costs 9.2% 9.1% 

10% reduction in solar generation 8.8% 9.1% 

10% increase in O&M 9.5% 9.8% 

10% reduction in diesel price 8.6% 9.2% 
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B Economic analysis 

The Cook Islands is a South Pacific island country with a total population25 of around 18,600 spread 
across fifteen islands. Rarotonga with over 70% of the population is the largest and capital island. The 
Cook Islands is a small open economy with a high gross domestic product (GDP) per capita of 
NZ$20,42526. It boasts one of the best-performing economies in the Pacific islands. However, the 
economy remains heavily reliant on tourism, which accounts for approximately 60% of revenues, and 
on infrastructure development. There are around 123,000 annual visitor arrivals. Arrivals from 
Australia - the largest source market - declined by 9.0% in 2015, likely because of rising costs as the 
Australian dollar depreciated against the New Zealand dollar, which the Cook Islands uses as its 
currency. Agriculture, fishing, fruit processing, clothing and handicrafts are the remaining economic 
activities. About 75% of outer island households engage in fishing, mostly for their own use, 
compared to 29% in Rarotonga27. 

GDP is projected to contract by 0.3%28 in FY2016 as large public investment projects come to an end 
(such as the Te Mato Vai Water Project). The economy grew by 2.1% in FY2015 after it declined by 
1.2% in FY2014. Large capital expenditures continue to drive the government’s expansionary fiscal 
policies, with budget deficits of 7.3% of GDP in FY2015 that is going to decrease slightly to 7.1% in 
FY2016. Net public sector debt is around 22% of GDP and is well below the 35% of GDP target. 
Inflation forecast for FY2016 remains unchanged given global price trends and the absence of any 
new tax proposals or major change in government expenditures. 

The Cook Islands is vulnerable to natural disasters and climate change conditions. This, combined 
with the lack of economic diversity, is a key obstacle to economic growth. Labor market constraints 
also present major limitations on the growth that is worsened by continued reduction in resident 
population.  

Electricity costs in the Cook Islands are among the highest in the Pacific29. Volatile diesel fuel prices 
and heavy reliance on imported diesel fuel for power generation significantly affects the economy 
and the living standards of the population30. Fuel imports account for 25% of the total import bill and 
56% of this accounts for Diesel fuel for power generation in 201231. Current long-term price forecasts 
indicate that oil prices will increase by an average 7.6% per annum until 202532.  

Replacing conventional diesel-based power generation with generation based on renewable energy 
sources will reduce the production cost of electricity and the import bill of diesel, and will contribute 
to sustainable social and economic development. The Cook Islands is endowed with potential 
renewable energy sources, especially solar energy thanks to global horizontal irradiation of around 
1,900 kilowatt-hours per square meter per year. 

                                                                    
25 Including resident and non-resident (tourist) population.  
26 Country Operations Business Plan, 2016-2018. ADB. 
27 International Renewable Energy Agency, 2013. 
28 Asian Development Outlook 2015.  
29 Tariff is 0.77 NZD/kWh (Domestic consumption from 61-300 kWh/month) after reduction on July 1, 2015. 
30 Fuel imports accounted for around 9.4% of GDP in 2012 (NZ$34.6m/NZ$370m). MFEM data, 

http://www.mfem.gov.ck/statistics 
31 ADB PPTA, January 2014. 
32 World Bank Commodity Price Forecast (real), Jan 20, 2016. 

http://www.adb.org/publications/asian-development-outlook-2015-financing-asias-future-growth
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The proposed subproject 33 within the Renewable Energy Sector Project will support the 
implementation of the Cook Islands Renewable Energy Chart34 (CIREC), which sets a target of 
supplying 50% of inhabited islands with power from renewable sources by 2015, and 100% of the 
inhabited islands by 2020. The proposed subproject includes installation of battery energy storage 
system (BESS) for Rarotonga and enabling utilisation of additional 2MW solar PV to be included in 
this economic analysis.  

The purpose of this economic analysis is to establish economic viability of the subproject and it was 
carried out in accordance with the Asian Development Bank’s (ADB) Guidelines for the Economic 
Analysis of Projects35. All costs and benefits are expressed in end of 2015 prices. Cost streams used 
for calculating the economic internal rate of return (EIRR) include costs of the hardware and 
electrical works needed for the installation and integration of BESS in the TAU’s electrical grid, and 
annual and periodic operation and maintenance (O&M) expenditures, including replacement of 
parts. The main economic benefits include reduction in diesel fuel consumption resulting from 
increased usage of solar photovoltaic generation and reduction of carbon emissions. 

The impact of the Project will be increased energy security in an environmentally sustainable 
manner. The outcome will be increased access to a higher share of electricity generated by 
renewable energy sources.  

Long term electricity load on Rarotonga is estimated on the basis of generation data. Since about 
2011, generation includes both generation at the power station, and increasing generation from 
distributed renewable generation. Power station generation is estimated from TAU generation data, 
published by MFEM. Distributed generation is estimated on the basis of installed capacity data 
(supplied by TAU), to which a typical capacity factor, accounting for typical losses, is applied to 
estimate energy generation. The resulting combined generation data, including trendline and 
confidence intervals, are shown in the table below. This generation estimate and forecast is aligned 
with the CIRECIP (2016 draft). 

 

                                                                    
33 To be financed under Global Environment Facility (GEF) funding. 
34

 Ministry of Finance and Economic Management. 2011. Cook Islands Renewable Energy Chart. Rarotonga. 
35 ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 
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B.1 Economic costs 

Border (International) price numeraire was used for economic costing. Traded goods and services to 
be imported for the project implementation are assumed to reflect economic prices. The non-traded 
goods and services and unskilled labor are adjusted (multiplied) by a conversion factor (CF). CF is 
calculated based on a shadow exchange rate factor (SERF) of 1.1536 as CF=1/SERF=0.87. Unskilled 
labor costs are, in addition, adjusted (multiplied) by a shadow wage rate factor (SWRF) of 0.954.  

The financial capital costs were converted to economic costs after excluding taxes, subsidies, and 
price contingencies, then applying the CF/SERF and SWRF. Taxes and duties on capital and 
operational expenditure for the renewable subprojects are exempted by the government. The 
economic analysis was conducted for a project life of 25 years plus the project implementation 
period of two years. The residual value at the end of the project life is assumed to be small 
(remaining life of batteries and converters). An economic discount rate of 12% per annum is assumed 
according to the ADB’s threshold.  

The capital costs of the project include costs related to: purchase and instalment of BESS 
1MW/4MWh; development of technical standards for curtailment system, and power station 
hardware, and SCADA integration; transformer and cables, other associated costs and physical 
contingency. Also, cost of additional 2MW solar PV is included in this economic analysis. These costs 
occur primarily during the construction period in the second year of the project. 

Economic Project costs were estimated as shown in the following table. 

                                                                    
36 Used in 2014 ADB PPTA study.  
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Table B.1: Rarotonga subproject costs 

Project cost items Financial cost Economic cost 

System components   

BESS 1 MW, 4MWh 6,021,502 5,929,870 

Development of technical standards for curtailment 
system, and power station hardware, and SCADA 
integration 

100,000 64,946 

Land 0 0 

Transformer and cables 70,000 68,783 

Total 6,191,502 6,063,599 

Outlay in 2016 619,150 606,360 

Outlay in 2017 5,572,352 5,457,239 

Additional cost of 2 MW solar PV (in 2017) 5,000,000 4,520,013 

O&M costs   

Annual maintenance cost for BESS 16,808 12,496 

Annual maintenance for Solar PV 50,000 37,174 

Component replacement cost   

Battery cells 2,019,081 1,988,356 

The operation and maintenance (O&M) costs, assumed to remain constant in real terms, comprise 
costs for maintenance for BESS and solar PV (including factored in costs for inverters). Replacement 
costs for batteries (every 13 years) are included as separately. These O&M costs occur throughout 
the operational life of the project, which is 25 years.  

B.1.1 Sustainability 

Additional measures and costs related to sustainability are included in the costs. For proper 
operation and maintenance and sustainability of the BESS and new photovoltaic system to be 
implemented it is important to give to the local staff the appropriate knowledge and training so that 
the responsible people know how to keep the system fully operational and could be ready to face 
eventual faults.  

B.2 Economic benefits  

The economic benefits of the subproject were estimated on the assumption that more of solar 
photovoltaic power generation will be able to substitute current diesel generation due to the BESS.  

There is a significant amount of renewable generation already in the grid on Rarotonga; most of it 
small-scale distributed solar photovoltaic (PV) systems (e.g. domestic rooftop and small independent 
power producers (IPPs)), but also including a 1 MW solar PV at the airport. The PVs provide about 
13% of electricity. Stability limitations mean that further installation of renewable generation will 
soon be limited. Disrupting the rollout of renewable generation will impact on the ability to achieve 
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the Cook Islands policy targets, as well as impacting local businesses, employment, and broader 
stakeholder confidence in delivery of the renewable energy policy. To go beyond these grid stability 
limits requires BESS and related technical and commercial changes in the operation of the grid and 
interaction with IPPs. These need to be carefully planned out in accordance with the Cook Islands 
Renewable Energy Chart Implementation Plan (CIRECIP). 

Although solar power tends to create some incremental demand due to decrease of economic and 
running costs, demand to the Project is considered to be mainly non-incremental as the diesel 
generation replacement is relatively small compared to the overall generation in Rarotonga (i.e. 
around 8.5%37).  

The main Project benefits are: (i) reduction in diesel fuel consumption resulting from increased usage 
of solar photovoltaic generation (ii) carbon benefits due to reduced emissions from diesel 
generation, (iii) reliability of power supply due to less dependence from imported diesel fuel; and 
also (iv) potential impact of the project on ecotourism due to cleaner environment.;  

Baseline economic benefits of energy consumption will be the same in both with- and without-
Project cases, so that benefits of energy consumption do not contribute to the net benefit.  

Also, there may be loss reduction due to the distribution system upgrade. However, these benefits of 
loss reduction are not included in the Project benefits since that could also happen in without-Project 
case. 

The benefits need to be adjusted (multiplied) by a conversion factor for non-traded parts as Border 
(International) price numeraire was used for economic costing. However, the main benefits of the 
project are measured in fuel and carbon values that are traded benefits, and thus they are not 
adjusted. The main benefits were estimated as follows. 

B.2.1 Fuel saving benefit 

Diesel fuel cost in Rarotonga is defined by the TAU’s fuel purchase price. As TAU could not provide 
Entura with pricing of their recent tendered cost of fuel due to commercial sensitivity, the fuel prices 
were estimated based on data collected on total annual fuel costs and total annual fuel 
consumptions for Aitutaki assuming that Aitutaki arrives via same process as TAU. The average price 
for the past 12 months was 1.03 NZD/litre. The fuel prices include transport cost and exclude 
customs duty of $0.22/litre.  

The diesel price fluctuates with the changes in the global fuel prices. The fuel price decreased in the 
past years. However, recently the price of crude oil has been gaining momentum that is expected to 
continue with Dated Brent standing at USD 39 per barrel as at 24 March 201638. The estimated 
economic price of diesel fuel was escalated for the future years based on the World Bank real fuel 
price projections39. 

Diesel saving benefit was calculated based on the fuel cost multiplied by the amount of fuel saved. 
The fuel saving is an output of the Entura modelling, calculated as the difference, modelled on an 
annual basis, between the diesel fuel consumption for electricity generation with and without the 
subproject. The model is a whole of system model, capturing the combined effects of renewable 
generation, storage, excess energy, diesel generation, and system losses, and hence the difference in 

                                                                    
37 Diesel generation savings is around 2.2 GWh and total generation in Rarotonga is around 26 GWh.  
38

 Secretariat of the Pacific Community (SPC), 25 May 2015. 
39 http://www.worldbank.org/prospects/commodities  

http://www.worldbank.org/prospects/commodities
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fuel consumption under the two scenarios (with and without) fully captures the expected fuel savings 
benefits.  

B.2.2 Social benefits of carbon reduction  

There will be substantial reduction of carbon emissions. The respective benefit is estimated by 
economic costs of carbon emissions. The economic cost of carbon is much higher than the existing 
carbon markets prices40 due to their inefficiency. Ideally, the carbon price should equal the social 
cost. United States Environmental Protection Agency estimated the social costs of carbon emissions 
based on various discount rates arriving at four different values from 11 USD/ton to 105 USD/ton41. 
Stanford University estimated that the economic damage of carbon dioxide emissions is roughly on 
the order of 220 USD per ton42. For the purpose of this economic analysis, average of those five 
different estimates including the estimate of economic damage by Stanford University, was used, i.e. 
85.6 USD/ton (or 125.8 NZD/ton at exchange rate of 1.47 NZD/USD at mid-March 2016). 

B.2.3 Environmental costs 

As discussed there will be major environmental benefits from carbon emission reductions. However, 
there will be also Project related environmental costs, but they are relatively minor and included in 
capital cost as indicated in the following table.  

Table B.2: Environmental costs related to the Rarotonga Solar Project 

Erosion control Minor – standard mitigation 
measures to be included in 
civil works 

Included in capital 
cost, as part of PV 
Installation cost. 

Vegetation clearing Minor – no significant species, 
small area cleared. Disposal of 
vegetation undetermined but 
unlikely to be significant 

Included in PV capital 
cost. 

Hazardous waste (recycling 
batteries, inverters etc.) 

Minor – waste must be 
removed from island 

Minor 

Environmental Management 
Plans 

Minor – contractors required 
to prepare CEMP 

Included in capital 
cost, as part of 
Installation cost. 

B.2.4 Incremental demand 

Project power will be mainly non-incremental since the Project will be enabling replacement (partial) 
of the existing diesel generation by solar generation. The existing diesel generator will be used to 
meet the remaining portion of the demand. However, as mentioned above, Project’s additional solar 
power generation will create some incremental demand due to electricity cost decrease. The 
electricity cost decrease was estimated as difference between the levelised costs of electricity (LCOE) 

                                                                    
40 Various carbon taxes exist in different countries (India, Japan, South Korea, Denmark, Finland, France, Sweden, the 
United Kingdom, Norway, Switzerland, parts of Canada, and parts of the United States). Some global trading schemes are 
charging about 15 USD per ton of emission. 
41

 www3.epa.gov/climatechange/EPAactivities/economics/scc.html 
42 http://news.stanford.edu/news/2015/january/emissions-social-costs-011215.html 
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before and after the Project. The price elasticity was taken as 0.43.43 This resulted in annual 
incremental demand of 0.19 GWh as shown in the following table.  

Table B.3: Estimation of the incremental demand 

Current base generation, GWh/year  26.5 

Additional Solar energy, GWh/year  0.30 

Cost of electricity before Project (average tariff), NZD/kWh 0.725 

Cost of electricity after Project, NZD/kWh 0.713 

Cost reduction, NZD/kWh 0.012 

Price elasticity  0.43 

Incremental demand growth (0.012/0.725 x 0.43), % 0.7% 

Incremental demand, GWh 0.19 

Incremental demand is defined as additional demand due to reduction of electricity cost and 
calculated as: Demand x Price change/Price x Price elasticity. 

B.2.5 Additional Solar Power 

In addition to enabling of more diesel replacement by solar, Project will also have additional solar 
power due to technical nature of solar generation (when there is excess power more than the load 
and the ability to store energy in the BESS), estimated at 0.3 GWh44 (or around 822kWh/day ). This 
additional solar power (otherwise curtailed) could potentially be utilized to meet the estimated 
above incremental demand of 0.19 GWh. However, it was also estimated that the additional solar 
power could be consumed if its price is reduced only by 2.6%45 compared to current tariff.  
Such excess energy is a frequent occurrence in grids with high renewable penetration, and 
applications have evolved to take advantage of this energy. Typical applications include: electric 
vehicles, including cars46 and bikes (several electric bikes and electric tourist vehicles have recently 
been acquired and are now in use on Rarotonga), water pumping pools on a few major resorts (a 
significant load source, particularly in larger resorts), hot water heating, etc. Utilisation of excess 
energy has been included as part of the Implementation Plan for Rarotonga, through the CIRECIP. 
The GCI and TAU have commitments in the CIRECIP to utilise several strategies to take advantage of 
excess renewable energy at peak generation times. This includes the use of time-of-use, or interval 
metering to set reduced tariffs during the middle of the day to encourage users to modify their 
electricity use to take advantage of this. The CIREICP also includes integration of remote 
communications and automated systems for turning schedulable loads on and off when excess 
generation is available is possible. This technology, termed demand response, is mature and a 
number of implementation examples exist47. 

                                                                    
43 Estimated by ADB PPTA study in 2014.  
44 That is 414 MWh of excess energy after Project minus 117 GWh of excess energy before Project, based on Entura 
modeling. These numbers are for the year 2018 when the project is to commence. 
45 i.e. (Additional solar 0.3GWh / Base generation 26.5GWh) : Price elasticity 0.43 = 2.6%;  
46 E.g. a Tesla Model S60 is rated at consumption of 35 kWh per 100 miles. www.pluginamerica.org/drivers-seat/how-

much-does-it-cost-charge-electric-car 

47 See, for example, the King Island Renewable Energy Integration Project 
(http://www.kingislandrenewableenergy.com.au/)  

http://www.kingislandrenewableenergy.com.au/
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The economic value of the excess solar is included as an economic benefit in the project at the same 
rate as fuel savings benefits (fuel cost multiplied by the amount of fuel saved). To be on the 
conservative side, it was assumed that this additional solar power will be used up gradually during 
five years (20% in the first year, 40% in the second year, etc.)  

B.2.6 Other benefits (unquantified) 

Renewable energy technologies can strengthen sustainable development and marketing strategies in 
the island tourism sector, and increase number of “ecotourists” who willingly pay a little extra to 
enjoy the more sustainable lifestyle, according to a study done by International Renewable Energy 
Agency (IREA). Also, the benefits of reliability of power supply due to less dependence from imported 
diesel fuel were not quantified considering that they are relatively small compared to the main 
benefits. Other unquantified benefits also include the reduction in disposal costs of used oil and oil 
filters, and reduced diesel smoke and noise pollution for neighbours. 

B.3 Results of Economic Evaluation 

Overall economic effect (net benefits) of the project was evaluated by calculating Economic Internal 
Rate of Return (EIRR). Project life span was taken 25 years with small residual values assumed in the 
final year for inverters and batteries calculated pro rata after the last replacement. 

The modelling was based on spreadsheets that cover the project life span period starting from base 
year, a summary of which is given in the following table. In the spread sheet models NPV values are 
expressed in millions of NZD at the base year.  
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Table B.4: Results of economic analysis for Project (BESS) – Incremental costs and benefits (NZD ‘000) 

 Capital 
Cost 

O&M Fuel 
saving 

Additional 
Solar 

Carbon 
value 

Net Benefit 

2016 (606.4)         
         

(606.4) 

2017  (9,977.3)         
      

(9,977.3) 

2018  -   (49.7)  654  17.7   190.3            812.7  

2019  -   (49.7)  704  38.0   195.4            888.2  

2020  -   (49.7)  764  61.9   202.0            977.9  

2021  -   (49.7)  836  90.3   210.8         1,087.7  

2022  -   (49.7)  883  119.2   212.0         1,164.4  

2023  -   (49.7)  949  128.1   211.9         1,239.2  

2024  -   (49.7) 1,032  139.3   214.2         1,335.9  

2025  -   (49.7) 1,119  151.0   215.9         1,436.2  

2026  -   (49.7) 1,230  166.0   220.7         1,566.8  

2027  -   (49.7) 1,332  179.8   222.2         1,684.5  

2028  -   (49.7) 1,417  191.3   219.8         1,778.3  

2029  -   (49.7) 1,526  206.0   220.0         1,902.0  

2030  (1,988.4)  (49.7) 1,655  223.5   222.0              63.0  

2031  -   (49.7) 1,794  242.2   223.7         2,210.6  

2032  -   (49.7) 1,961  264.8   227.3         2,403.7  

2033  -   (49.7) 2,133  287.9   229.9         2,600.8  

2034  -   (49.7) 2,249  303.6   225.3         2,727.7  

2035  -   (49.7) 2,434  328.6   226.7         2,939.5  

2036  -   (49.7) 2,643  356.8   229.0         3,179.5  

2037  -   (49.7) 2,870  387.5   231.2         3,439.1  

2038  -   (49.7) 3,104  419.0   232.4         3,705.9  

2039  -   (49.7) 3,356  453.1   233.7         3,993.3  

2040  -   (49.7) 3,629  489.9   234.9         4,303.9  

2041  -   (49.7) 3,923  529.6   236.1         4,639.4  

2042  -   (49.7) 4,242  572.6   237.3         5,002.0  
       

  
   

EIRR  13.1% 

  
   

ENPV, NZD'000 933  

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value. 

This economic analysis resulted in an EIRR of 13.0% for the Base Case scenario of the proposed 
investment. The EIRR is higher than the Economic opportunity cost of capital EOCC, assumed at 12%, 
so the Project is economically viable.  

B.4 Sensitivity Analysis  

Sensitivity analysis reflects the vulnerability of the project to external economic and financial shocks 
over which the project has no control. A sensitivity analysis was done for the following scenarios:  

 Increase in Capital Costs by 10%;  

 Reduction in Generation (Solar resource) by 10%; 

 Increase in O&M costs by 10%;  

 Drop in diesel prices by 10%  
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The results of the sensitivity analysis are shown in the following table.  

Table B.5: Results of the sensitivity analysis 

  Base 
Case 

Reduction 
in fuel 
savings 

Increase 
in 
capital 
costs 

Increase 
in O&M 
costs 

Drop 
in Fuel 
Price 

EIRR 13.1% 12.6% 12.1% 12.5% 11.5% 

NPV, NZD ‘000s  933   529   47   407   (362) 

The Project viability is most sensitive to reduction in fuel price and then to increase in capital costs. 
The EIRR is above 12% in all cases except in “Drop in fuel price” case (11.5%). Considering other 
unquantified benefits the Project is considered economically viable and resilient to adverse impacts.  

B.5 Economic Analysis of the Project jointly with Aitu and Mangaia, Mauke, and 
Mitiaro  

For the purpose of the joint economic analysis of the GEF Project, the economic analysis completed 
in 2015 for the Aitu solar PV subproject and also the economic analysis completed in 2014 for the 
solar PV subprojects in Mangaia, Mauke, and Mitiaro were updated. Most importantly, current and 
projected fuel prices were changed in the past years and updated as major factors impacting the 
economic viability of the subprojects. The current economic cost of fuel was reduced based on 
reduced diesel purchase prices in March 2016. On the other side, expected rate of increase of the 
future fuel prices was increased based on the recent World Bank Commodity Price Forecast (20 
January, 2016).  

B.5.1 Updated economic analysis for Aitu 

The updated EIRR for Aitu has changed slightly – from 13.85% to 13.86%; the economic NPV changed 
from NZD 516,000 to NZD 575,00048. The detailed results of the updated economic analysis for Aitu 
are shown in the following tables (Table 6 and 7). 

                                                                    

48 Rounded. 
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Table B.6: Results of economic analysis for Atiu – without project (NZD ‘000 

      O&M   

  Capital Cost Fuel Personnel Net Costs 

2016  -   (238.0)  (35.2)  (273.2) 

2017  -   (256.0)  (35.2)  (291.2) 

2018  -   (275.3)  (35.2)  (310.5) 

2019  -   (296.2)  (35.2)  (331.4) 

2020  -   (318.5)  (35.2)  (353.8) 

2021  -   (342.6)  (35.2)  (377.9) 

2022  (254.3)  (368.6)  (35.2)  (658.1) 

2023  -   (396.4)  (35.2)  (431.6) 

2024  -   (426.4)  (35.2)  (461.6) 

2025  -   (458.7)  (35.2)  (493.9) 

2026  -   (493.3)  (35.2)  (528.6) 

2027  -   (530.7)  (35.2)  (565.9) 

2028  -   (570.8)  (35.2)  (606.0) 

2029  -   (613.9)  (35.2)  (649.2) 

2030  -   (660.4)  (35.2)  (695.6) 

2031  -   (710.3)  (35.2)  (745.5) 

2032  (254.3)  (764.0)  (35.2)  (1,053.6) 

2033  -   (821.8)  (35.2)  (857.0) 

2034  -   (884.0)  (35.2)  (919.2) 

2035  -   (950.8)  (35.2)  (986.0) 

2036  -   (1,022.7)  (35.2)  (1,057.9) 

2037  -   (1,100.1)  (35.2)  (1,135.3) 

2038  -   (1,183.3)  (35.2)  (1,218.5) 

2039  -   (1,272.8)  (35.2)  (1,308.0) 

2040  -   (1,369.0)  (35.2)  (1,404.2) 

2041  -   (1,472.6)  (35.2)  (1,507.8) 

2042  -   (1,583.9)  (35.2)  (1,619.1) 
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Note: Economic benefits of energy consumption will be the same in both with- and without-Project, so it is not 
calculated and include. 

Table B.7: Results of economic analysis for Atiu – with project (NZD ‘000) 

  
Capital 
Cost Fuel Personnel 

Carbon 
value 

Additional 
solar Ecotourism Net Costs 

2016  (2,625.0)  (237.9)  (35.2)  -  - 
 

 (2,898.12) 

2017  (1,125.0)  (12.8)  (35.2)  9.4   45.0   -  (1,118.65) 

2018  -  (14.0)  (35.2)  9.4   45.0   17.5   22.65  

2019  -  (15.3)  (35.2)  9.4   45.0   35.0   38.85  

2020  -  (16.7)  (35.2)  9.4   45.0   52.5   54.93  

2021  -  (18.2)  (35.2)  9.4   45.0   70.0   70.89  

2022  -  (19.9)  (35.2)  9.4   45.0   70.0   69.21  

2023  -  (21.7)  (35.2)  9.3   45.0   70.0   67.38  

2024  -  (23.7)  (35.2)  9.3   45.0   70.0   65.39  

2025  -  (25.8)  (35.2)  9.3   45.0   70.0   63.23  

2026  (629.4)  (28.2)  (35.2)  9.3   45.0   70.0   (568.52) 

2027 
 

 (30.7)  (35.2)  9.3   45.0   70.0   58.31  

2028  -  (33.5)  (35.2)  9.3   45.0   70.0   55.52  

2029  -  (36.6)  (35.2)  9.3   45.0   70.0   52.49  

2030  -  (39.8)  (35.2)  9.3   45.0   70.0   49.19  

2031  (206.7)  (43.4)  (35.2)  9.3   45.0   70.0   (161.11) 

2032 
 

 (47.3)  (35.2)  9.3   45.0   70.0   41.71  

2033  -  (51.5)  (35.2)  9.3   45.0   70.0   37.47  

2034  -  (56.1)  (35.2)  9.3   45.0   70.0   32.86  

2035  -  (61.1)  (35.2)  9.2   45.0   70.0   27.86  

2036  (464.1)  (66.6)  (35.2)  9.2   45.0   70.0   (441.71) 

2037 
 

 (72.5)  (35.2)  9.2   45.0   70.0   16.50  

2038  -  (78.9)  (35.2)  9.2   45.0   70.0   10.07  

2039  -  (85.9)  (35.2)  9.2   45.0   70.0   3.08  

2040  -  (93.5)  (35.2)  9.2   45.0   70.0   (4.51) 

2041  -  (102.9)  (35.2)  9.2   45.0   70.0   (13.94) 

2042  300.3   (110.6)  (35.2)  9.2   45.0   70.0   278.57  
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Note: Economic benefits of energy consumption will be the same in both with- and without-Project, so it is not 
calculated and included. 
 

Table B.8: Results of economic analysis for Atiu – Incremental (NZD ‘000) 

  
Capital 
Cost O&M 

Fuel 
saving 

Additional 
solar 

Carbon 
value Ecotourism Net benefit 

2016 (2,625.0) -   -  -  -   -   (2,624.97) 

2017 (1,125.0) -   243.2  45.1   9.4   -  (827.29) 

2018 -  -   261.3  45.1   9.4   17.5   333.36  

2019 -  -   280.9  45.1   9.4   35.0   370.38  

2020 -  -   301.9  45.1   9.4   52.5   408.86  

2021 -  -   324.4  45.1   9.4   70.0   448.91  

2022 254.3  -   348.7  45.1   9.4   70.0   727.44  

2023 -  -   374.7  45.1   9.3   70.0   499.18  

2024 -  -   402.7  45.1   9.3   70.0   527.17  

2025 -  -   432.8  45.1   9.3   70.0   557.25  

2026  (629.4) -   465.1  45.1   9.3   70.0  (39.81) 

2027 -  -   499.9  45.1   9.3   70.0   624.32  

2028 -  -   537.2  45.1   9.3   70.0   661.66  

2029 -  -   577.4  45.1   9.3   70.0   701.79  

2030 -  -   620.5  45.1   9.3   70.0   744.92  

2031  (206.7) -   666.9  45.1   9.3   70.0   584.55  

2032 254.3  -   716.7  45.1   9.3   70.0  1,095.38  

2033 -  -   770.2  45.1   9.3   70.0   894.61  

2034 -  -   827.8  45.1   9.3   70.0   952.15  

2035 -  -   889.6  45.1   9.2   70.0  1,013.98  

2036  (464.1) -   956.1  45.1   9.2   70.0   616.31  

2037 -  -  1,027.5  45.1   9.2   70.0  1,151.85  

2038 -  -  1,104.2  45.1   9.2   70.0  1,228.60  

2039 -  -  1,186.7  45.1   9.2   70.0  1,311.08  

2040 -  -  1,275.4  45.1   9.2   70.0  1,399.73  

2041 -  -  1,369.5  45.1   9.2   70.0  1,493.81  

2042 300.3  -  1,473.0  45.1   9.2   70.0  1,897.66  
 

            EIRR  13.86% 
     ENPV, NZD'000 575.1 
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B.5.2 Updated economic analysis for Mangaia, Mauke, and Mitiaro 

The updated EIRR has changed from 13.7% to 13.4%; the economic NPV changed from NZD 0.76 
million to NZD 1.07 million. The detailed results of the updated economic analysis for Mangaia, 
Mauke, and Mitiaro are shown in the following tables (Table 8 and 9). 

Table B.9: Results of economic analysis for Mangaia, Mauke, and Mitiaro – without project (NZD 
‘000) 

 
Capital Cost Fuel Personnel Net Costs 

2016  -  (716.5)  (260.0)  (976.5) 

2017  -  (770.7)  (260.0)  (1,030.7) 

2018  -  (829.0)  (260.0)  (1,089.0) 

2019  -  (891.7)  (260.0)  (1,151.7) 

2020  -  (959.1)  (260.0)  (1,219.1) 

2021  -  (1,031.7)  (260.0)  (1,291.7) 

2022  -  (1,109.7)  (260.0)  (1,369.7) 

2023  -  (1,193.6)  (260.0)  (1,453.6) 

2024  -  (1,283.9)  (260.0)  (1,543.9) 

2025  -  (1,381.0)  (260.0)  (1,641.0) 

2026  -  (1,485.4)  (260.0)  (1,745.4) 

2027  -  (1,597.8)  (260.0)  (1,857.8) 

2028  -  (1,718.6)  (260.0)  (1,978.6) 

2029  -  (1,848.6)  (260.0)  (2,108.6) 

2030  -  (1,988.4)  (260.0)  (2,248.4) 

2031  -  (2,138.8)  (260.0)  (2,398.8) 

2032  -  (2,300.5)  (260.0)  (2,560.5) 

2033  -  (2,474.5)  (260.0)  (2,734.5) 

2034  -  (2,661.6)  (260.0)  (2,921.6) 

2035  -  (2,862.9)  (260.0)  (3,122.9) 

2036  -  (3,079.4)  (260.0)  (3,339.4) 

2037  -  (3,312.3)  (260.0)  (3,572.3) 

2038  -  (3,562.8)  (260.0)  (3,822.8) 

2039  -  (3,832.3)  (260.0)  (4,092.3) 

2040  -  (4,122.1)  (260.0)  (4,382.1) 

2041  -  (4,433.8)  (260.0)  (4,693.8) 

2042  -  (4,769.1)  (260.0)  (5,029.1) 
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Table B.10: Results of economic analysis for Mangaia, Mauke, and Mitiaro – with project (NZD ‘000) 

  
Capital 
Cost Fuel Personnel 

Carbon 
value Ecotourism Net Costs 

2016  (6,239.0)  (716.5)  (260.0)  -  
 

 (7,215.54) 

2017  (2,673.9)  (140.0)  (260.0)  21.6   -   (3,052.25) 

2018  -  (150.5)  (260.0)  21.6   17.5   (371.47) 

2019  -  (161.9)  (260.0)  21.6   35.0   (365.36) 

2020  -  (174.2)  (260.0)  21.6   52.5   (360.11) 

2021  -  (187.4)  (260.0)  21.6   70.0   (355.78) 

2022  -  (201.5)  (260.0)  21.6   70.0   (369.95) 

2023  -  (216.8)  (260.0)  21.6   70.0   (385.19) 

2024  -  (233.2)  (260.0)  21.6   70.0   (401.58) 

2025  -  (250.8)  (260.0)  21.6   70.0   (419.21) 

2026  -  (269.8)  (260.0)  21.6   70.0   (438.18) 

2027 
 

 (290.2)  (260.0)  21.6   70.0   (458.58) 

2028  -  (312.1)  (260.0)  21.6   70.0   (480.52) 

2029  -  (335.7)  (260.0)  21.6   70.0   (504.13) 

2030  -  (361.1)  (260.0)  21.6   70.0   (529.52) 

2031  -  (388.4)  (260.0)  21.6   70.0   (556.82) 

2032 
 

 (417.8)  (260.0)  21.6   70.0   (586.20) 

2033  -  (449.4)  (260.0)  21.6   70.0   (617.79) 

2034  -  (483.4)  (260.0)  21.6   70.0   (651.78) 

2035  -  (519.9)  (260.0)  21.6   70.0   (688.33) 

2036  -  (559.2)  (260.0)  21.6   70.0   (727.65) 

2037 
 

 (601.5)  (260.0)  21.6   70.0   (769.94) 

2038  -  (647.0)  (260.0)  21.6   70.0   (815.43) 

2039  -  (695.9)  (260.0)  21.6   70.0   (864.36) 

2040  -  (748.6)  (260.0)  21.6   70.0   (917.00) 

2041  -  (805.2)  (260.0)  21.6   70.0   (973.61) 

2042  -  (866.1)  (260.0)  21.6   70.0   (1,034.50) 
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Table B.11: Results of economic analysis for Mangaia, Mauke, and Mitiaro – incremental (NZD ‘000) 

  
Capital 
Cost O&M 

Fuel 
saving 

Additional 
solar 

Carbon 
value Ecotourism Net benefit 

2016 (6,239.0) -  -  -  -   -   (6,239.00) 

2017 (2,673.9) -  630.8  -   21.6   -   (2,021.52) 

2018 -  -  678.5  -   21.6   17.5   717.54  

2019 -  -  729.8  -   21.6   35.0   786.35  

2020 -  -  785.0  -   21.6   52.5   859.04  

2021 -  -  844.3  -   21.6   70.0   935.90  

2022 -  -  908.2  -   21.6   70.0   999.75  

2023 -  -  976.9  -   21.6   70.0  1,068.44  

2024 -  -   1,050.7  -   21.6   70.0  1,142.32  

2025 -  -   1,130.2  -   21.6   70.0  1,221.78  

2026 -  -   1,215.7  -   21.6   70.0  1,307.25  

2027 -  -   1,307.6  -   21.6   70.0  1,399.19  

2028 -  -   1,406.5  -   21.6   70.0  1,498.08  

2029 -  -   1,512.9  -   21.6   70.0  1,604.45  

2030 -  -   1,627.3  -   21.6   70.0  1,718.87  

2031 -  -   1,750.4  -   21.6   70.0  1,841.93  

2032 -  -   1,882.7  -   21.6   70.0  1,974.31  

2033 -  -   2,025.1  -   21.6   70.0  2,116.69  

2034 -  -   2,178.3  -   21.6   70.0  2,269.85  

2035 -  -   2,343.0  -   21.6   70.0  2,434.58  

2036 -  -   2,520.2  -   21.6   70.0  2,611.78  

2037 -  -   2,710.8  -   21.6   70.0  2,802.37  

2038 -  -   2,915.8  -   21.6   70.0  3,007.38  

2039 -  -   3,136.3  -   21.6   70.0  3,227.90  

2040 -  -   3,373.5  -   21.6   70.0  3,465.09  

2041 -  -   3,628.6  -   21.6   70.0  3,720.22  

2042 -  -   3,903.1  -   21.6   70.0  3,994.64  
              
 

    

EIRR 

 
 13.4% 

 
        

ENPV, NZD ‘000  
 1,073.3 
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B.5.3 Economic analysis for Project combined with updated results for Atiu, Mangaia, Mauke, 
Mitiaro 

Table B.12: Results of overall economic analysis of the Project jointly with Aitu, Mangaia, Mauke, and 
Mitiaro – Incremental net benefits by project (NZD ‘000) 

Year Net benefit 
Atiu 

Net benefit  
3Ms 

Net benefit 
BESS 

Overall  
Net benefit 

2016  (2,625)  (6,239) (606.4) (9,470) 

2017  (827)  (2,022) (9,977.3) (12,826) 

2018  333   718  812.7 1,864 

2019  370   786  888.2 2,045 

2020  409   859  977.9 2,246 

2021  449   936  1,087.7 2,472 

2022  727   1,000  1,164.4 2,892 

2023  499   1,068  1,239.2 2,807 

2024  527   1,142  1,335.9 3,005 

2025  557   1,222  1,436.2 3,215 

2026  (40)  1,307  1,566.8 2,834 

2027  624   1,399  1,684.5 3,708 

2028  662   1,498  1,778.3 3,938 

2029  702   1,604  1,902.0 4,208 

2030  745   1,719  63.0 2,527 

2031  585   1,842  2,210.6 4,637 

2032  1,095   1,974  2,403.7 5,473 

2033  895   2,117  2,600.8 5,612 

2034  952   2,270  2,727.7 5,950 

2035  1,014   2,435  2,939.5 6,388 

2036  616   2,612  3,179.5 6,408 

2037  1,152   2,802  3,439.1 7,393 

2038  1,229   3,007  3,705.9 7,942 

2039  1,311   3,228  3,993.3 8,532 

2040  1,400   3,465  4,303.9 9,169 

2041  1,494   3,720  4,639.4 9,853 

2042  1,898   3,995  5,002.0 10,894 
EIRR 13.9% 13.4% 13.1% 13.3% 
ENPV, NZD ‘000 575  1,073  933 2,581 

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value. 
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Table B.13: Results of overall economic analysis of the Project jointly with Aitu and Mangaia, Mauke, 
and Mitiaro – Incremental net benefits by source (NZD ‘000) 

  Capital Cost O&M 
Fuel 

saving 
Additional 

Solar 
Carbon 
value Ecotourism Net Benefit 

2016  (9,470.3) -  -   -  -   -   (9,470) 

2017  (13,776.1) -  873.9  45.1  31.0   -   (12,826) 

2018  -   (49.7)  1,594.2  62.8  221.2   35.0  1,864  

2019  -   (49.7)  1,715.1  83.2  226.4   70.0  2,045  

2020  -   (49.7)  1,850.5  107.0  233.0   105.0  2,246  

2021  -   (49.7)  2,004.9  135.4  241.8   140.0  2,472  

2022  254.3   (49.7)  2,139.7  164.3  242.9   140.0  2,892  

2023  -   (49.7)  2,300.5  173.2  242.8   140.0  2,807  

2024  -   (49.7)  2,485.4  184.5  245.1   140.0  3,005  

2025  -   (49.7)  2,681.9  196.2  246.8   140.0  3,215  

2026 (629.4)  (49.7)  2,910.6  211.2  251.6   140.0  2,834  

2027  -   (49.7)  3,139.6  225.0  253.1   140.0  3,708  

2028  -   (49.7)  3,360.6  236.4  250.7   140.0  3,938  

2029  -   (49.7)  3,615.9  251.1  250.9   140.0  4,208  

2030  (1,988.4)  (49.7)  3,903.3  268.6  252.9   140.0  2,527  

2031 (206.7)  (49.7)  4,211.6  287.4  254.6   140.0  4,637  

2032  254.3   (49.7)  4,560.7  309.9  258.2   140.0  5,473  

2033  -   (49.7)  4,928.1  333.1  260.7   140.0  5,612  

2034  -   (49.7)  5,254.6  348.7  256.1   140.0  5,950  

2035  -   (49.7)  5,666.4  373.7  257.6   140.0  6,388  

2036 (464.1)  (49.7)  6,119.6  402.0  259.8   140.0  6,408  

2037  -   (49.7)  6,608.4  432.6  262.0   140.0  7,393  

2038  -   (49.7)  7,124.1  464.2  263.2   140.0  7,942  

2039  -   (49.7)  7,679.3  498.2  264.5   140.0  8,532  

2040  -   (49.7)  8,277.7  535.0  265.7   140.0  9,169  

2041  -   (49.7)  8,921.4  574.8  266.9   140.0  9,853  

2042  300.3   (49.7)  9,617.8  617.8  268.1   140.0  10,894  

  
     

EIRR 13.3% 

  
     

ENPV 
(NZD'000) 2,581 

                

 

The overall combined EIRR is 13.3% that is higher than the EIRR of the Project (13.0%). The overall 
EIRR is above EOCC (12%) and thus, the overall combined investment is economically viable.  

The sensitivity of consolidated project is shown in the following table. This shows the consolidated 
project satisfying the EOCC under all scenarios. 
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Table B.14: Results of Sensitivity analysis for the Project jointly with Aitu and Mangaia, Mauke, and 
Mitiaro  

 Base Case Reduction 
in fuel 
savings 

Increase in 
capital 
costs 

Increase in O&M 
costs 

Drop in Fuel 
Price 

EIRR 13.3% 12.5% 12.3% 13.0% 12.1% 

NPV, NZD ‘000s         2,581             913             564                 1,808             134  
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C Solar PV array parameters 

C.1 Basic parameters 

Table C.1: Assumed solar PV technology and installation 

Parameter Distributed PV Airport PV Array New PV with 
project 

Orientation49 North North North 

Slope (deg) 15 15 15 

Rated power (MW, dc) 3.32 0.96 2.0 

Technology Fixed tilt, solar PV 
(typically mono or 
polycrystalline, but also 
including thin film) 

Fixed tilt, solar PV 
(multicrystalline) 

Fixed tilt, solar PV 
(mono or 
polycrystalline) 

Table C.2: Assumed solar PV array losses for modelling 

Parameter Distributed PV Airport PV Array New PV with 
project 

Irradiance (kWh/m2) 4.6 

Irradiance on the plane of the 
array (kWh/m2) 

4.8 4.8 4.8 

Losses       

Near shadings 5.0% 0.0% 2.0% 

Array incidence loss 2.5% 2.5% 2.5% 

Soiling loss 6.0% 2.0% 2.0% 

Irradiance level loss 2.0% 2.0% 2.0% 

Temperature loss 7.0% 8.0% 7.0% 

Shadings: electrical loss 0.6% 0.6% 0.6% 

Module quality loss 2.5% 0.0% 2.5% 

Module array mismatch 1.0% 2.0% 1.0% 

Ohmic wiring loss 1.1% 1.1% 1.1% 

Inverter loss 1.7% 1.7% 1.7% 

                                                                    

49 For conservatism, all arrays are assumed oriented north at 15 degrees slope. While this provides 
approximately maximum energy at the module compared to other orientations, other orientations provide less 
energy in the middle of the day, where curtailment and reliability constraints are greatest, and more output at 
the start and end of the day where this can be more efficiently used directly by the load.  
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Parameter Distributed PV Airport PV Array New PV with 
project 

Estimated usable energy 
output per annum, per kWp 
(dc) connected (MWh) 

1297 1429 1395 

Capacity factor (year 1) 14.8% 16.3% 15.9% 

Annual module performance 
degradation 

0.5% 0.5% 0.5% 

C.2 Feeder connections 

Table C.3: Solar PV (kWp, dc) connections to each feeder as at November, 2015 – ratios assumed to 
apply to future connections of distributed generation 

 2008 2009 2010 2011 2012 2013 2014 2015 Total 

Airport    19 2 23 13 31 87 

Avarua City   25 50 40 6 8 67 195 

Avarua City        7 28 34 

Cross Line 3 1 15 15 19 109 46 264 473 

East Coast 2  27 6 9 22 124 188 378 

Power House     54   2 56 

Seaport  3 5 112 147 19 108 176 570 

West Coast    3 2 7 996 23 1031 

Total 5 4 72 206 273 187 1301 778 2824 
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