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Executive Summary

Overview 

Tuvalu is almost entirely dependent upon imported fuels for its electricity supply and is therefore vulnerable to shipping and logistics disruptions, international energy shocks and their associated economic impacts. In addition to paying for rising fuel charges Tuvaluans must also meet the high cost of transporting fuel over vast distances across the Pacific. All these factors are reflected in the high cost of electricity to Tuvaluans. Achieving a secure energy supply is therefore an urgent and paramount priority for Tuvalu. 

In addition to the financial risks associated with fuel supply, the people of Tuvalu face an impending dislocation from their country brought about by Greenhouse Gas (GHG) emissions and climate change. To confront these challenges, this report focuses on the plans by the Tuvalu Electricity Corporation (TEC) to develop and implement options for reducing their dependence on imported diesel. The proposed new Renewable Energy & Energy Efficiency (RE&EE) Unit (the Unit) within TEC suggests a pathway to address the high dependency on imported fuels. 

The decision to establish the Unit has been greatly influenced by the opportunities arising in several areas. These areas are concerned with reducing the levels of GHG emissions and addressing global climate change, which are both second-tier goals of the Unit. Rapid developments in Renewable Energy Technologies (RETs), the availability of technical and financial assistance from development agencies and funding options provided through carbon financing initiatives have resulted in RE&EE strategies becoming increasingly more viable. In combination, these factors make it possible to develop a strategy for reducing a dependence on imported fuels, the first step being the establishment of the Unit. 

The establishment of a Unit, with the aim of reducing TECs dependence on imported fuels will also support an important policy plan of the Government of Tuvalu (GOT). The Unit will clearly demonstrate a commitment to addressing climate change through voluntary RE & EE initiatives. By adopting the recommendations in this report, the GOT will be reinforcing its already strong credentials and determination for taking positive action on climate change. This is an important example when arguing the country’s vulnerability to climate change impacts such as rising sea levels and supporting global GHG mitigation measures when addressing international forums. 

Recommended Masterplan Strategy

A Masterplan is recommended by the Consultant for reducing TEC’s dependence on diesel through the Unit. This proposed Masterplan is two-fold. The aim of the first phase is to establish the Unit in the best practical and most cost effective way (the ‘Pre-Establishment Phase’). The second phase is termed ‘the Post-Establishment Phase” and identifies the best practical and cost effective way of operationalising the Unit.  This proposed Masterplan would be implemented over a ten year period from late 2008 to late 2018.

Phase One – Pre Establishment (October – December 2008)

To implement Phase One – Pre Establishment, the Consultant recommends the Minister of Public Utilities and Industry promote a regulatory requirement or Mandate to be enacted.  This Mandate would require TEC to reduce its diesel dependency by decreasing consumption at a rate of 3% per annum in 2009 and 2010 followed by 7% from 2011-2013 followed by annual decreases of 12% per annum until the end of 2018. Such a regulation would require that TEC implement operational changes and RE&EE initiatives to achieve the required level of diesel displacement each year. These target levels, whilst challenging, are believed to be achievable within the given timeframes due to proposed and planned RET investments and the potential for implementing effective EE and Loss Reduction Programs (LRPs).

The proposed targets of the 10 year Masterplan are expected to result in cumulative savings of:

· Over 6.5 million  litres of diesel (reducing operating expenses by over AUD 13 million at August 2008 prices);

· Over 17,000 tonnes of carbon-dioxide emissions.

To facilitate this diesel displacement, the Consultant recommends the RE&EE Unit is established with the responsibility for implementing measures to meet the regulatory requirements and as determined by TEC’s General Manager and the Board of Directors. While the Terms of Reference (TOR) for this Study highlight the requirement that  the Unit is to slow the rate of growth of GHGs, the Consultant suggests the Unit can have a greater impact in decreasing total emissions and diesel dependency as illustrated in Figure One below.

Figure One –Comparison of fuel requirements between TEC’s BAU scenario and the RE&EE Masterplan 
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In addition to the introduction of new legislation, the Consultant recommends staffing and resourcing programmes for the Unit are implemented during this pre-establishment phase. One staffing option is to appoint an experienced RE&EE expatriate under the Global Environment Facility Pacific Alliance Strategy (GEF PAS) project. The expatriate would be employed for an initial three month period to support the Unit Manager during the establishment of the Unit, in partnership with the RE&EE Unit Manager. The expatriate would provide further support during Post-Establishment Phase.

The Consultant recommends the appointment of three additional staff members in the roles of:

· RE& EE Electrical Engineer (responsible for Solar PV, LRP  and Demand Side Management (DSM) activities); 

· RE & EE Mechanical Engineer (focused on Wind and Bio-Diesel operations); and,

· Operations Officer (from 2010) (responsible for budget and commercial activities and DOE liaison).

The establishment of the Unit would lead to the reassignment of EE several roles which are currently administered by the Department of Energy (DOE).  This reassignment would have a direct impact on two DOE staff members and therefore, the Consultant proposes these two staff members are transferred to TEC for the purposes of undertaking these two senior roles. 

TEC has one of the lowest connections per employee in the South Pacific with 27 connections per employee compared to similar sized Pacific utilities which average 55 connections per employee. The Consultant proposes that the General Manager of TEC undertake a full organisational review to determine if staffing levels can be improved. If the review identifies surplus staffing levels, these staff could be re-assigned to the Unit in the roles of Community Efficiency Education Officers (CEEOs) to work with residential and commercial customers on individual energy efficiency strategies. 

In this initial phase a relatively small amount of funding would be required to resource the Unit. Office space is available in the old TEC offices, adjacent to the power station on Funafuti. The Consultant proposes office and telecommunications equipment for a four person team is procured for the establishment and operational phases of the Unit. Additional resources may be required for the later and more capital intensive stages of the Unit. 
Phase Two – Post Establishment (January 2009 – December 2018)

The Consultant recommends a strategy consisting of five components in Phase Two – Post Establishment.  This phase will focus on the Unit’s compliance with the legislation introduced in Phase One with the primary objective of reducing the high dependency on diesel as TEC’s single source of electricity generation. The potential influence of the Masterplan can be seen in figure two below. The top of the orange line represents the BAU scenario as a result of continued annual kWh demand growth of 1% per annum. Actual electricity supplied is represented by the top of the purple line, taking into effect EE programs as detailed below. The decreasing need for diesel is represented by the blue line, which approximately equates to that Mandated in Phase One. 

Figure Two – TEC RE&EE Masterplan impact upon Diesel dependency and fuel substitution 
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The first component for the Unit would be to implement a Loss Reduction Program (LRP) aimed at decreasing the technical losses arising from sub-optimal generation and distribution. Current network losses are 11.25% of energy dispatched whereas a system such as TEC’s should be aiming for losses no greater than 6% based on international benchmarks. Similarly, station usage is 3.5% of gross generation where a target of 2% should be set. The LRP would include initiatives focussing on reducing network and station losses. Achievement of these loss reductions targets between 2008 and 2018 could result in a decrease in the required amount of diesel consumed per kWh sold and potential cumulative fuel savings of over 950,000 litres;

The second component would be to develop an education campaign in combination with an investment incentive programme designed to reduce consumer demand. This campaign would be managed and administered by the Unit and provide information to consumers on methods to reduce power consumption and where appropriate provide financial incentives for adopting energy saving practices. The Consultant proposes the CEEO team is assigned approximately 150 residential connections each, which are allocated based on transformer connections). The proposed targets would be to reduce household consumption by an average of 0.4 percent per annum through demand side management measures (DSM) and energy efficiency campaigns. Based on the above targets, residential and commercial educational campaigns could see efficiency gains and decreases in power demand resulting in a cumulative reduction in diesel consumption by over 300,000 litres over the duration of the ten year Masterplan;

Solar PV installations would be planned for and commissioned as the third component of this Post Establishment phase of the Unit. The 40kW Japanese Government funded sports ground project installed on Funafuti in early 2008 provides a solid benchmark for future PV installations and is showing positive results with an expected reduction in fuel consumption of over 17,500 litres through offsetting over 65,000 kWhs in 2008. The recently announced commitment by the Italian Government to finance a second plant at Vaitupu with an additional proposed long term goal of 100% renewable generation on the outer islands provides further impetus for this renewable energy programme. An additional 450 kW of PV systems have also been proposed under a Japanese installation project in 2009. However, in the interest of prudent planning the Consultant has assumed that only half of these proposed units will be installed in 2009 with the remaining units being installed in 2010. In addition the Masterplan outlines a further target of 1MW of solar capacity by 2018 through progressive installation of three additional donor funded 40kW units per year from 2014-2018;

The fourth component for the Unit would be to plan and install wind turbines across Funafuti and as appropriate in the outer islands. The operation of these turbines would further displace diesel generation. Initial results from the testing station on Funafuti have provided encouraging results with wind flows averaging around [5.5]m/s. The Masterplan proposes a target of one donor funded 40kW turbine be installed by 2010 with a further two turbines being installed each year until 2018;

The final component in this Post-Establishment Phase would be to identify options for generating electricity at night or at other times when there is insufficient renewable power being generated. Options include investing in centralised or distributed battery systems or establishing a bio-fuel processing plant. The bio-fuel option involves the planting, harvesting and production of bio-fuels. One such fuel could be derived from Jatropha which is an oilseed plant. Experience in countries with similar environments to Tuvalu has seen over ten tonnes of seed harvested per hectare per annum and oil extraction rates of 37%. The Masterplan recommends a target of 50 tonnes of Jatropha is harvested and processed in 2011 with plant production rising to 700 tonnes by 2018. TEC would be able to offset meaningful amounts of diesel generation with the successful implementation of this component.

During the first two years of this Post-Establishment phase, the Consultant recommends the abovementioned expatriate spends an initial six month period in Tuvalu to assist the RE&EE Manager. This engagement would be in addition to the three month tenure during Phase One.  Further, the Consultant recommends that for a two year period thereafter, the expatriate returns to Tuvalu every six months for a month long consultancy to further develop the skills of the Unit’s Manager. The expatriate should also be available during ‘off-island’ times to assist the RE&EE Manager where necessary. 

Structure and execution

The report outlines an approach for redesigning TEC’s organisational chart to ensure direct responsibility for implementing the strategic objectives identified above. To implement this strategy effectively. the Consultant recommends the RE&EE Unit is established within TEC’s organisational structure by reassigning responsibilities and transferring staff as appropriate from DOE. This Unit will be mandated to reduce the dependency on diesel generation produced by TEC. This objective can be achieved through a combination of energy savings and the successful implementation of a renewable energy investment plan underpinned by a comprehensive training program. The initial staffing levels will be modest in line with the proposed phased roll-out of the strategy and as work and technical requirements grow, additional staff will be redeployed from within TECs existing organisation.

Challenges to strategy implementation

The report highlights a number of institutional and external factors that have the potential to impede the effective implementation of the Masterplan strategy. These factors include legal and institutional barriers. To counter these influences, the Consultant recommends that a number of actions be taken by TEC to encourage resource mobilisation and to mitigate the impact of these factors. In particular, TEC needs to proactively support the DOE to secure funds for the strategy’s implementation and also to identify and address issues at an early stage in the strategy’s implementation. For instance, training and capacity building have long lead-times and this factor needs to be planned for at the earliest possible date to ensure successful strategy implementation. The Consultant recommends that TEC should take the opportunity to address capacity building while implementing the two new PV projects proposed under the planned Italian and Japanese grants. Likewise there are other initiatives by Non-Government Organisations (NGOs) to develop energy efficient and renewable projects that may have a positive impact on meeting TEC’s aim to reduce the dependency on diesel generation and GHG emission reduction targets. TEC needs to be cognisant of the significant work these agencies have undertaken in assessing electricity growth options in the context of energy planning. Capital constraints experienced by TEC and the GOT can only be overcome through the sourcing of long-term patient capital from official development agencies such as the Asian Development Bank (ADB) or from bi-lateral relationships.

Monitoring and evaluation 

To maintain close managerial control over the expanded activities of TEC, the Consultant proposes a monitoring framework designed to provide timely feedback against suggested Key Performance Indicators (KPIs), for both the Unit and other associated TEC departments. The monitoring process is structured at two levels. The first level would involve internal management reviews and the second level would be conducted with the TEC Board of Directors. Monitoring by the Board will provide an oversight in the context of the broader performance goals for TEC particularly relating to levels of diesel displacement and its success in achieving its mandated targets. The Consultant has also prepared a recommended log-frame which is attached as Attachment E and from which the broader goals of the project can be assessed. 

Conclusion 

Tuvalu faces many challenges in sustaining its power network. The geographical isolation of the country, its many islands and therefore fragmented population groupings pose special issues when dealing with its power systems. The overarching concern, however, is Tuvalu’s high dependency on diesel as its single source of electricity generation. This makes Tuvalu particularly vulnerable to external shocks such as the current oil price spike which has consequences beyond its power generation network. Throughout the Pacific, establishing a secure energy supply has become a paramount concern and governments have justifiably given this issue their highest priority. The strategies set out in this report are designed to enable the practical and cost effective establishment of a RE&EE Unit to address not only TEC’s heavy reliance on diesel which makes it vulnerable as a single sourced generation utility, but also for providing a pathway towards cheaper sources of generation based on renewable energy and energy efficiency techniques and to confront the issues associated with global warming. 

Introduction

1.1 Project background and appointment
As a result of rapidly escalating and volatile international petroleum prices, the GOT is facing severe and unpredictable fiscal constraints. New sources of energy are required for sustaining the long-term economic viability of the country. The Consultant therefore proposes an overall strategy for addressing the fundamental role of the power sector in the efficient use of Tuvalu’s energy resources and renewable energy technologies to meet current and future energy needs. In this respect the strategy represents a Masterplan for the RE&EE initiatives. The overall objectives of the plan are being supported by the Pacific Islands Greenhouse Gas Abatement through Renewable Energy Project (PIGGAREP), which in turn is supported by SPREP (Secretariat of the Pacific Regional Environment Programme), UNDP (United Nations Development Programme) and GEF (Global Environment Facility) (the “Donors”).  

Tuvalu is one of the participating Pacific Island Countries (PICs) in PIGGAREP. The Donors are funding a study to identify the best practical and most cost effective way of establishing and operating a Renewable Energy (RE) and Energy Efficiency (EE) Unit (the “Unit) at the Tuvalu Electricity Corporation (TEC) (“Study”). Ridgway Capital Projects (“the Consultant”) has been appointed to carry out the Study. 

This Study follows the SOPAC/PIEPSAP funded Review of the Tuvalu Electricity Corporation’s Base Tariff which was conducted in 2007.  The Tariff Review identified that for TEC to break-even, a higher tariff was necessary. However, the willingness of Tuvaluans to pay a higher tariff is low. The Tariff Review concluded the breakeven cost could be reduced if the current fuel and operational challenges were overcome. The review recommended that one option to address the fuel challenge could be through a change in TEC’s focus towards that of an energy management company with limits on the amount of diesel consumed each year.  In the short term, these limits could be met by identifying and developing alternative forms of generation primarily wind and solar generation, and encouraging the conservation of energy. The Tariff Review further recommended these objectives would be administered and managed through a RE & EE Department within TEC, which would involve the redeployment of existing TEC staff.  This department would take responsibility for activities including developing RE generation options and electricity savings through education, ensuring larger users have appropriate power factors and employing measures to encourage lower use of non-productive electricity applications like air conditioners. The department would also spearhead initiatives aimed at tapping into the availability of carbon financing for new energy projects designed to mitigate GHGs emissions. The ability to tap into global carbon financing opportunities will be highly dependent on cooperation across the Pacific in organising the necessary resources to apply for this form of funding. This is dealt with later in the report in Section 7.1.  

1.2 Objectives of the project 
The primary objective of this Study is to develop recommendations for the most cost effective and practical way of (1) establishing and (2) operationalising an RE&EE Unit within TEC. The study also recognises that the Governments of Italy and Japan have recently discussed large grant projects to support the development of PV facilities throughout Tuvalu. These two projects would extend the ongoing 2005-10 UNDP support program that has resulted in the installation of a 40kW PV facility in Funafuti in January 2008 and other funds allocated for the provision of Technical Assistance and consulting services to support this first stage of the RE development project in Tuvalu.  The additional funding provided by Italy has been committed for activities to be implemented in 2008-2009, and negotiations are expected to be held shortly with the Japanese that will help Tuvalu extend the UNDP program through to 2015.  Furthermore, these two aid programmes provide an excellent opportunity for establishing and operating the RE&EE unit and to participate in institutional development and capacity building.

The Study presents a set of recommendations for establishing and operating the Unit. Sections Five and Six provides a summary of the objectives, strategies and outputs of the Unit with greater detail provided in the project logframe (Attachment E). A draft monitoring and evaluation framework by which TEC Management can assess the effectiveness of the Unit has also been prepared and is contained in Section Eight. The legislative and policy changes necessary for the Unit’s effectiveness have been detailed in a draft governmental mandate (Attachment A). 

1.3 Structure of the Report

Section 1 - Introduction (this section)

Detail concerning the project background, the appointment of the Consultant and the objectives and timeline of the project are outlined in this Section. 
Section 2 - Methodology

An overview of the Methodology is provided in this section which describes the approach taken by the Consultant to assess the issues and the process for arriving at its recommendations. 

Section 3 - Background

This section provides background information on the issues that Tuvalu and TEC are facing and the physical and commercial environments they are operating in. The section includes background into PIGGAREP and its objectives. 

Section 4 - Problem Definition

This section identifies the issues that the proposed RE&EE Unit is being established to resolve from both the perspectives of the GOT and PIGGAREP. The objectives of the Unit are also established and defined in this Section. 

Section 5 - International Experience

 In this Section, the Consultant examines international best practice for resolving the issues identified in Section Four. This section also provides an outline of the desired outcomes from the Unit.  

Section 6 – Phase One Establishment 

The Unit’s plan to achieve the objectives identified for Phase One – Establishment is outlined in this section. Barriers for this phase are identified and a recommended plan to overcome these barriers is provided.

Section 7 – Phase Two Implementation 

The plan to achieve the objectives identified for Phase Two – “Operationalising  the Strategy” is outlined in this section. Also included are the anticipated barriers that the Unit will need to address and the Consultant’s suggested plan to overcome these barriers.

Section 8 - Monitoring and Evaluation

In this section, processes are discussed for monitoring and evaluating the success of the RE&EE Unit. Key Performance Indicators (KPIs) for each of the Unit’s objectives are provided. 

1.4 Acknowledgements
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Methodology

1.5 Overview


The recommendations from the Review of the Base Tariff focused on five actions that are applicable to the RE&EE Unit:

· A LRP to address the high system losses; 

· A DSM program to reduce energy consumption; 

· An evaluation is undertaken on Solar PV energy options designed to reduce diesel generation;

· An evaluation is conducted on Wind energy options designed to reduce diesel generation; and,

· An evaluation is undertaken on energy storage issues that might include a combination of investments in battery systems and the development of bio diesel resources designed to reduce diesel fuel imports.

To address these five actions the review recommended that a RE&EE Unit is established

To validate the recommendation for the establishment of the Unit, the following methodology was used as a basis for this Study:

· Literature review;

· Field Mission;

· Legal Assessment;

· Corporate and Strategic Plan Assessment; and, 

· Organisational Assessment.

1.5.1 Literature Review

Prior to the field mission the Consultant conducted a detailed literature review. This review included international research papers on RET and EE initiatives, barriers to implementation of such programs, articles with a regional emphasis, reports from previous TEC studies and relevant legal documentation.  A full list of articles and sources reviewed can be found in Attachment L. 

1.5.2 Field Mission 

From the 7th to the 11th of July 2008 John Irving and James Stewart conducted a field mission to Tuvalu. During this time the Consultants met with stakeholders associated with the RE&EE Unit to listen and gather their perspectives on the Unit and to review relevant information. Sixteen meetings with the following personal and organisations were conducted over the three days in Tuvalu. 

· General Manager of TEC – Mafalu Lotolua

· Generation Manager of TEC – Fatoga Talama

· Private Engineer – Lopati Tefoa

· Secretary of Finance - Aunese Simati

· The Director of Agriculture-Itaia Lausaveve

· The TCTC Staff

· Senior Energy Planner (DOE) -  Molipi Tausi

· TMTI Director – Eti Esela

· The Director of the Marine Dept –Usigafono Tofiga

· SOPAC GIS Trainer – Edwin Liava’a

· TEC GIS Officer – Polu Tanei

· Minister of Public Works and Industry –Hon. Kausea Natano

· The Acting Sec of Public Utilities and Industries - Paulson Panapa 

· Legal Advisor to Attorney General - Daniel Gorman

· BP Marketing Manager – Paula Taufa

· The TEC Board

1.5.3 Legal Assessment 

While setting up a RE&EE Unit is a financially and environmentally sound initiative, the legislative framework needs to accommodate such an action if it is to have a strong legal foundation. Consequently, an assessment of the Tuvalu Electricity Corporation Act was conducted to determine if the establishment of an RE&EE Unit, with the mandate to manage energy developments within TEC is permitted and is consistent with TEC’s mandate. Attachment B contains details of this full assessment. Historically the DOE has performed some roles that are more usually undertaken by an energy utility such as TEC. These roles include electricity market development, expansion planning and procurement. Therefore, other relevant legislation was assessed particularly relating to DOE’s activities to ensure no duplication between a RE&EE Unit and the DOE. Findings from this assessment are provided in Section Six of this report. 

In providing this legal summary, the Consultant advises that Ridgway specialises in providing financial and economic advice to clients.  Ridgway is not a law firm and subsequently this legal assessment is therefore only an opinion and a review of it’s the Consultant’s interpretation of the legal environment in Tuvalu as it impacts on TEC and the proposed RE&EE Unit. 

1.5.4 Corporate & Strategic Plan Assessment 

TEC’s corporate and strategic plans provide a mid term vision for 2007-2009 with the aim of ‘continuing their services to all stakeholders’. The establishment of an RE&EE Unit will further expand and enhance TEC’s capacity to meet the needs of its associated parties. Key points of the corporate and strategic plans that have the potential to be achieved by the Unit are the lowering of tariffs, to release funding for other commercial operations, to develop the skill base of staff and to reduce TEC’s dependence on diesel generation. A full assessment of these plans and identifying ways in which the Unit can assist in achieving these plans is provided in Attachment C. 

1.5.5 Organisational Assessment 

The Consultant has reviewed the TEC Organisation Chart and proposes that the RE & EE Unit would be established as a sixth department of TEC.  In comparison to similar utilities, TEC is overstaffed yet it is the only major organisation in Tuvalu with access to staff familiar with the technologies involved in RE and EE projects. Further, the Consultant reviewed the objectives of the five current departments to determine if there was scope for consolidation as part of the re-organization process. Findings from this assessment are provided  in Section Six of this report. 

1.6 Implementation Schedule and Deliverables of the Project 
The agreed commencement date for the Study was 23rd June 2008 and the completion date is 31 August 2008.

The approach and methodology in responding to SPREP’s Terms of Reference are designed to achieve the following milestones:

	Inception Note
	6th July 2008

	Debriefing Report
	16th July 2008

	Draft Report
	6th August 2008

	Final Report
	31st August 2008


2 Background

2.1 Country Profile 

The nation of Tuvalu comprises nine coral atoll islands (Funafuti, Nanumea, Nanumaga, Niutao, Nui, Vaitupu, Nukufetau Nukulaelae and Niulakita) and is located in the South Pacific Ocean lying approximately half way between Hawaii and Australia. The atolls are scattered across an exclusive economic zone of 900,000 square kilometres. The atolls are narrow and low-lying with Tuvalu's highest point being just three meters above sea level.

With a total land area of only 26 square kilometres and a population of 11,992
 Tuvalu is a densely populated country. About half of the people live on the main island of Fogafale with the balance dispersed throughout the other eight islands. Nearly all of the population is Polynesian (96%) and the remainder are Micronesian. The rate of population growth in Tuvalu has been gradually increasing since 2000 at an average rate of 1.45% per annum, despite an increase in emigration. 

The topical issue of climate change and rising sea levels which may displace populations is a real concern to a low lying nation such as Tuvalu. Arrangements have already been made with the New Zealand Government concerning the evacuation of Tuvaluan residents if this event should occur.

2.2 TEC and its Objectives

TEC is an incorporated entity under the Tuvalu Electricity Corporation Act (the “Act”). Under this Act, TEC is authorised to generate and distribute electricity to all parts of Tuvalu. TEC is presently supplying electricity to the eight largest islands and manages a home solar installation project on the southern most island of Niulakita.

Under Tuvaluan law TEC has the “sole and exclusive right to supply electricity for sale within any supply area”. Where TEC is unable to provide a reasonable supply of electricity (Section 6.2 of the Act) arrangements may be made for a licence to supply to be issued to a third party.

TEC’s installed capacity is in the order of 6MW comprised solely of diesel generation located on the eight largest islands. This capacity includes the recently commissioned 1.8MW power plant and an older plant (2,430kW) both located on Fogafale. In addition TEC also operates a 40kW PV grid-injection installation that was installed in 2008. On the outer islands there is about 1800 kW of relatively new plant (installed in 2000) in addition to the small Niulakita solar station (which is now maintained by the Department of Energy). Furthermore, an 11KV transmission ring was recently commissioned on Fogafale and, combined with this excess generation capacity, TEC is in a technically sound position from which to operate.  

Notwithstanding the surplus generation capacity TEC is facing severe cash-flow problems. These arise from the impact of higher diesel and transportation costs – this is despite government subsidies compensating for some of the higher diesel prices. As a result TEC is now considering options for reducing its consumption of diesel. While costs savings are the major driver behind this initiative, a positive spin off would be the reductions in greenhouse gas emissions produced by TEC. These considerations were documented in Section 2 of the Review of the Tuvalu Electricity Corporation’s Base Tariff conducted in 2007. This review made several recommendations including the establishment of an RE&EE Unit. 

Central to the establishment of the RE&EE Unit is the repositioning of TEC as an energy management company where reducing annual diesel consumption limits are imposed. These limits would incentivise TEC to reduce the level of electricity consumption by encouraging energy conservation and fuel switching and by implementing renewable generation options like wind and solar PV to displace diesel consumption. It would be the responsibility of the proposed RE & EE Unit to implement and administer these initiatives. The Consultants recommend that the suggested diesel reduction programme be reinforced by the promulgation of a new Mandate as found in Attachment A. It is recommended that these regulations be gazetted by the Minster of Public Works and Infrastructure. 

2.3 PIGGAREP and its Objectives

The Pacific Islands Greenhouse Gas Abatement through Renewable Energy Project (PIGGAREP) is a five-year project funded by the Global Environmental Facility (GEF) and implemented by the United Nations Development Programme (UNDP) through SPREP. PIGGAREP was formed with the aim of helping the respective Government’s reduce the growth rate of emissions from Greenhouse Gases (GHG) produced from fossil fuel use in Pacific Island Countries (PICs). The program involves a number of interventions which are aimed at removing major barriers to the widespread use of commercially viable Renewable Energy Technologies (RETs). 

The project is designed to bring about the following outcomes in Tuvalu and other PICs: 

(1) Increased number of successful commercial RE applications; 

(2) Expanded market for RET applications for power generation and productive uses; 

(3) Enhanced institutional capacity to design, implement and monitor RE projects; 

(4) Availability and accessibility of financing to existing and new RE projects; 

(5) Strengthened legal and regulatory structures in the energy and environmental sectors, and; 

(6) Increased awareness and knowledge on RE and RETs among key stakeholders. 

The proposed RE & EE Unit at TEC is one of the initiatives being supported by PIGGAREP to meet the outcomes described above.  The establishment of this Unit would assist with the number of RETs being integrated into the energy market; develop TEC’s institutional capacity for RE projects and increase the level of stakeholder awareness for RE technologies.

Problem Definition

2.4 Differing Problems from Differing Perspectives

As detailed in Section Three, Tuvalu is a nation with almost 100% of its electricity produced from diesel generation.  This reliance on diesel generation presents two major problems. The first is the high dependency on imported fuel which is risky from a supply and logistics perspective and also exposes the country to the possibility of external oil shocks (and their associated negative economic impacts). A related problem is the level of Greenhouse Gases (GHGs) emitted from the diesel generators and how these emissions are purported to be linked to global warming which is interconnected to rising sea levels. As previously mentioned, the goal of PIGGAREP is to help Government’s reduce the growth rate of GHG emissions from fossil fuel use in PICs including Tuvalu and therefore to identify options for reducing the reliance on diesel power generation.  

While the issues associated with climate change and the potential environmental impact on the nation are widely known throughout Tuvalu, planning for energy needs appears to have focused on conventional short-term solutions with the installation of additional diesel generation capacity to meet growing demand.  However, this short-term focus now means a heavy reliance on diesel generation thus exposing the country to increasing costs for diesel which is resulting in increase electricity tariffs and the need for government subsidies. The lack of energy source diversification just compounds the problems. As seen in Figure Three, the landed price of diesel into Tuvalu has increased four-fold over the last 12 years. In 1996, the fuel cost component of a unit of electricity (kWh) was approximately AUD 0.12. With the rise in the price of diesel, the fuel component of the required average electricity tariff has increased to over AUD 0.50 per kWh. With average household consumption of 1200 kWh per annum and an average gross household income of $15,156
 per annum, electricity costs as a percentage of household income have increased to over 3.5%. 

Figure Three - Fuel Price per Litre Paid by TEC 1996-2008 (AUD)   
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2.5 Global Issues impacting upon TEC

The global energy market is facing several significant issues that have impacted upon the world price of oil. The prospect of ‘peak-oil’, wars in Afghanistan and Iraq, tensions in Iran, oil speculators and surges in demand from emerging markets such as India and China have all impacted the global oil price. In a similar way global issues have also affected the price of bio-fuels which are closely linked to oil prices. Over the last few years of oil price volatility price uncertainties associated with the copra production has affected earlier plans by Tuvalu to develop the sustainable indigenous oil substitute using its considerable coconut resources.  

2.6 Tuvalu Specific Issues

Tuvalu has country specific issues that impact upon its cost of providing electricity to its people. These are:

1) Tuvalu’s remote geographic location and the high cost for fuel transportation. Significant fuel transportation costs are incurred as diesel is currently shipped from New Zealand.  ‘Tank-tainers
’ are filled by BP for Reef Shipping Ltd and are transported to Funafuti some 3200 km away. This additional shipping adds AUD 12 cents per litre or 6.3% to the diesel cost. This transport cost equates to an additional AUD 4 cents required per kWh.

2) The lack of capital for increasing generation capacity. A lack of investment capital in Tuvalu has also impacted upon the electricity generation environment. This shortage of funds for generation investment has, at TEC’s own discretion, led to a reliance on donor funding. While this type of funding has resulted in an improvement in the standard of living for Tuvaluans, the general nature of donor funding can result in sub-optimal delivery for the beneficiary country. This issue presents itself in two ways. Firstly, the competitive advantage of the donor country may influence the type of assistance delivered. This can be seen in the example of the 2006 Japanese assistance to TEC for a new diesel power station. The Japanese expertise and specialization in diesel generation facilities resulted in the delivery of a high quality, large capacity and lower cost diesel based solution. However, this solution may not have been the most appropriate fit for this generation network given capacity needs and fuel constraints. This aspect of donor funding, whilst enabling a donor to provide a more substantial donor package, has the potential to deliver sub-optimal solutions as more applicable options are relatively more expensive to provide.

Another issue that can potentially arise with donor funded infrastructure projects is the difference between the initial capital cost assessments versus the “whole of lifecycle cost”. Donor funding often provides for high initial capital costs which allows the recipient country to procure units above that which could be attained through their own endeavors. However, if “whole of life cycle costs” are not considered during the project planning phase, there is the potential for high operating costs to impose a financial burden upon the beneficiary country. This example can be seen in the case of TEC where the donation of a high cost diesel generation plant has lead to Tuvalu’s electricity industry being even more dependent on diesel imports and exposed to ongoing price increases. These increased costs have resulted in both tariff increases to TEC’s consumers and a growing and ongoing need for an annual Government fuel subsidy.

Tuvalu’s generation options are also further limited by its geographical resources. The flat and sparse topography of the islands rules out the possibility for hydro generation. Additionally, no natural gas reserves have been located within Tuvalu’s country boundaries.

3) Tuvalu’s small and fragmented population. These issues contribute to additional costs for the production of electricity.  As detailed in Section Three the geography and demographics of Tuvalu also has an impact on its energy sector and the generation options available to TEC. Tuvalu’s fragmented population which is dispersed over nine islands doesn’t not allow for a single centralized generation facility which if it were possible may result in a lower cost of supply. TEC has 1.8MW of new installed generation capacity on Funafuti and 2.4 MW of additional standby generation which is more than adequate to service Funafuti’s peak load of 920 kW. Furthermore, Tuvalu’s geographically dispersed population creates the need for satellite generation facilities on each of the outer islands. The resulting duplication of equipment and staff leads to additional costs that would not be incurred if a centralized system were possible. 

2.7 Tuvalu at a Crossroads

Despite the differences in priorities between PIGGAREP and TEC, the challenge facing Tuvalu is brought about by the same underlying problem – the reliance on diesel generation.  PIGGAREP, the Government of Tuvalu and TEC all share a common interest in reducing diesel dependency through the introduction of other feasible sources of electricity generation i.e. renewable albeit driven by differing motives, and energy efficiency. 

With the problem now identified, TEC and the GOT have two options; to maintain the status quo with diesel generation or alternatively to take practicable steps towards displacing diesel. 

If diesel prices remain at their current high levels or continue to rise, electricity tariffs will need to be adjusted upward. This would place financial pressures on consumers, some of whom are already experiencing difficulties paying their accounts Furthermore; the GOT would be required to further subsidize TEC’s operations reducing funding for government spending or through distributions from the Tuvalu Trust Fund (TTF). 

From an environmental perspective, if no action is taken to displace diesel, GHG’s will continue to be emitted. Whilst the levels of emissions are minor on a global scale (4900 tonnes per annum from TEC) continuing rising emissions could be seen as a source of embarrassment to donors who desire to see Tuvalu, (a country in the firing line of the impacts of climate change) voluntarily setting an example to the global community and reducing its emissions. 

Clearly maintaining the status quo would be detrimental both economically and environmentally. It is evident that RET exists which would allow Tuvalu to displace meaningful amounts of diesel.  Many other countries in similar situations are taking steps to solve this problem and it is important to learn from their actions so TEC can take the most appropriate steps to displace diesel, lower tariffs and reduce the level of GHG emissions. 

Consequently, the objective of the Unit is to reduce diesel dependency while maintaining affordable and reliable electricity services. Within the Unit, the objective of the RE Department is to do this through achieving the output of RE kWhs and the objective of the EE Department is to do this through Negawatts.

3 International Experience 

3.1 A Global Perspective

The global and country specific problems discussed in Section Four are not unique to Tuvalu and TEC. The changing world energy environment affects all countries to varying degrees and many other nations share similar geographic impediments such as geographical isolation, fragmented population and scarcity of investment capital. While these challenges are not overcome easily or quickly, many nations have been able to displace diesel generation resulting in a lowering in GHG emissions and electricity tariffs. 

As part of the Study the Consultant undertook a literature review of recent studies of Tuvalu’s energy options along with studies of other countries and relevant utilities which have taken steps to overcome similar challenges to those TEC is facing. It is hoped that the lessons learned by the actions of these entities can be applied to Tuvalu.  

PIGGAREP is encouraging the study and establishment of an RE&EE Unit for the benefit of the GOT and TEC, this section looks at International Best Practice for solving the diesel displacement problem. 

3.2 Literature review

3.2.1 Renewable Remote Power Generation Program (RRPGP) - Australia

The Renewable Remote Power Generation Program (RRPGP) was a Government initiative which commenced in 2000.  This program was brought about by the reliance on fossil fuel based generation in many remote parts of Australia. The aim of the program is to displace the use of diesel generation through a rebate scheme for the installation of alternative generation schemes. 

Given the identical nature of the problem facing both remote Australian settlements and Tuvalu i.e. emission and cost reductions by offsetting diesel generation
) the approach adopted by the RRPGP (RETs) should be considered by TEC, the GOT and PIGGAREP when reviewing options to reduce GHGs and avoid tariff increases. 

3.2.2 Regional Energy Efficiency Program – Australia 

This Regional Energy Efficiency Program, administered by the Sustainable Energy Development office of Western Australia, aims to encourage households, business and organisations to reduce their energy use through a range of energy efficient initiatives
 including: 

· Free energy saving compact fluorescent lamps for households;

· Rebates for energy efficient household goods (fridges, freezers, air-conditioners);

· Rebates for insulation;

· Rebates for controllers (time based devices or sensors to reduce energy consumption); and,

· Energy audits for business and other organisations.

Western Australia, like Tuvalu, relies heavily on fossil fuels (coal and natural gas) for generation
. The Government of Western Australia’s Office of Energy has determined that electricity generation must be environmentally responsible and has therefore developed this Regional Energy Efficiency Program. 

Many of the energy efficiency initiatives of this program are transferable to Tuvalu. As such, the program’s objective of reduced emissions and tariffs through energy efficiency strategies can also be applied to TEC’s RE & EE Unit.

3.2.3 Mindanao – Philippines

A study conducted in 2008 by the Government of the Philippines (Department of Energy) considered various options for the reduction of fossil fuel power generation in Mindanao including programs for improving energy efficiency and the development of renewable power generation projects. The study highlighted the need to increase the uptake of RETs, specifically hydro (not applicable to the Tuvalu context), bio-mass generation, bio-fuel development and solar energy conversion. Energy efficiency measures including power system improvements, loss reduction programs, demand side management and power transmission reinforcements were recommended
.

The recommendations of this Study may provide solutions to TEC as it considers ways for reducing diesel consumption and is another example of the use of international best practice for solving the problems facing Tuvalu and more particularly TEC.
3.2.4 Studies by Alofa Tuvalu 

There are comprehensive proposals for RE development in Tuvalu outlined in the 2006 reports: “Tuvalu Renewable Energy Study” and the “Biomass Energy Potential in Tuvalu
”. The recommendations in the former report address a number of cross-cutting issues (e.g. environmental/ecology, social, development, waste management etc) that impact on any of TECs plans to develop its electricity generation alternatives. The recommendations are designed to be sustainable by ensuring that there is strong government support to all NGOs and government agencies responsible for delivery of appropriate national RE projects. In summary the report makes the following recommendations (rephrased and updated to take into account events that have occurred over the past  two years): 

	Recommendations in Tuvalu Energy Study 2006
	Implication for TEC RE&EE Unit Development Plans

	Develop indigenous biomass resources particularly using charcoal or organic waste for cooking 
	Could reduce demand during even peak hours

	Guarantee appropriate commercial prices to incentivise famers to grow coconuts in order to make sufficient biodiesel from copra for ocean transport
	If supplies of coconut are limited TEC may have to compete with Marine department for biodiesel 

	Use solar hot water systems for sanitary use (hospital) and water purifications
	Significant potential to reduce use of oil generated electricity for how water

	Start a pilot program to test the viability of wind generation making use of data collected over the past year


	Ample evidence that although the average wind speeds are low (5/sec) they are relatively constant to ensure wind should be more economic that PV or diesel.

	Implement a PV grid connection program providing training to ensure adequate maintenance


	This program is well in hand and TEC needs to focus its efforts on supporting the contractors, training its staff for O&M and monitoring the efficiency of the project 

	Energy Efficient improvement programs should focus on: shading buildings to reduce air conditioning demand; restricting the import of cars and trucks with high fuel consumption; and establish minimum energy efficient standards for domestic appliances (e.g. fridges, washing machines etc) 
	Ongoing LRP study to investigate implementation priorities


3.2.5 Policy Perspectives: Environmental Management & Renewable Energy in the Pacific Islands

This 1997 article from the Journal of Environmental Management provides an assessment of renewable solutions for energy in the Pacific Islands region. It highlights the importance of well formulated energy policies, institutional capacity, and technical, human and financial resources. These issues are applied to the TEC context in Section Six. It also raises the issue of reduced government investment in other sectors as a result of the energy sector draining available capital. This is a very applicable situation to Tuvalu with an expected Government subsidy of AUD 1.24m being required in 2008 for fuel alone.
 

3.2.6 Renewable energy in the South Pacific – options and constraints

Jafar’s 2000 article in the ‘renewable energy’ publication addresses the pitfalls of hasty implementation of RET in South Pacific nations. Jafar argues that whilst many national energy situations may be dire in nature, poorly applied technology can inflict more harm than good. He highlights inappropriately designed and poor quality PV systems that have been wrongly installed and poorly maintained. The high initial capital outlays are often not recovered when performance is impaired or lifespan is shortened. The applicability of Jafar’s comments throw concern to suggestions to re-implement co-operative or household PV systems and raise caution over large scale PV systems in Tuvalu’s harsh saline environment. 

3.3 Conclusion

On the basis of the reviews above it is recommended that until other technologies are commercialised it would be prudent for Tuvalu to focus on developing its natural resources of solar and wind energy in order to offset diesel generation. RET in these two areas has developed to an extent where efficiencies are viable and initial capital costs are not prohibitive. Costs per kWh of solar installations are approximately 20 cents USD per kWh and wind energy 20 cents USD kWh
. Development of RETs such as wave or tidal power have progressed significantly over the last five years but still trail wind and solar with regard to cost per kWh and reliability. However, there should in each wind and PV implementation be provision for full cost recovery and maintenance expenses thereby ensuring these systems meet their theoretical long run marginal cost. 

4 Phase One Implementation - Establishing the Unit

The first stage of implementing the RE&EE Masterplan involves the development of the regulatory and institutional framework and resourcing the Unit prior to its launch in January 2009. Four main areas need to be addressed during this establishment phase. Firstly, legal aspects such as a Ministerial regulation or Mandate needs to be drafted and enacted. The institutional framework is the second key area, which would address organisational changes within TEC and between entities which TEC interacts with. Thirdly, staffing requirements would need to be identified and recruitment undertaken. Finally, basic capital resources would need to be procured for the Phase Two operations of the Unit. 

4.1 Legal 

The Consultant proposes that a Ministerial Mandate is drafted and enacted in this phase, which would obligate TEC to meet annual reduction targets in diesel generation. TEC will be accountable to its Board to meet these targets through:

· Reducing demand for electricity through energy efficiency educational campaigns;

· Increasing the efficiency of the distribution network by implementing an LRP; and,

· Offsetting diesel generation through RETs. 

A draft Mandate has been prepared and is provided as Attachment A.  The Consultant recommends this Mandate should be presented to the Minister for Public Works and Utilities for his review and then submitted to Cabinet prior to the parliamentary session in November 2008. 

Based on discussed and proposed  donor funding for RET projects between 2009-2011 and EE initiatives currently underway through a New Zealand Government sponsored program, the targets outlined in the Ministerial Mandate  have been set for reducing Tuvalu’s dependency on diesel generation. Further information on the strategy to provide these targets is provided in Section 7 –Phase Two Implementation. 

In proposing these targets, the Consultant has made the following assumptions:

· Demand for electricity continues to increase at a rate of 1% per annum;

· Current network losses of 12% are reduced to 6% at an even rate by 2013;

· Current station usage of 4% is reduced to 2% at an even rate by 2012;

· Additional solar installations have the same efficiency rates and output as the 40kW installation at the Funafuti sports ground;

· Wind turbines (40kW) have annual output of 102,000kWh per annum.

4.2  Institutional Recommendations

4.2.1 External to TEC’s organisation structure

Staff Transfers

Recognising the RET skills and knowledge that currently exist within the DOE, the Consultant recommends two staff from the DOE are transferred to the Unit. The first recommended transfer would be the wind/bio-gas specialist and the second would be the solar specialist. The reassignment of these two staff members will immediately introduce relevant skills to the Unit and assist with the implementation of RETs throughout TEC. 

Responsibility Transfers

In addition to the transfer of staff, the Consultant recommends that TEC assume responsibility for energy efficiency education programs.  The DOE is currently administering these programs, however, the Consultant recommends these initiatives would be better implemented through the Unit. 

Further information on these recommendations is provided in Section 7.4. 

4.2.2 Within TEC’s organisation structure & outside the Unit

Staffing Level Review  

Although outside the TOR for this assignment, the Consultant notes the potential for additional organisational changes within TEC. As previously noted, compared to other similar sized utilities, TEC has a high level of staffing relative to customer numbers resulting in higher operating expenses. As provided for in Section 21 of the TEC Act, the corporation is required to conduct its business in accordance with prudent commercial principles, which includes staffing levels. 

With this in mind, one option for consideration is that the current five departments are merged into three. As discussed with TEC’s General Manager, the Consultant recommends the Outstations department is merged with the Distribution department. Furthermore, as the Finance and Administration departments share very similar objectives, roles and skill-sets, merging these two departments may lead to greater operational efficiencies, reduce duplication of tasks and could potentially redeploy staff for CEEO roles as outlined in greater detail in Section 7.4.2.

A comparison between TEC’s current organisational structure and the option proposed above is illustrated in Figures Four and Five. 

Figure Four – Current TEC Organisational Chart

[image: image4.png]General Manager

Generation Manager

Distibution Manager

Outsation Manager

Financs Manager

AdministrationPersonnel
Manager

|

H o H o r 2 0
£ g g 4 2 g b g Z
g g H g H z ) > 3
z o 8 = 2 g 3 % ®
g H 2 H z 3 H H 2
H H H H g H H H L
: : s H H g H
& g H g g
T | T T ; | —— ]
CSTTORT
7x Stit Operators  Eleciiians 7 Blecriians Oustaon Aceaunt Clek Clearer
o lcharcs B otkr Teiechanics o
" Inventory Clerk





Figure Five – Proposed TEC Organisational Chart
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Establishment of an RE&EE Unit

With the proposed option of merging the five departments into three, the Consultant proposes the RE&EE Unit would form a fourth department. Given the key strategic nature of the proposed Unit, it is recommended the RE&EE Unit Manager would report directly to the TEC General Manager as would the Generation, Distribution and Administration Managers. The RE&EE Unit Manager would be required to work particularly closely with the Generation, Distribution and Administration Managers to implement a range of RE&EE initiatives. 

One of the key working relationships for the Unit Manager would be with the Generation Manager. The Generation Manager would coordinate, install and integrate all renewable energy projects into the generation system.  As one of the primary goals of the Unit is to reduce the consumption of diesel, this will require new load forecasts for the substitute generation capacity. These amended forecasts would have an impact on operational levels, service and maintenance schedules and expansion/employment plans within the Generation department.
The requirement of connecting RE projects to the distribution network will require significant coordination with the Distribution Manager and associated team. The fluctuating nature of solar and wind generation systems presents operational challenges and these will need to be worked through to ensure a high quality, reliable, and safe supply of electricity to consumers. 

The Administration Manager and associated  team have a high degree of ‘face-to-face’ interaction with customers through meter reading, accounts and cashier roles. This team should provide the most practical way for distributing energy efficiency and demand side management educational material to customers. This material would advise customers on how to use electricity more efficiently and to reduce wastage.  This material would be developed within TEC, in consultation with other departments and entities and by reviewing educational material produced by other utilities and energy companies who are facing a similar dependency on diesel generation. 

Furthermore and in consultation with the respective Managers, the Unit’s Manager should be provided with cross-departmental access to specialist staff working within the Generation, Distribution and Administration departments. 

The Consultant recommends the Unit is not a stand-alone and independent unit within the TEC organisation structure. The objective of the Unit would be to reduce the dependency on diesel generation by working with appropriate departments within TEC. For example, the Unit would work with the Generation Department and the General Manager to install a solar system.. It is important that the Unit does not duplicate the roles of any department within TEC and this ‘facilitation’ role would ensure that other departments are utilised, not replaced.

4.3 Human Resources 

During the Establishment Phase, the Consultant recommends that the Unit Manager would be assisted by three project officers each of whom will be supported by staff from the other TEC departments. Furthermore, the Consultant proposes that during this initial phase technical assistance from external sources should be solicited to assist with planning and capacity building for the Unit. As mentioned previously, the expatriate appointment under the GEF PAS project is one such option. As illustrated below, such funding falls under two of the GEF PAS priorities and programs; Capacity Development and Enabling Activities. Early identification of funding for this recommended technical assistance would need to be undertaken by PIGGAREP.

Figure Six - GEF-PAS regional strategies and GEF-PAS strategic investment program.
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The specific responsibilities of the key RE&EE staff would be as follows:

4.3.1 RE&EE Unit Manager 

The Consultant recommends the Unit Manager would be a senior engineer and preferably an appointment from within TEC. It is recommended this Manager would be experienced in power utility management including various aspects of planning, operations and maintenance of utilities similar to TEC. The Manager would have overall responsibility for the Unit and would be responsible (in association with guidance from the expatriate assistant in the initial stages of the Unit) for assisting TEC’s General Manager in achieving TEC’s corporate and strategic goals including diesel displacement targets.

With specific reference to the RE&EE Unit, the Unit Manager’s first priority would be  to ensure the Unit is positioned to gain the maximum transfer of knowledge )by working closely with: (i) consultants who are currently engaged to assist TEC with reducing losses and increasing efficiencies of their  power distribution systems (sponsored by the New Zealand Government; and (ii) contractors who are planning to install new PV systems under Italian and proposed Japanese funding. In particular, this strategy should make full use of opportunities to employ training funds allocated under these projects to expand the capabilities of the refurbished Amatuku Marine School to provide ongoing training in RE&EE technologies to TEC staff.

In the medium term, the Unit’s Manager should take full advantage of capacity building initiatives relating to:

· Developing a pilot wind project on Funafuti 

· Further expansion of  training programs in RE technologies at the refurbished Amatuku Marine School; 

· Introducing a service program for the maintenance or replacement of batteries to owners of existing solar and biomass projects.   

The Consultant recommends the Unit Manager develop a long-term strategy which would consider the following:

· Reviewing the past recommendations by Alofa Tuvalu to identify opportunities for new RE&EE projects; 

· Investigating the feasibility of reinstating disused PV home systems on the outer islands as an aggregated PV injection facility;

· Selling surplus TEC diesel generation assets to help fund RE activities; 

· Cooperating with the Agriculture and Fisheries Department to develop an indigenous biodiesel production project; 

· Importing used golf carts to demonstrate the viability of electricity for transport; 

· Planning the development of flow battery storage systems to maximise the use of intermittently generated RE solar and wind power.

4.3.2 RE&EE Electrical Engineer 

The RE&EE Electrical Engineer would be familiar with power distribution systems operation, Geographic Information Systems (GIS), database management, metering systems, hybrid PV-diesel generation control systems. 

The first priority for the Electrical Engineer would be to work closely with the RE&EE Operations Officer and support consultants who will be assisting TEC to develop a Loss Reduction and Energy Efficiency Project.  This project will identify key focus areas and will propose a plan to reduce technical and non-technical losses throughout TECs power distribution system. The project will include a review of metering systems, inspection of customer’s premises, analysis of power usage and development of plans to implement efficiency improvement measures. The implementation of  this project aims to reduce network losses to 6% by 2013 and station usage to 2% by 2012. The Electrical Engineer would be responsible for implementing the Loss Reduction Program along with performing other roles and activities in association with other the role’s other activities.

The Engineer would be assigned the operational responsibility for the existing PV facility in Funafuti to ensure it is adequately maintained and to monitor its performance. The Engineer would be TEC’s main counterpart in the planning and construction of a 40KW PV facility in Vaitupu and advisor to DOE in finalising the arrangements for the proposed new 440kW PV facilities throughout Tuvalu. This task would involve identifying suitable staff within TEC’s generation and distribution departments to work on PV facilities and to develop suitable training programs to ensure that local staff are appropriately skilled.

The Electrical Engineer would identify existing solar RE projects throughout Tuvalu where TEC could profitably offer a maintenance and battery replacement service or alternatively purchase surplus PV units for redeployment in PV injection service. This Engineer would investigate the potential for introducing electric golf carts to Funafuti and identify issues that may need to be addressed to make full use of their potential to provide Vehicle-to-Grid (V2G) operation. This Engineer would also investigate the use of flow battery systems that can be used to store surplus renewable energy for generation at night.

The Engineer should be capable of developing Operations and Maintenance (O&M) programs and if necessary providing training on these programs for electricians.

4.3.3 RE&EE Mechanical Engineer

The RE&EE Mechanical Engineer would preferably be an experienced O&M maintenance engineer familiar with diesel and biofuel generation plants and be willing to learn about wind turbine technology. This Engineer would also be interested in pursuing opportunities for supporting off grid fuel substitution projects such as biomass projects.  The Mechanical Engineer would review the need for surplus diesel generation capability and identify surplus diesel generation units that could be sold off and the funds allocated to the RE&EE program. 

The first priority for the Mechanical Engineer would be to analyse one years wind data to determine the optimum wind generation capacity requirements for a pilot and subsequent full production wind generation project on Funafuti. The Engineer would also identify other sites throughout Tuvalu where wind gauge measurements can be made with a view to transferring a measuring device around these locations.

The second priority would be to convene meetings with the Agriculture, Marine and Fisheries departments to determine the extent to which indigenous biodiesel sources can be developed in association with biodiesel production facilities as needed to supply both power generation facilities and sea and land transport. This action would require a review of the Alofa Tuvalu recommendations and any other relevant reports to determine if any additional information is required in developing an appropriate investment strategy and funding application.  This strategy would be linked to a reward program for farmers who are willing to grow adequate supplies of copra and Jatropha for the production of biodiesel. 
The Mechanical Engineer would also need to identify biomass projects with the potential to reduce inefficient electricity use on low temperate applications e.g. cooking and hot water. The Unit’s role in this initiative could be to offer an installation and maintenance services for solar hot water systems, biogas e.g. from piggeries and biomass for charcoal production that would result in a significant increase in the use of biofuel resources.

4.3.4 RE&EE Operations Officer

It is expected that the roles detailed below will be undertaken by the Unit Manager prior to 2010. After this time it is proposed that an additional role of the RE&EE Operations Officer be created to facilitate the additional tasks necessary due to the workload of the Unit. The RE&EE Operations Officer would preferably have a background in finance and/or economics and be familiar with the commercial aspects of power distribution management and operations. 

The Operations Officer would liaise closely with DOE to ensure TEC’s implementation plans are fully supported by Government policy. In consultation with the Unit’s Manager, the Officer will prepare and monitor investment, operational and financial targets for the Unit.   The Officer would prepare monthly target progress reports for the Unit Manager and the TEC Board.

This Officer would take primary responsibility for preparing Request for Financing Proposals as necessary to support the Unit’s development plans. These proposals should be modelled on the format which is acceptable to the International Financial Institutions (IFIs) explaining the rationale for the project, the objectives, project design, implementation arrangements, socio-economic justification and financing requirements. The Officer would also be responsible for working with the Unit’s Electrical and Mechanical Engineers assisting them to develop budgets and appropriate targets to meet the Unit’s goals. 

The Operations Officer would design an information and education program to assist households in optimising the use of electrical appliances and minimising waste energy.

Finally, the Officer should be prepared to learn about issues relating to the quantification and allocation of carbon emissions, particularly the Clean Development Mechanism (CDM) and Certified Emission Reductions (CER).
4.4 Resource Requirements

The capital resource requirements for establishing the Unit are not significant given that TEC already has surplus office space available to accommodate this Unit. The Consultant recommends the RE&EE Unit is located in the previous TEC offices which are adjacent to the power station on Funafuti. The offices will need some minor renovations such as cleaning and painting to ensure they are suitable for office use. These renovation costs are not expected to exceed AUD 2000. Four workstations and their associated computers, printers and stationary will be required for the Unit’s staff members. AUD 5000 should be allocated to provide for these costs. 

The costs associated with the expatriate consultant are likely to be the largest cost incurred during the Establishment Phase, however GEF PAS funding may be available for this assistance program. The Consultant estimates the costs for this consultant would be AUD 63,000 based on the following expenses:

· AUD 4000 for flights to Tuvalu 

· Three months  salary at AUD 4000 per week;

· 90 days per diems at AUD 199  per day

The Consultant recommends the RE&EE Unit staff are remunerated in line with current TEC pay scale. Based on this scale, approximately AUD 17,000 is required for the RE&EE Unit Manager (Level 5 on the TEC internal pay-scale) and AUD 15,000 for each of the three Project Officers (Level 6/7 on the TEC internal pay-scale). An allowance of AUD 2000 should be made for administration expenses such as power, phone, internet and stationery requirements.

A full summary of the budget requirements and their timing for the Establishment Phase can be found in Attachments I and J.

4.5 Barriers to Phase One Implementation

The Consultant suggests that TEC may encounter a number of barriers prior to the opening of the RE&EE Unit. In addition to possible RET barriers, the two other areas that may present the greatest cause for concern are institutional and legal barriers, which are described more fully below. 

A full assessment of RET barriers is provided in Attachment H. The UNEP RET assessment matrix “Barriers to renewable energy penetration; a framework for analysis” 
 is replicated as a benchmark against which Tuvalu’s situation is compared. The table provides an overall assessment of the various barriers that may be experienced during the implementation of RETs. A fourth column of the table has been added for the specific Tuvaluan context. 

4.5.1 Legal 

While the TEC Act does not specifically provide for the establishment of an RE&EE Unit, neither does it specifically preclude such an action. Article 7(b) of Part II of the Act authorises TEC to “take such others action as may be necessary to render and maintain the supply of electricity safe and efficient”. This sub-section of Act deals with the supply of electricity, so it can be interpreted that RE and EE activities are permissible on this basis if these activities lead to efficient supply. It is, however, difficult to conclude that the promotion of efficient consumption is provided by this sub-section, so this authority must be identified elsewhere in the Act. 

Section 21 of the Act deals with the commercial conduct of TEC. TEC is obliged to “conduct its business in accordance with prudent commercial principles and shall ensure so far as possible that its revenue is sufficient both to meet its expenditure properly changeable to revenue and derive a profit”. Simply, this means that TEC must recover all its costs of operation, fixed and variable and if the minimisation of these costs is necessary in order to produce a profit then the directors must consider this option. Section 21 provides TEC with the means to consider cost minimisation strategies such as displacing diesel with RET and EE initiatives. However, once again, it is less clear that Section 21 authorises demand side management initiatives. 

For guidance on provisions in the Act that might be interpreted as enabling the establishment of an RE&EE Unit which would then assist with reducing GHG emissions and in promoting energy efficiency initiatives at consumer level, consideration would need to be given to Articles 9 (c) (Additional Powers), 10 (Ministerial Directions) and 11(2) (Board). 

Notwithstanding the interpretation of the Act, it would be prudent for TEC’s Board to consult with the Minister  regarding the establishment of a RE&EE Unit. The Unit should be consistent with the Ministry of Energy’s policy directions and therefore comply with Article 10. Furthermore, this direction should then be translated into a Ministerial order to support the establishment of an RE&EE Unit within TEC thereby ensuring Article 9 (c) of the Act is followed. The draft mandate provided in Attachment A is intended to provide some guidance in this area. 

There is a potential area of conflict regarding the reassignment of EE and DSM activities from DOE to TEC. Currently the Tuvalu Electricity Corporation Act charges TEC with the goal of profitability through its operations. This objective will be compromised if TEC takes on EE activities that would require it to encourage customers to reduce their consumption. DSM activities such as educational and efficiency campaigns are designed to see a reduction in usage for TEC’s customers. These programs will see benefits for customers and the GOT, as the fuel subsidy decreases but will have an adverse affect on TEC’s sales figures. To resolve this conflict, the Consultant has prepared a draft legislative mandate outlining a proposed new directive from the Minister which would set fuel reduction targets as well as profit targets for TEC (refer Attachment A). If this directive is accepted, it would be TEC’s responsibility to achieve both of these goals with fuel reduction targets being achieved through a combination of RE implementation and EE initiatives. 

The Consultant has reviewed the Customs Act and the ‘prohibited and restricted items’ list therein. There is no mention in this legislation of any restrictions on the importation of equipment related to electricity or generation. As such, no legal barrier is anticipated in this regard. 

Whilst not barriers as such, Government taxes may be levied on the importation of RETs in the form of tariffs, sales taxes or import duties. However, historically donors have negotiated an exemption from tariffs for equipment related to Government projects. Additionally, a zero duty rating for duty possible for some categories of electricity generating equipment. Sales taxes (2.5% of the Free On Board value) and import levies (AUD 10 per cubic meter) also apply as standard. All three of these levies could be waived by the Minister of Finance as part of a donor funding package. 

4.5.2 Institutional 

The current institutional framework in the energy sector is ambiguous and therefore not conducive to achieving energy efficiencies in the energy sector. Currently the DOE has a significant role in the electricity sector from policy development to planning, implementation and monitoring. This structure limits the involvement of technical expertise in the early stages when appropriate and possibly alternative energy choices are being investigated. The role of TEC is further diminished when they are assigned responsibility for the implementation of a strategy that they had no part in formulating. If this structure is maintained a significant barrier to the implementation of RETs is foreseen.

In the past, the DOE has undertaken both planning and RE operational activities. These activities include supporting the 1995 off-grid solar panel initiative and the more recently, the introduction of biomass for cooking. This separation of responsibilities has left TEC to focus on traditional electricity operational activities (e.g. maintenance, billing, cash collection etc) even though the same technical and commercial skills are also needed to support the operations for off-grid RE projects.  The chronic shortage of RE skills in Tuvalu and the resulting failure of RE projects has inevitably led to RE consumers reverting back to diesel generated electricity use.  In the future, the Consultant recommends that TEC should undertake the implementation and operation of RE projects including maintenance and revenue collection whereby allowing DOE to focus on policy, liaison with donors, financing and monitoring activities. 

The role of TEC’s RE&EE Unit will therefore be to support DOE in becoming the leading proponent of the Government’s plan to substantially reduce oil fuel imports into Tuvalu by 2015.  The Unit’s activities are expected to be financially self-supporting using an initial up-front investment which will eventually eliminate the need for continuing Government  subsidies and focus on the promotion of RE projects.  Initial funding is expected to be in the form of grants and loans including equipment and services supplied by donors who are interested in helping Tuvalu establish its leadership as a Pacific Island country aiming to supply its energy needs from indigenous and renewable resources.

The strategy for establishing and operating the RE&EE Unit  is  designed to enable DOE to concentrate on policy planning and bilateral financing issues relating to project development with TEC to be responsible for construction, operations and maintenance.  The support of TEC for r off-grid activities may well result in the reduction of electricity sales in current markets where alternative fuels may be more efficient e.g. cooking with biogas. There may also be the potential for TEC to expand into new electricity markets including land transport e.g. by supporting the import and maintenance of battery operated vehicles as well as the alternate fuel supply market such as the manufacture and sales of bio-fuel.

In particular, (as previously mentioned in Section 6.2.2) the Consultant recommends the Outer Island and Distribution Departments are merged into one distribution department which should allow the release of a manager for the RE&EE Unit.  In addition, there is merit in merging the Administration and Finance departments into a singular Administration Department to release a suitable officer with financial skills for the RE&EE monitoring role. 

Implementation of Phase Two – Operationalising of the Unit.

4.6 Financial 

Once the Unit is established, the RE&EE Unit Manager will be responsible for preparing, in consultation with TEC’s management and board, a detailed five year project plan and budget proposal from which a Request for Funding would also result.  The theme of this request should take into account the considerable support Tuvalu has already been offered to reduce its dependency on fuel oil and highlight efforts by the GOT to be a Pacific Island leader in the RE&EE fields to reduce increasing energy costs and address environmental concerns. 

The request should be produced in a form acceptable to the IFIs explaining the rationale for the project, the objectives, project design, implementation arrangements, socio-economic justification and financing requirements. The design of the financing application should mirror the recently released Fisheries Masterplan where cash flows are expected to be available to support loan repayments.

The request should also note that although TEC is receiving significant support for PV projects, it is unlikely that these provisions alone will be adequate to meet all of Tuvalu’s energy needs. In fact, the Consultant understands that even if all these new PV investments come to fruition, there will be a need for electricity storage using various types of battery systems (e.g. flow-battery storage systems
) or in the form of fuel in tanks.  However since TEC already has made a significant commitment to diesel engine generation, with surplus diesel engine generating capacity located throughout the islands, the use of tanked fuel would be the optimum approach to managing storage in the short term. If TEC is unable to secure funds for electricity storage systems, then the RE unit should investigate the feasibility of investing in bio-fuel production using indigenous resources such as copra. This is not a small challenge because collecting copra requires a motivated and organised workforce.

This strategic plan outlined in the Request for Funding should identify the balance between front end investments and those investments (including financing requirements) for meeting medium term projects that will result in the gradual reduction of fuel subsidies This plan should include an assessment of the interests of other financing agencies including ADB, EIB, E8, NZAid/MED, and AUSAid) as to whether their ongoing projects could be redesigned to support RE&EE projects for meeting the social and environmental objectives defined in the National Energy Strategy e.g. productive uses of electricity for small business, lighting for schools, GHG reduction, pollution mitigation, poverty alleviation.

Currently all RE&EE donor funding originates with the DOE. If the Unit is to take over this role of securing donor funding then it is of utmost importance that the Unit Manager is involved in a careful and gradual transfer of these procedures from the DOE. If the transfer of these procedures is not well managed, the opportunity for potential funding for individual projects may be missed and, worse still; relationships with donors may be damaged. Additional detail of donor agencies and their specialities are tabled in Appendix J.

The proposed/discussed new Italian and potential Japanese aid projects require a significant input from the Tuvalu side but provide an unprecedented opportunity for the Unit to become established and participate in a program offering RE training and institutional development. TEC will need to ensure that their staffs are in a position to benefit from the experience of the consultants and contractors involved in the implementation of these projects. It is essential that the RE&EE Unit identify suitable TEC staff and arrange for appropriate training to build up a strong technical base for maintaining the new PV facilities being provided. The GEF PAS program is a potential source of funding for RE&EE training.

There are significant technical and operational challenges associated with the hybrid Diesel/PV installations, not the least learning about the technology to avoid being beholden to one manufacturer. It will therefore be necessary to monitor and assess the performance of the new PV installations and to make plans accordingly for investment in more of the same or complementary RE Technologies. Likewise TEC will also face new commercial challenges to avoid the tendency of consumers to assume that renewable energy is free. For the latter, DOE and TEC will need to address tariff and cash collection policies to ensure that at the very minimum, the tariffs cover the cost of TEC’s operation, maintenance and spares in addition to provision for a sinking fund to replace the equipment at the end of its operational life.

While it is true that specific fuel consumption increases with lower capacity outputs (particularly at the bottom end of the generational range) the decrease in efficiency at low loads for short times is not seen as a substantial issue from a financial viewpoint. TEC has considerable flexibility to alternate generators to suit load patterns using its significant inventory of 60kW and 100kW units in the Outer Islands and its additional set of generators in Funafuti to improve performance. 

4.7 Certified Emissions Reductions (CERs)

TEC is eligible, subject to meeting certain qualifying requirements, to financial benefits arising from the sale of carbon credits. The mechanism by which carbon credits are generated is defined very precisely under the UN Framework Convention on Climate Change (UNFCCC) as encompassed under the Kyoto Protocol, 2005.

The Kyoto Protocol has several different mechanisms that enable the trading of carbon credits however of particular relevance to Tuvalu is the Clean Development Mechanism (CDM). This is the mechanism whereby tradable carbon credits are awarded to projects, located in developing countries, to reduce greenhouse gas emissions and for agencies who have completed a formal approval process. These credits are known as Certified Emission Reductions (CERs).

The CDM is now well established and the numbers of credits being traded has grown rapidly.   In the first half of 2007 it is estimated that trading of credits reached an amount equivalent to 1.2 billion tones of carbon dioxide. Furthermore, it is estimated that CERs reached an amount of 370 Mt CO2e equal to USD 6 billion. It can be readily appreciated from these statistics that developing economies are quickly adopting this mechanism to assist in the financing of environmentally friendly energy projects such as building renewable energy power plants.

Pacific island countries are yet to benefit much from the trading of CERs as the expense of establishing the necessary regulatory environment to create carbon credits is very high. However, the CDM Executive Board in recognizing this major impediment has introduced the Small Scale CDM Project Activity (SCC CDM) as a mechanism for facilitating carbon trading (including carbon financing) in small economies. As with large projects, there is a well defined process by which small countries become eligible under the SCC CDM and these conditions are specified within the simplified modalities and procedure for small-scale clean development mechanism project activities including simplified baseline and monitoring methodologies as set out by the Executive Board of the CDM.

Implementation of the SCC CDM is not without its complications. Indeed, all Pacific island countries are facing similar challenges to those present in Tuvalu in progressing the necessary regulatory and compliance framework that would allow the country to trade its carbon credit entitlements. It is fundamentally important to create the enabling environment for accommodating pollution abatement energy projects before proceeding to the implementation of a carbon financing project. This is a costly process and can only be justified if the benefits out weigh the costs of putting in place the necessary pre-conditions for approval. The World Bank and ADB are presently studying this issue and both organizations are promising action on small scale CDM projects by early 2009. There is a lack of skilled practitioners in the field of CDMs and this is also having a big impact on the speed of adoption of CDM opportunities in the Pacific. The World Bank is promoting the need for more attention on SSC CDM at a Pacific donors meeting on the 29 August 2008 and this action will hopefully win support from the major regional donors in speeding up this significant opportunity. The World Bank is envisaging the drafting of a master agreement covering SCC CDM in the Pacific thereby reducing time and expense in registering new projects under this initiative. The Consultant plans to keep abreast of these developments and is willing to share its views with interested parties on request. We are also willing to discuss alternative approaches on how Tuvalu can more speedily benefit from the availability of carbon credits through the involvement of regional donors to the Pacific.

It is important to realize that carbon credits can arise from a variety of sources. These include:

· Substituting  fossil fuel for renewable energy sources such as biomass/PV;

· Improving the efficiency of fossil fuel electricity generators;

· Introducing  mechanical power sources such as windmills, wind power generators and wave power;

· Improving the distribution efficiencies of the grid; and,  

· Improve the demand side by introducing energy conservation measures such as energy efficient lighting.

To avail of the benefits arising from these different approaches for reducing Tuvalu’s dependency on fossil fuels will require the establishment of baseline data and then the monitoring of the changes from this baseline upon the introduction of any of the measures mentioned above. The methodology for this process is set out in the SCC CDM guidelines.

4.8 Strategic Plan Development

The Strategic Plan is focused on the creation of two divisions (EE & RE) with the mandate to implement EE initiatives and RE activities designed to achieve the savings highlighted above. Whilst current research into RE&EE initiatives in Tuvalu are still in their infancy, it is projected that with a combination of EE initiatives to reduce losses and RE projects to offset diesel generation, annual fuel consumption could potentially reduce to 165,000 litres per annum by 2018. This would amount to total displacement of over 5.7 million litres over the decade from 2009-2018 at a saving to TEC (and consumers) of AUD 11.6m at current fuel prices. Obviously this saving would be larger if fuel prices continue to rise. Total carbon emission reductions over this time would be equal to 16,300 tonnes. These figures are meant as an initial guide only and are indicative of initial feasibility results, testing and pilot projects where applicable. One of the primary functions of the Unit will be to continue to evaluate the viability of these alternatives and the potential that each has to displace diesel consumption.

The priorities suggested, in terms of the implementation schedule, are designed to capture the immediate benefits of the EE initiatives which are calculated to be in the order of 540,000 kWhs per annum. The second driver of fuel reductions is set out in the RE Unit Strategic Plan (Section 7.5). These activities will provide greater fuel savings but will take longer to implement.

4.9 EE Unit Activities

The objective of the Masterplan for the EE Division is to help reduce TEC’s reliance on fuel-oil imports through energy efficiency measures. The EE Unit should divide its activities into two parts; a Loss Reduction Program (LRP) and a Demand Side Management (DSM) program. Both of these initiatives should work towards the shared objective of ‘negawatts’, a term defining investment to reduce electricity demand instead of investing to increase electricity generation capacity.

TEC’s station use of 3.5% of gross generation is considerably higher than the industry average of 2%. The Masterplan identifies the goal of station usage achieving the 2% mark in 2012. By maintaining this standard, TEC would save over 820,000 kWh over the next ten years. This saving would be equal to a reduction on approximately 220,000 litres of diesel required, a saving of over AUD450,000 pa at today’s prices. 

TEC’s currently has network losses of 11.25% of energy sent out. This figure is almost double the industry standard and results in considerable amounts of diesel having to be consumed unnecessarily. If TEC can reduce its network losses to 6% by 2012 and maintain this level it will save generation of over 2.7 million kWhs over the next ten years resulting in a saving of almost 740,000 litres of diesel. These loss reduction measures will save TEC over AUD1.5 million at today’s diesel prices. 

The second part of the EE Unit Strategic plan concerns DSM initiatives. TEC will facilitate educational campaigns to inform corporate clients and households on methods to reduce their energy consumption which are further detailed in Section 6.4.1.2.
4.9.1 Loss Reduction Program

The objective of the LRP division of the Unit is to see station and network losses reduced to internationally acceptable levels. With brand new plant and an underground 11kW distribution in Funafuti, TEC should be able to realise station usage levels of no more than 2% of gross generation and network losses of 6% of electricity sent out. A series of gradual improvements to achieve these targets are proposed and are illustrated in Figures 4  and 5.

It should be noted that station offices are not metered and station usage is taken before to ‘Electricity Sent Out’ meters, so the real level of station usage is not known. TEC’s Funafuti offices are all powered through un-metered electricity providing no understanding of current office usage levels and therefore offering little incentive to decrease consumption. The installation of a meter measuring electricity drawn for office use will solve this issue and provide a more accurate impression of actual station usage.

The LRP will commence in August 2008 with the arrival of the consultants (Empower) funded by the New Zealand Government. Given the proposed timing for the Establishment Phase there is an opportunity for the Unit to be an active participant in the study and implementation of the consultant’s recommendations. In particular TEC will be responsible for supplying counterpart support including access to its GIS database, billing systems and O&M personnel as necessary to implement the consultant’s recommendations. The project is primarily designed to reduce losses in TEC networks through improved metering, rebalancing phases, power factor data collection and improved collections. 

LRP Cost/Benefit
The costs associated with this LRP will be known at the conclusion of the Empower study in late 2008. By reducing station usage to 2% and network losses to 6% as per the timetable outlined in the Masterplan a total of 113,000 kWh will be saved in 2009 increasing to 380,000 in 2018. This saving will result in financial benefits of AUD 62,000 in 2009 through reduced fuel consumption increasing to 208,000 in 2018 (calculated assuming real 2008 diesel prices). 

In addition to these fiscal savings, 2,400 tonnes of carbon dioxide will be abated. 

4.9.2 Demand Side Management Program

The objective of the DSM program is to offset diesel consumption through initiatives to decrease demand for electricity and hence decrease non-RET generation. The impact of DSM projects is far harder to estimate than RET installations with the often unpredictable nature in the rates of public uptake for new technologies and concepts. While the actual success rates of DSM initiatives are not known, it is anticipated that the Unit through CEEOs can decrease demand for electricity by 4% by the year 2018 at a constant rate of improvement of 0.4% of total demand per annum..

TEC’s DSM program should take four approaches as follows;

· First, large users should be targeted with schemes such as those suggested below, aimed at achieving greater levels of efficiency and as a result, less wastage in their electricity consumption. An investigation of DSM opportunities for existing large users would be carried out by the CEEOs. Such measures could include the Tuvalu Co-operative Society and GOT agencies investigating options for reducing their energy consumption. Building a PV facility over the top of refrigerated containers or on the roof of Government buildings to ensure the maximum output of PV is available when the cooling/refrigeration units are working hardest would provide a very effective way of providing PV power when it is needed. These projects could be implemented in consultation with the Japanese and Italian donors to identify optimum locations for PV installations

· Secondly, educational campaigns aimed at larger groups of smaller users should be employed to see more efficient use of electricity within homes and businesses. This involves CEEOs developing and implementing a public educational campaign to encourage energy efficiency initiatives. Information or subsidies on products such as energy efficient light bulbs and appliances can have a significant effect on both commercial and domestic client’s levels of energy usage. 

· Thirdly, there are a large number of batteries throughout Tuvalu, many of which may still have a useful life. There may be an opportunity for TEC to offer a central battery servicing facility located in existing power plant compounds to encourage their greater use in potential grid storage applications. A potential application could be the use of imported golf carts as a means of local transport which is possible in V2G applications
. The carts could be charged during the day when PV or wind power is available and discharged at night or when there is no wind. In the medium term as new battery or fuel cell systems are developed
 flow battery systems are likely be commercially available for small island power systems. There may be an opportunity for TEC to contact CIDA (Canadian Aid) which places significant focus on testing the viability of new flow-battery products being developed by VRB Power systems
 with the aim of offering Tuvalu as an island site for pilot project. 

· Fourthly, it is proposed that the Unit should take an active interest in supporting RE projects that have been developed by others e.g. by Alofa Tuvalu regardless of their size and apparent viability. This approach is necessary to convince future donors that funding or technical assistance efforts invested will not be wasted by the lack of local institutional support. In particular the 2007 piggeries biogas project and the solar homes project should be investigated to see how TEC might support these projects where it is practical and profitable to do so. For example the Unit could review the status of the off-grid solar PV units many of which are no longer in service. These could be purchased from their owners at nominal cost and aggregated in one location to feed back through a single inverter into the power system. This would be a similar facility to the new Japanese facility in Funafuti and demonstrate TEC’s commitment to RE projects.

DSM Cost/Benefit

As TEC has a very low connections-per-employee ratio it would be beneficial for surplus staff to be reassigned to CEEO roles. As each CEEO would be responsible for 150 households (organised by transformer), Fogafale would require five officers for residential connections and one for commercial and government clients. Each of the seven outer islands would require one additional officer, with Vaitupu potentially requiring two. If staff were then able to be reallocated to more productive uses within TEC there would be a net-zero staffing cost to the organization. 

Educational campaign material (booklets, leaflets etc) for each of TEC’s 1000 connections is estimated to cost approximately AUD 4000 per annum to design and print. 

Whilst the scheme is effectively aimed at decreasing TEC’s revenues, the unfavourable state of TEC’s collections rate means that revenues will ultimately be unaffected.  As such, cash flow is likely to increase as expenditure on diesel reduces. At the levels outlined above, fuel savings will be in the vicinity of AUD 12,000 in 2009, increasing to AUD 109,000 in 2018. In addition to these fiscal savings, 808 tonnes of carbon dioxide will be abated. 

RE Unit Activities

The Masterplan of the RE&EE Unit sees TEC working towards four key outputs. The first of these should be solar PV installations and the generation from these systems. The second output is wind turbines and the subsequent generation. The third is biodiesel manufacturing plants and the kWhs generated from these plants. The final output would be any developments from RETs and their associated generation which are currently commercial unviable but may become technically and financially feasible in future years. 

4.9.3 Solar

The Masterplan for solar development could see PV systems reduce TEC’s diesel fuel consumption by 483,000 litres per annum by 2018. The Unit should target the installation of another 1MW of Solar PV units to be operational by 2018 (including the 530KW which is proposed under the Italian and Japanese programs). The Masterplan has made an assumption that a second 40kW PV is installed in 2009, with an additional two being installed each year thereafter until 2014 and a further three units each year until 2018. These installations would be very dependent on the ability of the Unit to secure donor funding and on the uptake of other lower cost RE technologies e.g. wind. 

Current data from the first 40kW installation on the Funafuti sports stand roof shows expected generation of around 65,000kWh per annum. This figure equals an average efficiency of 19% for 12 hours per day. If the same performance was achieved by the additional installations then total output of 1.8 million kWh per annum could be expected. At current levels of diesel generation efficiencies this would displace 483,000 litres of diesel per annum in 2018 at a saving, in today’s prices of AUD 980,000. 

The solar division of the RE Unit would be responsible for the identification of sites, planning, development and ongoing O&M of all solar projects. The Italian Vaitupu project and the proposed USD8 million Japanese PV Project would be the first of these.  The Consultant understands the DOE has undertaken the initial planning of these projects and it is recommended the relevant DOE staff are transferred to the RE&EE Unit (as discussed in Section Six).  By transferring these roles to the Unit it would allow the Unit greater technical involvement in the earlier stages of the project’s implementation. While the current status of this project is not known, it is foreseen that the solar division would continue with the planning and implementation of these two projects until their completion.

Once these projects have been completed the solar division of the RE Unit will need to work with the DOE to source additional funding for future installations. A survey of potential locations for these additional sites would also need to be undertaken. 

During initial years, the Consultant recommends the Unit may require additional outside technical assistance, particularly for the installation of each project. The ongoing on-site training that the TEC generation engineers could receive through working with overseas engineers would result in their continual RET up-skilling and (in addition to these extra training measures outlined in Section Six) their ability to potentially bear more responsibility for future installations would be evident. While most of the skills involve for the installation and maintenance of solar panels can be undertaken by qualified electricians it will be necessary to ensure that TEC has sufficient resources available to travel to remote islands at short notice. Because the PV injection panels would be a significant contributor to the Outer Island power systems, the potential for failures due to problems or lack of spares for controllers, inverters and the like would need to be closely monitored.  

Cost-Benefit of PV generation

is the Consultant has assumed that within the Masterplan capital costs associated with solar PV installations (as also with wind RET) are not borne by TEC. Given TEC’s restricted cash flow position and the relative abundance of donor funding, the Consultant does not recommend  that TEC borrow to finance RET installations.TEC has good and established relationships with both the Japanese and Italian governments and additional donor agreements for additional installations (in addition to the projects planned for 2009/2010) from 2014-2018 have real merit. Over the duration of the Masterplan PV systems in Tuvalu have the potential to offset 2.4 million litres of diesel in line with the implementation assumptions as outlined above. This displacement would abate over 6,000 tonnes of carbon dioxide emissions

4.9.4 Wind

It is suggested that the wind division of the RE Unit be responsible for reducing TEC’s reliance on fuel-oil imports by 700,000 litres pa by 2018. This would be achieved through a target of having 640 kW of wind turbines installed and operational by 2018. Additional data from the ongoing wind testing is required but if turbines were operational for 7 hours per day, generation of around 1.6M kWh per annum could be expected by 2018. At current diesel generation levels this would displace 450,000 litres of diesel per annum in 2018 at a saving (in today’s prices) of over AUD 900,000.

The Consultant has reviewed the full data set from the TEC wind testing station on Funafuti. Average wind speeds of 5.3m/s, whilst not strong, should be sufficient for wind generation of significant contribution. A relatively low standard deviation of 0.84 m/s applies to the average interval reading. Assuming a normal distribution of wind-flows, 68% of intervals could be expected to fall between 4.5 and 6.1 m/s. It is the understanding of the Consultant that SOPAC, the technical agency responsible for the testing station, will conduct further assessments to further verify the feasibility and design of a wind turbine. 

The Wind unit should be responsible for carrying out additional testing on the current testing site to ensure the feasibility of such an installation. Once sufficient data has been gathered to make a decision on the most appropriate turbine the Unit can begin to source donor funding for the capital costs associated with its installation. Interaction between the wind division of the Unit and the generation department of TEC would be necessary to see these projects implemented. 

Cost-Benefit of Wind generation

It is an assumption of the Masterplan that the capital costs associated with Wind installations (as also with wind RET) are not borne by TEC (due to TEC’s previously mentioned restricted cash flow position and the relative abundance of donor funding). Over the duration of the Masterplan Wind systems in Tuvalu have the potential to offset 2 million litres of diesel in line with the implementation assumptions as outlined above. This displacement would abate over 5,200 tonnes of carbon dioxide emissions

4.9.5 Bio-fuel

It is proposed that the feasibility of a bio-diesel production facility be further investigated with the aim of reducing TEC’s reliance on fuel-oil imports by 175,000 litres per year in 2018. For this to occur, 50 tonnes of bio-diesel raw material would need to be harvested and processed in 2011, with this amount increasing each year until 2015 when planned production is projected to reach 700 tonnes per annum. 

Various options are available to TEC concerning whether they grow and harvest their own Jatropha plants and seeds as opposed to offering to purchase such seeds of Jatropha growing farmers. Given Tuvalu’s relatively restrictive land ownership environment, the latter may be favoured. Rates for the purchase of Jatropha seeds average around AUD 40c per kg. At these levels the raw materials for the production of a litre of biodiesel would be less that AUD1, with the added benefit of all revenues remaining in Tuvalu. 

Of particular interest to TEC could be the development of Jatropha plantations to enhance local capability in the production of biodiesel
. This plant grows well in poor soil conditions and is expected to do well in Tuvalu possibly growing along side existing coconut trees. Jatropha biodiesel is used in many countries including Mali, Ghana and Tonga and it has been shown to be much better than coconut and palm oil when fired in diesel engines, providing trouble free performance. Additionally, seeds for oil extraction are produced only one year after planting. 

Image One – Jatropha plant in a Mali plantation  
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One hectare of Jatropha plants yields approximately 7 tonnes of seeds per annum. The oil from 4kg of pressed seeds is required to make 1 litre of biodiesel. 
. To produce 700 tonnes of bio-diesel per annum from Jatropha, 100 hectares of land (3.9% of Tuvalu’s total land mass) would be required. As land is scarce on Funafuti, at this stage it seems logical to investigate the feasibility of promoting the growing of Jatropha on the outer islands with TEC having either biodiesel production plants on one or two of the outer islands or having all the seeds shipped back to Funafuti on the return leg of the fortnightly transport ship service. As the majority of the ships freight is directed from Funafuti to the outer islands the logistics of this exercise look probable. As discussed in Section Six there is also the potential that the outer islands work towards becoming 100% diesel independent through a combination of wind/solar generation and having battery/bio-diesel provision during low light/wind situations. 

It is recommended that the Tuvalu Copra Trading Cooperative (TCTC) becoming involved in the Jatropha industry be investigated. During times of high copra prices the TCTC was the most successful copra cooperative in the Pacific Islands but as international prices fell so did the traded volumes and the TCTC eventually ceased trading. What was evident from this phase in Tuvalu’s history is that the TCTC has the ability to motivate farmers to grow and harvest a product and for that product to be brought to market. Such logistics will be essential to any bio-diesel operation. Give the record high prices of diesel, the value of Jatropha as the raw material for a direct substitute has also risen. 

Since it will be essential to involve local landowners in a program to grow biodiesel crops (e.g. copra or Jatropha) some consideration must be given to gaining their confidence in making the necessary investment in farming. This may involve initial front end funding to support farmers in the replanting of the existing stock of coconut trees with newer plants that have the potential for increased bio fuel production from smaller otherwise less productive land areas. This exercise is likely to be of interest to aid agencies working in the field of carbon financing. The Consultant can provide further information on this financing option if requested. 

Due to the sudden price decrease of copra in the late 1990’s, there may be some scepticism amongst farmers who may potentially supply Jatropha seeds. These farmers were severely affected when the price fell with income levels following. When trading ceased completely, so did their copra related income. It may be necessary for the GOT or TEC to guarantee payments to famers a sufficient amount to ensure a constant supply of copra or Jatropha feedstock.  Any drastic decrease in the world price of oil or in the capital cost of RETs would result the value of Jatropha seeds also falling. 
Because Tuvalu’s technical and financial resources are limited, TEC will therefore also need to work with other Government departments (primarily Finance, Energy, Agriculture, and Marine) to establish an indigenous bio-fuel development project to displace imported fuel and thereby conserving significant amounts of foreign currency. As the principal fuel importer (approximately 55%) and potential beneficiary it is also proposed that TEC assume the lead role in developing bio-fuel production projects supported by other major fuel consumers including the Marine department (approximately 25% of diesel consumption), Fisheries (approximately 10%). This is because TEC is the only major organisation in Tuvalu with the capability of training and maintaining a skill base to manage and operate a bio-fuel manufacturing facility. More importantly TEC needs to ensure that the quality of local bio-fuel production Does not degrade the performance of its generators.  

4.9.6 Other RE Technologies

The only RETs that have potential for further feasibility study and application in Tuvalu are Solar PV, Wind and Bio-diesel. Exciting initiatives are underway in the development of both tidal and wave powered generation and if the technologies progress sufficiently then these could have significant potential for application in Tuvalu. At this time however it is recommended that Tuvalu focus on the most advanced, most viable, and most applicable technologies on the market and to monitor the progress of the newer technologies that are currently being developed. The Unit will need to continually monitor such developments to stay abreast of the latest technology.

4.10 Operational Barriers

4.10.1 Financial 

TEC’s significant short-term cash-flow deficit is affecting working capital and hindering its longer term capacity to invest in new renewable capacity. The GOT does not have the equity to fund further developments either. Therefore, external finance is needed to underpin further investment. This, however, presents two additional barriers (i) the high cost of capital and (ii) the lack of access to capital. Bank interest rates for all lending in Tuvalu are currently 13% and the domestic capital market is essentially limited to the National Bank of Tuvalu.

Additionally, TEC faces major internal funding issues for any planned capital expansion. Even the current high tariffs are not resulting in a breakeven scenario for TEC, let alone providing it with the ability to allocate funds for future investment. As a stand alone entity, TEC is left in a ‘catch 22’ situation. Meeting the high cost of diesel has left TEC unable to set aside revenues to fund the RET projects that would assist in offsetting diesel. If it was able to offset diesel consumption it would be able reduce its diesel expenditure, allowing more revenue to be allocated to projects to offset additional diesel and so on.

Consequently, a continuation of the current DOE strategy of acquiring donor funding for RET implementation is recommended. Substantial commitments from the Japanese and Italian governments are already in place and there are other good indications of a willingness on the part of the international community to assist nations such as Tuvalu in its progression towards more sustainable energy markets. 

4.10.2 Technical 

TEC is expected to face an RE&EE skills shortage as it ramps up efforts in this area so it is proposed that TEC and TMTI (Tuvalu Maritime Training Institute) expand the existing training school at Amatuku. This unit could provide the training on mechanical and electrical maintenance skills needed by TEC staff to maintain RE installations and the biodiesel production plant. The school has recently been reinstated under an ADB loan. Its focus is mainly to support maritime seamen/officer training requirements and has also received a small amount of assistance from Alofa Tuvalu to support RE activities. The school has buildings with mechanical facilities (e.g. lathes etc) which could be used to provide both TEC and the maritime industry with technical skills appropriate to their respective operations. For this purpose it is anticipated that TEC could provide electrical and mechanical equipment e.g. stripped down diesel units, fuel handling plant and part time trainers as part of its contribution to the project.

As Tuvalu expands into additional RET projects, TEC will have additional requirements for appropriately qualified technical personnel. A current lack of such engineers is apparent with TEC already employing the vast majority of technical expertise across Tuvalu. This lack of human resources results in a substantial barrier to the implementation and ongoing operations of RETs in Tuvalu.

An additional lack of technical expertise is also perceived on an agricultural/entrepreneurial level. If TEC is to develop a sustainable biodiesel operation then it will require a constant delivery of raw material. A lack of human resources to grow, harvest and deliver such product is foreseen, creating a substantial barrier to successful RET implementation. 

4.10.2.1 Training Need Assessment (TNA)

An assessment of the required training for proposed TEC staff was undertaken during the field mission to assist capability/capacity building within the Unit. Whilst, at this early stage, the General Manager of TEC has not identified a potential RE&EE Unit Manager nor his staff, some obvious training needs are evident. Further TNA will need to occur once staff have been hired for each position. 

RE&EE Unit Manager

Of utmost importance, it is recommended that that Department Manager engages with other Pacific Island RE&EE Managers in order to gain better experience in the operation of an RE&EE Unit.  This interaction, whether it be face-to-face or through telephone/email contact is essential in order to better equip them with a greater understanding of their role and expectations. Regional conferences on RE&EE related topics will provide the Manager with both technical knowledge and relational guidance whereby the past successes and failures of other RE&EE Units can be shared and learnt from.

The Manager should also stay updated on the latest technologies and trends in RE&EE through regional training courses. Subscriptions to journals/publications would also assist in keeping the Manager abreast of the latest developments.

Electrical Engineer

As PV is a relatively new technology to Tuvalu, measures should be taken to give the Unit’s Electrical Engineer detailed experience with PV systems and those more familiar with them. Given the relationship with the Italian and Japanese Governments and their associated implementing firms, the possibility of the Unit’s Electrical Engineer engaging in PV training in Japan or Italy should be explored. Alternatively, regional based training in the Pacific should be explored. 

Mechanical Engineer 

Given Tuvalu’s relative inexperience with both wind and bio-diesel, outside training in these fields for the Unit’s Mechanical Engineer should be explored. Alternatively, importing external knowledge through experts visiting the Unit would also provide great assistance. A successful bio-diesel operation is in existence in the Solomon Islands and a visit to this plant followed by some degree of Consultancy from the Solomon Island manager would be of great benefit. 

5 Monitoring and Evaluation 

Given the essentiality of the success of the RE&EE Unit both to TEC (to stem its financial losses), the GOT (to stop the requirement for operational subsidies to TEC) and the people of Tuvalu (to see lower electricity prices passed on to consumers), diligent monitoring and evaluation (M&E) is of key importance. 

Whilst the M&E of Phase One is relatively straight forward, three layers of M&E will be applied to Phase Two. The RE&EE Unit will be assessed from the vantage point of;

· Internal monitoring by Unit staff and Unit management;

· External monitoring of the Unit by TEC Management; and,

· Consequential monitoring of the Unit by assessing its impact on other, related TEC departments.

5.1 Phase One Monitoring & Evaluation

Seven key goals have been established for the establishment of the Unit in Phase One. These goals relate to the tasks outlined in Section Six regarding implementation. They are;

· Signed employment contract between TEC and the Department Manager to lead the establishment phase;

· Signed consultancy contract between TEC and the expatriate consultant to advise and support  in the establishment phase;

· Signed employment contract between TEC and the RE&EE Operational Officer ;

· Signed employment contract between TEC and the RE&EE Electrical Engineer ; 

· Signed employment contract between TEC and the RE&EE Mechanical Engineer;

· Completion of RE&EE office renovation and fit-out;

· Purchase and installation of office equipment as detailed in Section Six. 

5.2 Phase Two Monitoring & Evaluation

5.2.1 TEC Managerial Evaluation 

Overall evaluation of the Unit would be the responsibility of TEC’s General Manager. As the core objective of the Unit is to displace diesel, it is recommended that [two] key performance indicators (KPIs) be monitored on a monthly basis to provide an assessment as to the success and impact of the Unit. Section 7.1.1 outlines a total diesel consumed KPI and Section 7.1.2 outlines a diesel consumption to energy sales ratio.

5.2.1.1 Total Imported Diesel Consumption Levels
The first evaluation indicator; total diesel consumption statistics will assist the DOE in evaluating fuel switching and efficiency strategies. TEC currently consumes 1,700,000 litres of diesel per annum. By adopting the RET and EE strategies outlined in Section Six TEC could potentially reduce its imported fuel consumption to 600,000 litres per annum. Figure Fourteen provides annual imported fuel targets for TEC to achieve through the installation of RET and EE initiatives. 

A reduction in diesel consumption is the overall goal of the Unit but any increases in overall energy demand (due to population growth, an increase in industry use) will, in turn, erase any RET or EE gains. As a result, additional assessment methods are also needed to quantify these gains. 

5.2.1.2 Imported Diesel Consumed: Energy Sales Ratio
The second evaluation indictor will provide a ratio between total energy sold (kWh) and the amount of imported diesel used (litres). For the first six months of 2008 energy sales of 2,013,803 kWh were recorded on Funafuti. During the same period 634,348 litres of diesel were consumed equating to a ratio of 0.315 litres per kWh sold. Up to date statistics were not available for outer island generation and sales, however, as the generators are running with lower loads, the efficiency of these outer island generators is likely to be less. 

As stated above, through the adoption of the RET and EE strategies outlined in Section Six TEC could potentially reduce its imported fuel consumption to 600,000 litres per annum. Though DSM initiatives there will be a decrease in the Energy Sales figure (and thus theoretically increase the ratio) they will also lessen the requirement for generation of kWhs. Given that TEC will incorporate prudent generation methods, it is logical that they operate on a ‘least cost generation schedule’. The implication of this is that as demand falls, the generation method with the most expensive short run marginal cost will be disengaged first. For example, if a new DSM measure reduces total demand by 1%, the relatively expensive diesel generation will be abated during times of sunlight/windy conditions or when solar/wind storage batteries have adequate capacity. This would lead to assets being stranded to some degree, but this capital inefficiency trade-off would meet the objectives of the Study by maximising operation efficiency and sustainability. 

5.2.1.3 Solar specific monitoring and evaluation

The Unit’s Electrical Engineer should be responsible for assessing whether the expected outputs of each solar PV installation are being met. Current output from the Funafuti sports-ground installation provide a good benchmark of 65,500 kWh per annum or average daily output of 179kWh. Each additional installation (of 40kW capacity) should be measured against this target (or its equivalent). 

The Unit Manager and Electrical Engineer also bear responsibility for kW installed as per the Masterplan targets below;

	Year
	40 kW (or equivalent) Installations

	2009
	2

	2010
	4

	2011
	6

	2012
	8

	2013
	10

	2014
	14

	2015
	17

	2016
	20

	2017
	23

	2018
	27


5.2.1.4 Wind specific monitoring and evaluation

The Unit’s Mechanical Engineer should be responsible for assessing whether the expected output of each turbine is being met. A benchmark of 102,000 kWh per annum has been set, based on the assumptions of a 40kW turbine operating for 7 hours per day.  Each additional installation (of 40kW capacity) should be measured against this target (or its equivalent). 

The Unit Manager and Electrical Engineer also bear responsibility for kW installed as per the Masterplan targets below;

	Year
	40 kW (or equivalent) Installations

	2009
	0

	2010
	1

	2011
	2

	2012
	4

	2013
	6

	2014
	8

	2015
	10

	2016
	12

	2017
	14

	2018
	16


5.2.1.5 Biodiesel specific monitoring and evaluation

The Unit’s Mechanical Engineer should be responsible for assessing whether the outputs associated with the Bio-Diesel have been met. Given the long lead times from planting to harvesting (three years till maturity) careful planning and monitoring of progress at the early stages is essential. 

Early work will also need to be invested into supply arrangements with growers, transport/distribution to the processing facility and construction of the processing/esterfication plant. The table below outlines the eight aspects of the Jatropha bio-diesel process and the associated targets for each aspect for each year. 
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2008 -              -              -              -              -              -              -              -             

2009 3                 7,737          -              -              -              -              -              -             

2010 3                 7,737          -              -              -              -              -              -             

2011 6                 15,473        7,737          3                 31               11               12,500        45,805       

2012 6                 15,473        15,473        6                 62               23               25,000        91,610       

2013 6                 15,473        30,946        12               124             46               50,001        183,220     

2014 6                 15,473        46,420        19               186             69               75,001        274,830     

2015 6                 15,473        61,893        25               248             92               100,001      366,440     

2016 6                 15,473        77,366        31               309             115             125,002      458,050     

2017 -              -              92,839        37               371             137             150,002      549,659     

2018 -              -              108,312      43               433             160             175,002      641,269     


5.2.2 Departmental Evaluation

Internal evaluation processes by the RE&EE Unit will also be core to the success of the Unit. As the Unit strives towards the objective of decreasing diesel consumption, additional self evaluations will be necessary to see the fulfilment of the two outputs stated in Section 7.1.1 and Section 7.1.2. It is recommended that operational staff from the Unit prepare Implementation Completion Reports (ICRs) upon each completed stage of the project. These reports will allow the Unit Manager and TEC’s General Manager to rate project stage performance and to identify areas that show potential for future learning (as a result of performances particularly above or below expectations).

Regular monthly KPIs for internal assessment within TEC will provide both the Unit Manager and the General Manager with up-to-date information on the impact the Unit is having and where additional focus may be necessary. It is recommended that initial weekly meetings between the Unit Manager and his team be held to ensure clear and constant updates during the first six months of the Unit’s operation, and then have regular meetings thereafter. During this time, the Unit Manager should also be engaged in regular weekly meetings with the TEC General Manager.
In addition to the Unit staff also monitoring the KPIs listed in Section 7.1.1 and Section 7.1.2, two additional KPIs should be monitored in-house in conjunction with the distribution and generation departments, these being electrical network losses and solar/wind capacity factors. 

5.2.2.1 Electrical Network Losses (%) 

With adequate metering technical and commercial losses are easy to measure and will provide the best indicator of TEC’s performance in the supply of electricity. Current losses are around 12% giving considerable room for improvement to reach a target of 6% under the proposed LRP. Technical losses should be derived from the kWh sold (as recorded in the billing system) divided by the net kWh sent out from the power station. As mentioned, any internal use by TEC for offices should be included in the sold energy data. 

5.2.2.2 Solar and Wind Capacity Factors (%) 

This data is needed to demonstrate the economic viability of these RE applications and to facilitate appropriate plant sizing to match system demand. The data should be based on the output kWh of each unit divided by its rated capacity times 8760 hours/year. It should be used instead of the average speed which does not provide an adequate measure of RE performance.  It is also useful to track the load duration characteristic to determine the percent of time the unit operates at various intermediate loads.   

5.2.3 Consequential monitoring 

Whilst the RE&EE Unit will not be directly responsible for seeing improvements in other TEC departments, it is expected that its operation will have impacts nonetheless. This section details the potential impacts on other TEC departments and the associated M&E procedures necessary to gauge such impacts. 

5.2.3.1 Generation Efficiencies

As discussed in Section 7.1, the Consultant is not of the opinion that the reduction in diesel generation will have a significant impact on generation efficiencies in terms of litres of diesel required per kWh produced. Currently TEC’s diesel generators require 0.2729 litres per kWh. This figure should be closely monitored in any instance. 

5.2.3.2 Diesel displacement of the Generation department

The diesel generation department within TEC will need to work closely with the RE&EE Unit Manager in order to budget, plan and purchase effectively. When significant projects (such as a new PV installation) come on stream they will have substantial impacts upon the fuel and labor requirements of effected departments and these changes need to be communicated effectively. 

5.2.3.3 Collections ratio of the Administration department. 

Whilst there can be no guarantee of the being positively effected by the RE&EE Unit there is possibility for such an impact. Given that the high diesel dependency is the primary reason for TEC’s high tariff (and consequently, the high tariff is partially responsible for TEC’s poor collections rate) an increased in the collections rate could be reasonably expected if tariffs were to be lowered in reflection of the lowered cost of generation. 

Attachment A – Draft Mandate/Policy Directive

T

[Policy Direction to the Tuvalu electricty corporation]

LN: [xx/yyyy]

GOVERNMENTOF TUVALU  - Laws OF TUVALU (Cap. 41)
Commencement [Date, 2008]

IN EXERCISE of the power conferred by Chapter 41 of the Laws of Tuvalu, and in accordance with the decision taken by the Cabinet at its meeting held on [Date, 2008], the Cabinet hereby issues the following policy direction to the Tuvalu Electricity Corporation: —

The TEC shall by [ ] produce a renewable energy and energy efficiency plan, setting out how it shall comply with this order. Upon approval of that plan, TEC shall be obliged to meet the following annual target. 

Tuvalu Electricity Company (TEC) shall be obligated to purchase no more that 97%
 of the previous financial year’s fuel purchases in 2009/2010, 93% for 2011-2013 and  88% each financial year thereafter. TEC shall be responsible for ensuring full electrical provision as demanded through implementing renewable energy and energy efficiency initiatives.

This policy direction authorises TEC to establish a renewable energy and energy efficiency Unit (the Unit) to facilitate renewable energy and energy efficiency activities to achieve the above objective. The Unit shall be responsible for all generation planning and implementation of policy as set out by the DOE. Such implementation will be monitored and evaluated by the DOE.”

The above policy direction shall be deemed to have come into effect as from [Date, 2008]. 

Made at Funafuti this [Date day of Month 2008]. 

Attachment B - Legal Assessment
While setting up an RE&EE Unit is a financially and environmentally sound initiative, the legislative framework needs to accommodate such an action if it is to have a legal basis. Consequently, this attachment provides an assessment of the Tuvalu Electricity Corporation Act to determine if the establishment of a Unit within TEC is permitted and consistent with TEC’s mandate. Historically the DOE has performed some roles that are more usually undertaken by the Power  Utility such as expansion planning and procurement. Therefore, additional legislation relevant to the DOE’s activities has been assessed in this attachment to ensure no duplication between a Unit and the DOE. 

The Consultant notes that it is a financial and economic advisory firm and is not qualified as a legal firm and has not had the benefit of legal advice in the development of this part of the report. The legal assessment is therefore a review of its interpretation of the legal environment in Tuvalu as it affects TEC and the possible RE&EE Unit. 

Interpretation of the TEC Act

The Consultant understands that the “Electricity Act” was repealed by the Tuvalu Government in December 1990 (see Section 37 of Chapter 41) Now the core legislation relating to the provision of electricity in Tuvalu is the ‘Electricity Act’ of the Laws of Tuvalu titled “Tuvalu Electricity Corporation”. This sets out the provisions relating to “the establishment and incorporation of TEC; and for connected purposes”. These provisions are set out in several parts to deal with the ‘Establishment, Functions and Powers’, the ‘Board Management and Employees’, and ‘Financial Provisions’.

While the TEC Act Does not specifically provide for the establishment of an RE&EE Unit nor is such an action specifically precluded. Article 7(b) of Part II of the Act authorises TEC to “take such other action as may be necessary to render and maintain the supply of electricity safe and efficient”. This section deals with the supply of electricity, so it can be concluded that RE and EE activities are permissible on this basis if these lead to efficient supply. It is, however, difficult to conclude that the promotion of efficient consumption is provided by this sub-section, so this authority must be identified elsewhere in the Act. 

Section 21 of the Act deals with the commercial conduct of TEC’s business. TEC is obliged to “conduct its business in accordance with prudent commercial principles and shall ensure so far as possible that its revenue is sufficient both to meet its expenditure properly changeable to revenue and derive a profit”. On its face this means that TEC must recover all its costs of operation, fixed and variable and if the minimisation of these costs is necessary in order to produce a profit then the directors must consider this. If TEC’s customers were meeting their payment obligations, then TEC’s board might consider that cost minimisation is unnecessary in so far as Section 21 is concerned. However consumer arrears are such a significant problem for TEC that it must reduce its unit cost of production if it is to be solvent. Consequently, Section 21 gives TEC the means to consider cost minimisation strategies such as displacing diesel with RET and EE initiatives. However, once again, it is less clear that Section 21 authorises demand side management initiatives. 

For guidance on provisions in the Act that could be interpreted as enabling the creation of an RE&EE Unit for GHG reduction reasons and to promote energy efficiency at the consumer level, consideration of Articles 9 (c) (Additional Powers), 10 (Ministerial Directions) and 11(2) (Board) is needed. 

Article 9 (c) of the Act provides that TEC “shall have the power…to undertake such other activities in furtherance of its functions as the Minister may, after consultation with the Board of Directors, allow by order.” TEC’s additional powers are supported by Article 10, which requires the Corporation to “act in accordance with any policy directions (not consistent with this Act) in the national interest given to it from time to time in writing by the Minister after taking into account the views of the Board of Directors.”

Article 11 (2) of the Act, in turn, requires that the Board of Directors ensures that the policy of the Corporation is directed towards the national interest. This articles places the TEC Board of Directors in a particularly conflicting position because it must run a commercially viable operation and consider societal matters too. 

One interpretation of Article 11 (2) could be that the TEC Board can unilaterally direct management to act in certain ways to promote the national interest, such as promoting cost effective supply and demand side management. This is because there is no specific obligation in the Act that the TEC board must consult with the Minister or any other person before affecting such an initiative. 

Another interpretation of Article 11 (2) is that it simply creates a counter railing obligation by the Board to respond to Ministerial directives it might receive under Article 9(c) and 10. 

Whatever the interpretation of the Act, as a practical matter, it would be prudent for TEC’s Board to consult with the Minister on the Establishment of an RE&EE Unit. The Unit should be consistent with the Ministry of Energy’s policy directions and therefore comply with Article 10. Furthermore, that direction should then be translated into a Ministerial order for the establishment of an RE&EE Unit within TEC so that Article 9 (c) of the Act is followed. The mandate section in Attachment A is intended to achieve this purpose. 

The following Section considers the national interest and how policies regarding this are articulated through other legislation. 

Other Relevant Legislation and Plans

The Consultant has reviewed the Customs Act and the ‘prohibited and restricted items’ list therein. There is no mention in this legislation of any restrictions on the importation of equipment related to electricity or generation. As such, no legal barrier is anticipated in this regard. 

Whilst not barriers as such, Government taxes may be levied on the importation of RETs in the form of tariffs, sales taxes or import duties. However, historically donors have negotiated an exemption from tariffs for equipment related to Government projects. Additionally, a zero duty rating for duty may be possible for some categories of electricity generating equipment. Sales taxes (2.5% of the Free On Board value) and import levies (AUD 10 per cubic meter) also apply as standard. All three of these levies could be waived by the Minister of Finance as part of a donor funding package. 

The National Energy Strategic Plan (NESP) issued by the Department of Energy addresses the area of renewable energy and energy efficiency measures.  The Consultant has reviewed this plan to determine: (1) the legislative support for TEC to create a RE&EE Unit and (2) that the degree to which there is overlap or conflict between the roles of TEC and the DOE. The strategic plan of TEC highlights the activities that DOE undertakes which are traditionally assumed by the Energy Company such as TEC. As is further outlined in Section Six there is a need for the reallocating of roles and clearer definitions of these roles to ensure no duplicity in activities between the DOE and the proposed RE&EE Unit.

The Consultant recommends that the DOE should set the policy and work with TEC to develop strategies to achieve relevant policies. TEC would be responsible for developing a plan to act out these strategies (in such cases as the RE&EE Unit) and TEC’s General Manager would monitor and evaluates the success of each strategy with the DOE monitoring and evaluating TEC’s overall performance.

While all the components of the NESP either directly or indirectly impact on the proposed RE&EE Unit, the key features of the NESP are outlined below:

NESP Policy 2.4 – Reduction on Petroleum Dependence

This policy calls for parties to “reduce dependence on petroleum products by actively encouraging fuel conservation and efficient end use and by actively searching for, proving and utilising cost-effective alternatives as appropriate”. The five strategies which are applicable to TEC’s RE&EE operations are:

· Strategy 2.4.2; Bio-diesel for generation (also NESP Policy 2.5);

· Strategy 2.4.4; Demand side management through solar hot water systems;

· Strategy 2.4.5; Supply side management through PV cells;

· Strategy 2.4.6; Supply side management through wind energy;
· Strategy 2.4.7; Energy efficient building codes for new construction. 

The Consultant recommends the RE&EE Unit takes responsibility for the implementation of these five strategies. The supply side strategies of 2.4.2, 2.4.5 and 2.4.6 would naturally become responsibility of the RE division of the Unit and the strategies of 2.4.4 and 2.4.7 could fall within the educational role of the EE Unit. The allocation of these strategies would need to be agreed by the DOE, the TEC General Manager and the RE&EE Manager to ensure no duplicity or failure to act on these strategies.

NESP Policy 4.1 – Commercial Operation of TEC

Within this policy DOE is charged with ensuring the TEC “operates as a commercial power utility and is able to provide a cost effective and reliable electricity supply to meet electricity demand within Funafuti and the outer islands.” Two strategies incorporated under Policy 4.1 are integral to the formation and operation of the RE&EE Unit and these are:

· Strategy 4.1.2; Set an appropriate and affordable tariff

· Strategy 4.1.3; TEC to take a leading role in raising awareness in energy efficiency practices. 

While Strategy 4.1.2 is a broad strategy, it implies a requirement for TEC to take measures to reduce its cost of production to ensure that an ‘appropriate’ tariff is also an ‘affordable’ tariff. The current diesel based operation Does not lend itself to a tariff that is either ‘appropriate’ (as the fuel surcharge is capped with the Government bearing any excess charges necessary) nor “affordable” (at the current fuel price of AUD 2.03 per litre the Government is required to subsidise AUD 0.24 for each kWh sold amounting to an annual subsidy of approximately AUD 1,200,000.  The adoption of RET through the RE Unit would provide alternative options for off-setting production costs and therefore lead to a tariff which is ‘appropriate’ and ‘affordable’.

NESP Policy 4.4 – Environmentally Sustainable Power Generation 

The DOE is responsible for ensuring that “all power supply systems in Tuvalu operate with strict adherence to established environmental guidelines”. Strategy 4.4.1 relates to the promotion of renewable energy for power generation. There is potential for duplicity or conflict between DOE and TEC due to the vague definition of ‘promotion’. The Consultant recommends the DOE and TEC should work together to develop a national strategy for the establishment of renewable generation and the allocation of roles and responsibilities between the DOE and TEC would be clearly identified in this strategy. The Consultant has prepared a draft outline for TEC’s renewable generation targets which is outlined in the Executive Summary. 

NESP Policy 5.0 – Renewable Energy

Policy 5 of the NESP outlines sub-policies and strategies for the development and implementation of renewable energy technologies. This policy is lacking in detail relating to specific RETs with the exception of Policy 5.3 – Bio-Fuel which is related to bio-gas/charcoal fuel substitution methods. These strategies would work towards the goal of displacing diesel and reducing GHGs.

Policy 5.3 and Strategies 5.3.1-5.3.3 relate directly to the potential for bio-fuel production from copra. These initiatives fall under the proposed role of the RE&EE Unit and the Consultant recommends that TEC is responsible for these three tasks. Clear dialogue and agreement is necessary between the DOE and TEC to ensure commercial levels of bio-fuel production are achieved in Tuvalu. 

NESP Policy 6.1 – Energy Efficiency Promotion across Tuvalu

The Government can manage its energy affairs well by creating a clear distinction between policy matters from those of planning and implementation. The DOE shall set the direction it wishes for the country regarding energy and shall ensure that these policies have legislative effect and that institutions are identified to deliver policy outcomes. If policy affects TEC’s activities and these areas have been indentified above then TEC should decide on what specific actions it should take to meet its obligations to the Minister. The DOE is better not to be unduly involved in directing the specific actions of TEC, but it is in TEC’s interests to work closely with the DOE as it formulates its plans. 

NESP Policy 6.2 - Energy Efficiency Promotion within TEC

This policy charges the DOE with ensuring that TEC is employing its own energy conservation and efficiency measures across TEC operations, generation, transmission and distribution. An important measure is the training of TEC staff which Is a strategy that could be facilitated by the RE&EE Unit.

NESP Policy 6.3 - Energy Efficiency Promotion through RETs

This policy relates to energy efficiency promotion through RETs and is discussed above in Policy 5.0 and its associated Strategies. 

NESP Policy 6.4 – Public Awareness Promotion 

This policy relates to public awareness of energy efficiency measures and is discussed above in Policy 6.1 and its associated Strategies.

Attachment C - Corporate & Strategic Plan Assessment

This section details the Consultant’s findings following our review of TEC’s Corporate and Strategic Plans. These plans were assessed in the context of the contribution a RE&EE Unit could make towards TEC’s overall mission of providing “reliable, quality and safe electricity to the people of Tuvalu”. 

Corporate Plans 

TEC’s corporate plan provides a mid term vision for 2007-2009 whereby TEC aims to ‘continue their services to all stakeholders’. The establishment of an RE&EE Unit will further expand TEC’s capacity to meet the needs of its associated parties. Key points of the corporate plan resolved by the Unit are the potential to lower tariffs, to free funds for commercial operation, to develop the skill base of staff and to move TEC’s generation towards a more renewable basis. 

Operation in the National Interest

The primary responsibility of TEC’s is to provide “reliable, quality and safe electricity to the people of Tuvalu” Under TEC’s Corporate Plan, the corporation is required to ‘act in the national interest in accordance with instructions given by the Minister’. The Consultant suggests that TEC serves the national interest of Tuvalu in three areas: the first is securing energy supply, the second is financial and the third is environmental.

The proposed RE&EE Unit would serve these three interests as RE generation would displace diesel thereby reducing the costs of production and also providing an ‘insurance’ against any future price rises in the global price of oil. If donor funding can be obtained to pay for initial capital expenditure or if discounted cash-flows model can show the potential savings over the course of the assets life then the nation’s interest has been acted upon in a financial sense. Lowered costs of production should lead to lower tariffs and/or lower government subsidies. Tuvalu’s environmental interest would also be aided through the RE& EE unit through the displacement fossil fuel dependence of diesel generation and a voluntary reduction in the greenhouse gas (GHG) emissions. While Tuvalu’s carbon output might be small on a global scale, it is still environmentally prudent to minimise emissions where possible. 

Low Loads/Inefficient Outer Island Generation  

TEC’s generation mandate makes reference to inefficient outstation generation due to low loads (22kW median load). The Corporate plan recommends the solution as increasing the load on each outer island system. While this increase would solve the problem of inefficient generation, if the generation methods remain unchanged the underlying issues of GHG emissions and high diesel based tariffs still exist. The establishment of an RE&EE Unit would see measures taken towards developing 100% solar/wind generation on the lower load outer islands. Flow battery storage mechanisms incorporated into the system would enable short term distribution when generation conditions for solar and wind power is not favourable (low light or low wind). The Consultant also recommends that the current diesel generation systems be kept in good working order to be used as standby facilities in the event of sustained low light/wind circumstances. 

Available Funds

The administration/finance and customer service section of the corporate plan includes:

“Financial viability is crucial to the survival of any business and therefore prudent management is a key component in the management of our operation.  In order to be able to carry out our capital work we must ensure that funds are available each year, to maintain existing operations and fund new and replacement infrastructure assets.”

Expensive diesel generation is preventing TEC from to allocating funds for the maintenance of its existing operations and also to fund new and replacement infrastructure assets. To make provision for maintenance and thereby ensuring maximum efficiency of existing assets TEC needs to look at options for decreasing its current high costs of production. Likewise, if TEC is to fund the installation of future assets including RETs then significant operational improvements must be undertaken to generate sufficient revenues to provide for depreciation and reinvestment. 

The establishment of an RE&EE Unit will greatly assist TEC in achieving these aims, by developing a roadmap for the offset of diesel generation with RET and introducing initiatives for increasing efficiencies in current generation and distribution systems. 

Stakeholders Needs

TEC aims to meet each of its key stakeholders needs through the efficient and effective delivery of its electricity operation. The establishment of a RE & EE Unit and its subsequent initiatives would assist with delivery of this electricity supply.

The four key stakeholders groups which are most impacted by the establishment of a RE&EE Unit are:

· Customers 

· Employees 

· Shareholders 

· Suppliers 

Customers

Section 2.3.1 of the Corporate Plan outlines the vision of TEC to meet customers’ needs to be provided with cost-effective power. The current high level of outstanding debtors indicates the current electricity tariffs are not cost effective. The establishment of a RE&EE Unit within TEC would aim to displace diesel consumption and this should ultimately lead to lower tariffs as the cost of production decreases. 

Employees

Within the Corporate Plan, one of the stated needs of employees is for TEC to provide training opportunities. The establishment of an RE&EE Unit within TEC and the implementation of RE & EE initiatives will bring with it the need for additional training. This up-skilling will add value both to the job satisfaction of current employees and also provide opportunities for efficiency gains direct from its employees thereby offering the possibility for a reduction in tariffs. 

Shareholders

One of the stated needs of the GOT, as the sole shareholder of TEC, is for TEC to operate as a profitable business and provide a return on its assets. The current generation and operational strategies for TEC are not conducive to such a goal. The implementation of RET and EE activities would offer the possibility of a return on its assets delivered through reducing the cost of production. Although not stated in the Corporate Plan, an additional need for the GOT is for TEC to break even without any Government subsidy. As a fuel tariff of AUD 0.50 is currently required for each kWh produced (plus the operating base tariff), far above the average Tuvaluans willingness or ability to pay, a substation decrease in the costs of production must occur. 
Suppliers

TEC’s suppliers have the stated need to have their accounts settled in a timely manner. Currently TEC’s poor collections rate and subsequent high level of outstanding debtors is not allowing TEC to meet this need. In particular, BP Does not have its account settled as required by the terms of trade between TEC and BP. A reduction in diesel imports as RET are introduced, while not good for the primary business operations of BP, will allow TEC to provide more timely payment through reduced operating expenses. 

Strategic Plans

TEC has three key strategic initiatives to meet their vision of “being committed to serving the needs of the people of Tuvalu”. 

These initiatives are:

· Workforce Development

· Stakeholder Focus

· Alternative Energy

Workforce Development

TEC aims to develop the skills and productivity of their workforce and this aim is complemented by the establishment of a RE&EE Unit. The unit will provide alternative opportunities for the TEC workforce will facilitate the ongoing learning and technical development of TEC staff relating to RET and EE initiatives and will also encourage the application of best practice expertise to be imparted into TEC. 

Stakeholder Focus

One of the strategies outlined in TEC’s Strategic Plan is to focus on the needs of TEC’s customers (as outlined in Section 6.1.4.1 of this report) and improve the delivery of customer service. The most critical aspect of customer service and the one with the greatest scope for improvement is price. By incorporating RET and EE initiatives into the TEC generation system, it is likely the cost of production can be reduced and these savings should be able to be passed onto TEC’s customers in the form of lower tariffs. 

Alternative Energy

The strategic framework for TEC requires the corporation to investigate the potential of renewable energies. 

This investigation is to be undertaken through three processes:
· Gathering of information;

· Working closely with the DOE ; and,

· Seeking donor assistance for implementation of renewable energies infrastructure.

The establishment of a RE&EE Unit will provide the necessary institutional structure for undertaking these three processes. In addition, the RE&EE Unit will also facilitate the implementation, operation and maintenance of these RETs as is outlined further in Section Six. 

Attachment D - Staffing Requirements

Phase One Staffing Requirements – August 2008

	Staff Member
	Job description
	Skill set required
	Responsibilities
	Objectives
	Reporting chains

	Project Manager (PM)


	Develop unit priorities, work plan and resources, project management and reporting. (Initially undertakes PM&R tasks)
	Senior Engineer, Project Management, Contract Negotiation and Construction Supervision
	Agree KPIs with GM;

Liaise with TEC Dept managers and DOE; 

Agree priorities and work plan with GM and Project Engineers; Establish RE training school
	Achieve demonstrable reduction in Oil usage within two years;

Develop technical support role to DOE;

Training school turning out suitable qualified RE support staff
	General Manager (GM)

	Project Monitoring & Reporting Officer


	cost estimates,  monitoring and reporting

GIS data base development and management.
	Finance and Accounting skills, liaise with TEC administration and Accounting and GIS manager; aggregation of off-grid E&M RE assets. 
	Establish methodology for monitoring and reporting on KPIs, aggregate RE data in GIS; Prepare Reports for TEC Board and DOE
	Produce regular reports on progress as required by DOE, IFIs and TEC Board;

Comprehensive data base of TEC RE resource base.
	PM

	PV/LRP and battery storage Project Engineer


	Investigate  RE & EE opportunities, develop project data base , supervise construction and O&M for grid & off-grid electric power  projects 
	Electrical engineer, computer skills, project management, 
	Supervise TEC counterpart teams for LRP, PV projects; Establish TEC O&M team for electrical projects
	Functional operation of PV and Wind assets;

Management of TEC power metering systems for EE Reporting


	PM

	Bio-fuel Investigations, Wind, and Fuel Substitution Project Engineer


	investigate feasibility of biofuel production, transport and support fuel substitution opportunities 
	Mechanical Engineer, project management, fuel handling
	Prepare TOR for consultants to undertake biofuel production study, wind installations.

Establish TEC O&M services for fuel substitution projects
	Trial Biofuel project in operation in two years

Resource base for biofuels identified

Trial battery transportation facilities

Good co-operation with NGOs in Energy projects
	PM


Phase Two Staffing Requirements – Medium Term

	Staff Member
	Job description
	Skill set required
	Responsibilities
	Objectives
	Reporting chains

	Project Manager


	project management and reporting
	Senior Engineer, Project Management, Contract Negotiation and Construction Supervision
	Liaise with TEC Dept managers and DOE; 

Agree priorities and work plan with GM and Project Engineers; Expand RE training school activities
	Achieve demonstrable reduction in Oil usage within five years;

Training school turning out suitable qualified RE support staff
	GM

	Project Monitoring & Reporting Officer


	cost estimates,  monitoring and reporting

GIS data base management.
	Finance and Accounting skills, liaise with TEC administration and Accounting and GIS manager; management of off-grid E&M RE assets. 
	Monitor and report on KPIs, update RE data in GIS; Prepare Reports for TEC Board and DOE
	Produce regular reports on progress as required by DOE, IFIs and TEC Board;

Comprehensive data base of TEC RE resource base.
	PM

	PV/LRP RE Storage Project Engineer


	Investigate  RE & EE opportunities, maintain data base, supervise construction and O&M for grid & off-grid electric power  projects 
	Electrical engineer, computer skills, project management, 
	Supervise TEC counterpart teams for LRP, PV projects; 

Manage TEC O&M team for electrical projects
	Functional operation of PV and Wind assets;

Management of TEC power metering systems for EE Reporting


	PM

	Bio-fuel Production, Wind, and Fuel Substitution Project Engineer


	Manage biofuel production, wind generation and power battery applications for transport and support fuel substitution opportunities 
	Mechanical Engineer, project management, fuel handling
	Establish TEC Biofuel production unit, wind 

Manage TEC O&M services for fuel substitution projects
	Biofuel displacing Diesel in 5 years

Trial battery transportation facilities

Good co-operation with NGOs in Energy projects
	PM


Attachment E - Logframe 

	Goal
	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	To reduce the growth rate of GHG emissions from fossil fuel use in Tuvalu by establishing a RE and EE Unit in the TEC
	Has TEC’s diesel consumption (litres per month, per annum) decreased? 

Target = Each years fuel consumption being 90% of previous years. 


	· BP sales records

· Generation consumption levels from Funafuti and OI
	-   Plant efficiency is constant 

- Emissions per kWh produced by diesel generators are constant. 



	Component Purposes
	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	Legal establishment


	Mandate of Chapter 41 to ensure TEC’s jurisdiction for an RE&EE Unit


	Attorney General’s office

Ministry of Public Utilities and Industry 
	

	Institutional  Establishment


	Appointment of RE&EE Unit Manager, Staff and mandate


	TEC General Manager
	

	Physical Establishment 


	Establishment and equipment of offices 


	TEC General Manager
	

	Identify and Develop Alternative Forms of Generation
	KWhs per annum/month generated by solar

kW installed capacity of wind

KWhs per annum/month generated by solar

kW installed capacity of wind

KWhs per annum/month generated by wind

kW installed capacity of wind

KWhs per annum/month generated by alternative RET (tidal/wave)

kW installed capacity of (tidal/wave)

Litres of biodiesel produced 

kWh generated by biodiesel generators


	TEC Generation department

TEC RE&EE Department
	Initial levels reported in feasibility studies are equal to or less than actual results

	Encourage the Conservation of Energy
	Network loss %

Station usage %


	Distribution Department

Generation Department
	Network and generators don’t depreciate and add to the problems of network and station losses

	Component 1 - Legal establishment

	Outputs and Activities
	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	Output 1.1  


	Amendment drafted
	Attorney General’s office

Ministry of Public Utilities and Industry
	

	Output 1.2


	Amendment passed
	Cabinet
	

	Activities for Output 1.1

-Amendment drafted
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Draft amendment prepared for the Minister of Public Utilities and Industry


	Nil
	

	Activity 2
	Minister of Public Utilities and Industry edits the amendment as he sees fit


	Nil
	

	Activities for Output 1.2


	Key Inputs
	Costs
	Assumptions

	Activity 1
	Cabinet endorse a policy to amend chapter 41


	Nil
	

	Activity 2
	Legislation drafted by the office of the Attorney General 


	Nil
	

	Activity 3
	Legislation endorsed by Parliament (November) 


	Nil
	


	Component 2 – Institutional establishment

	Outputs and Activities
	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	Output 2.1  


	RE&EE Unit Manager/DOE Liaison appointed
	TEC General Manager
	

	Output 2.2


	Appointment of PV/Wind/LRP/DSM  staff member
	TEC General Manager
	

	Output 2.3
	Appointment of Bio-Diesel Fuel Substitution staff member
	TEC General Manager
	

	Activities for Output 2.1

- RE&EE Unit Manager appointed
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Development of job description 
	Nil 
	

	Activity 2
	Advertisement of role
	Nil
	

	Activity 3
	Development of candidate short list
	Nil
	

	Activity 4
	Interview process of shortlisted candidates
	Nil
	

	Activity 5
	Final Selection and appointment
	Nil
	

	Activities for Output 2.2

- Appointment of PV/Wind/LRP/DSM  staff member
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Development of job description 
	Nil 
	

	Activity 2
	Advertisement of role
	Nil
	

	Activity 3
	Development of candidate short list
	Nil
	

	Activity 4
	Interview process of shortlisted candidates
	Nil
	

	Activity 5
	Final Selection and appointment
	Nil
	

	Activities for Output 2.2

- Appointment of Bio-Diesel Fuel Substitution staff member
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Development of job description 
	Nil 
	

	Activity 2
	Advertisement of role
	Nil
	

	Activity 3
	Development of candidate short list
	Nil
	

	Activity 4
	Interview process of shortlisted candidates
	Nil
	

	Activity 5
	Final Selection and appointment
	Nil
	


	Component 3 – Physical establishment

	Outputs and Activities


	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	Output 3.1  


	Acquisition  of office space
	
	

	Output 3.2


	Fit out of office space
	
	

	Activities for Output 3.1 

- Acquisition  of office space


	Key Inputs
	Costs
	Assumptions

	Activity 1
	Assessment of the viability of the old TEC offices
	Nil
	

	Activity 2
	Assessment of the upgrades necessary 
	Nil
	

	Activity 3
	Completion of necessary upgrades
	$2000
	

	Activities for Output 3.2

- Fit out of office space
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Establish required resources 
	Nil
	

	Activity 2
	Purchase/acquire required resources 
	$5000
	


	Component 4 - Identify and Develop Alternative Forms of Generation

	Outputs and Activities
	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	Output 4.1  

- Wind Generation 


	kWh

kW
	TEC Generation department

TEC RE&EE Department
	

	Output 4.2

 - Solar Generation 


	kWh

kW
	TEC Generation department

TEC RE&EE Department
	

	Output 4.3 

- Alternative RET Generation 

(Wave & Tidal)
	kWh

kW
	TEC Generation department

TEC RE&EE Department
	

	Output 4.4

- Bio-diesel


	kWh

kW
	TEC Generation department

TEC RE&EE Department
	

	Activities for Output 4.1

- Wind Generation 
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Feasibility Study
	
	

	Activity 2
	Install turbine at Funafuti site
	Donor Funded
	

	Activity 3
	Install monitoring facility at site 2 (Vaitupu?) 
	Donor Funded
	

	Activity 4
	Training of RE&EE staff
	$4000
	

	Activity 5
	Assist the DOE with Donor funding sourcing 


	
	

	Activities for Output 4.2

- Solar Generation 
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Italian Project on Vaitupu
	$0 capital costs


	

	Activity 2
	Training of RE&EE staff
	$40000
	

	Activity 3
	Further PV on Outer Islands to reduce diesel to a standby facility 
	Donor Funded
	

	Activity 4
	Outer Island small PV grouping plan
	
	

	Activity 5
	Assist the DOE with Donor funding sourcing
	
	

	Activities for Output 4.3

- Alternative RET Generation 

(Wave & Tidal)
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Feasibility Studies


	
	

	Activity 2
	Pilot project


	
	

	Activity 3
	Assist the DOE with Donor funding sourcing
	
	

	Activities for Output 4.4

- Bio-diesel
	Key Inputs
	Costs
	Assumptions

	Activity 1
	Feasibility Study
	
	

	Activity 2
	TCTC on board
	
	

	Activity 3
	Jatropha import permits etc
	
	

	Activity 4
	International Advice (Vernon Smith?
	
	

	Activity 5
	Assist the DOE with Donor funding sourcing
	
	

	Activity 6


	Pilot Project
	Donor Funded
	


	Component 5 - Encourage the Conservation of Energy

	Outputs and Activities
	Performance Questions and Target Indicators
	Monitoring Mechanisms and Information Sources
	Assumptions

	Output 5.1 

- Network Losses
	Reduction of current 8% to the target of 6%
	Distribution manager
	

	Output 5.2 

- Station Losses
	Reduction of current 6% to the target of 2%
	Generation Manager
	

	Output 5.3 

- Training of EE Staff
	13 CEEO staff trained within 6 months
	RE&EE Manager

Maritime School Manager
	

	Activities for Output 5.1

- Network Losses
	Key Inputs
	Costs
	Assumptions

	Activity 1

- LRP
	LRP mission
	MED Funded

Capital Costs unknown at time of Final Report submission
	

	Activity 2

- Ongoing maintenance
	Maintenance program 
	
	

	Activities for Output 5.2

- Station Losses
	Key Inputs
	Costs
	Assumptions

	Activity 1 

- Monitoring of Station Use
	- Separation of station usage from office usage

Installation of station meter

- Offices efficiency reduction targets
	
	

	Activity 2 

- Consumer Education programs 


	- Design of program

- Implementation schedule
	Estimate
	That the DOE doesn’t do this also. 

	Activities for Output 5.3

- Training of EE Staff
	Key Inputs
	Costs
	Assumptions

	Activity 1 

- Agreement with Maritime School
	- Operational agreements etc
	Estimate
	

	Activity 2 

- Curriculum development
	- Syllabus 
	Estimate
	

	Activity 3

- Staff and resource selection
	- Recruitment and selection
	Estimate
	


Attachment F – Scope of Italian and Japanese Grants

Overview

The Governments of Italy and Japan have recently offered very large grant projects to support the development of PV facilities throughout Tuvalu. The two projects will extend the ongoing 2005-10 UNDP support  that included in the installation of a $422,000 40kW PV facility in Funafuti in January 2008 along with other funds ($321,000) allocated for Technical Assistance and consulting services to support this first stage of the RE development project.  The additional funding from Italy has been committed for 2008-2009, and negotiations are expected to be held shortly with the Japanese that will help Tuvalu extend the UNDP program through to 2015. 

Both aid projects require a significant input from the Tuvalu side but provide an excellent opportunity for the RE&EE unit to become established and participate in a program offering training, institutional development. There are significant technical and operational challenges associated with the hybrid Diesel/PV installations, not the least avoiding being beholden to one type of technology or manufacturer. It will therefore be necessary to monitor and assess the performance of the new PV installations and make plans according for investing in more of the same or complementary RE Technologies. Likewise TEC will also face new commercial challenges to avoid the tendency of consumers to assume that renewable energy is free. In this latter regard DOE/TEC will need to address tariff and cash collection policy to ensure that at the very minimum, the tariffs cover the cost of TEC’s operation, maintenance and spares along with provision for a sinking fund to replace the equipment at the end of its life.

Summary of Italian Aid Component

Details of the proposed “Tuvalu Photovoltaic Electricity Network Integration Project (TPVENI)” are given in the April 2008, $800,000 funding proposal submitted by the DOE to the Government of Italy. This will provide $450,000 a 40kW PV grid injection installation in Vaitupu along with $305,000 for 80 PV-operated street lights in the Outer Islands. Provision of about $40,000 is also made for training and project management to support the installation and operations of the PV facility and to assist DOE/TEC in planning similar facilities on the other islands. 

The TPVENI project organisation assumes that TEC’s RE&EE unit will be overall responsible for project implementation including the delivery of the respective components with DOE responsible for project coordination & decision making. The plant is expected to be delivered by the end of 2008 and commissioned in March 2009.

Summary of Japanese Aid Component

Details of the proposed “Tuvalu energy Funding Proposal for the Period 2008-13” are given in the February 2008, $8,475,000 five year funding proposal submitted by the DOE to the Government of Japan. This is expected to provide $5,000,000 for 11 PV facilities (aggregate total 450 kW) along with $2,755,000 for 500 PV- operated street lights scattered throughout Tuvalu. The range of PV installations included in the proposal is shown below:

[image: image9.emf]
The project includes $750,000 for training and technical assistance to support the installation and operations of the PV facility and to assist DOE/TEC in planning similar facilities on the other islands. Specifically these include programs for (i) the promotion and demonstration of relevant energy efficiency and energy conservation practices; (ii) energy awareness and educational programs; and (iii) capacity development.

Role of RE&EE Unit in Supporting the Implementation of Proposed Italian and Japanese RE Projects

While the two projects will certainly help Tuvalu reduce its dependence on oil, they are also potentially very significant in terms of improving TEC’s institutional capability to manage the new RE installation and subsequent operations and to plan for further RE developments. The projects will essentially drive the priorities for the RE&EE unit in forming work plans over the next few years. These will need to include plans (i) support to consultants/contractors during installation; (ii) support to consultants for implementation of energy efficiency programs; (iii) training of staff for operation and monitoring; (iii) developing further generation expansion or fuel substitution proposals for 2012-2015; (iv) maintaining energy efficiency and cash collections (when the cost of incremental energy is considered cheap)     

Implementation and Operational Issues

Diesel/PV hybrid installations are technically challenging and operationally complex and it will be essential that TEC has the institutional capability & readiness to support them. If the Japanese project goes ahead in the near term, it would be illogical to be considering further PV investments until TEC has gained some operational experience with them. However it would instead be prudent to use that time to develop plans for wind, biofuel or battery systems to ensure sufficient diversity so as not to be too dependent on any particular RE Technology. 

Since the Italian funded project is largely focussed in one location (Vaitupu), the project should provide a good opportunity for TEC to develop the skills to undertake what will essentially be replications in the other islands. In comparison with the 40 kW PV facility in Funafuti (where the existing PV contribution is only 10% of peak) the same sized facility in Vaitupu will require good operational coordination with the existing (260kW) diesel power station to combine output to meet the current 74kW peak load. During the day the diesel plant will have react quickly to rapid load changes that result of variations sunshine and be prepared to be operating all night. It will also be important to monitor the performance of the PV/Diesel hybrid facilities to acquire generating/and demand data necessary for assessing the additional proposals for installed under the Japanese proposal. It is evident that that unless demand grows significantly it may be appropriate to divert some of the Japanese funding for the two additional 40kW PV installation at Vaitupu for complementary investments in battery storage systems to supply power. 

Implementation of the solar lighting project should be a relatively straight forward project, and with the exception of the battery/inverter facilities, the installations are likely to involve relatively low maintenance. TEC will need to identify the best location for the lights, provide access for construction staff and train its local staff to periodically check the lights. 

Planning for the implementation of the Japanese project will require significant input from TEC staff both at head office and in the Outer Islands. Logistically this will be a more challenging project requiring close monitoring to ensure the local operators provide adequate support to contactors and a fully trained. It will also be necessary to address the energy storage issues since most of the PV installation is at least as great as the local demand. This will mean that the diesel engines will be continuously operating at about 25-50% of load at night and intermittently operating between at less than 5-10% of their full load or idling for much of the day. This would not be either an efficient use of the size of plant installed and will significant affect their longevity. To minimise the fluctuations it would be advisable to install flow batteries or similar and using the diesels only for prolonged periods when the PV/Battery system is unavailable. 

Institutional Support

Both the Italian and Japanese operations offer together about $800,000 of technical training and institutional support to both TEC and DOE that will fully absorb any capability to undertake new tasks at least until 2010. The opportunity should be taken during negotiations with the donors to assign as much of the funds as possible to develop the training facilities at the Marine Department’s Amatuku school so as to ensure they can be continued to be used after the contractors leave site. 

Initially TEC will be required to support of the various consultants that is requested during the feasibility studies and later they will also be requested to undertake specific training in operation and maintenance of PV systems. It will be necessary for the RE&EE unit to develop a proposal for insertion in the tender documents to use some of the budgeted $100,000 allocated for training by manufacturers to be done at the school.

Budgets for other training activities include (i) $400,000 for the promotion and demonstration of relevant energy efficiency and energy conservation practices; (ii) $170,000 for developing energy awareness and educational programs; and (iii) $150,000 for capacity development with DOE, TEC and NGOs. These are significant budgets and it is important for the RE&EE group to be closely involved in their preparation.

Attachment G – Educational Material for RE&EE Unit

A training program will involve the development of local skills to enable TEC engineers to supervise projects and TEC technical staff to install, operate and maintain RE and EE projects during their lifetime. The training syllabus should include the following general subjects with subject material prepared by TEC/Marine Dept lecturers with assistance from professional teachers provided under Technical Assistance Project.

	Subjects


	Purpose
	Source of Teachers

	Institutional, Project Management and Analytical Studies



	Teaching the Teachers
	Identify skills within TEC and Marine Department and assist in preparation of programs
	Technical Assistance

	Project Management
	Manage Work Projects and Bill Customers
	TA/TEC RE&EE unit

	Internet & GIS 
	Research and Data Base Management
	TA/TEC RE&EE unit

	Project Costing 
	Preparing Cost Estimates for Project Implementation. 
	TA/TEC RE&EE unit

	CDM Applications


	Computation of potential carbon credits from RE Projects
	TA/DOE

	Commercial Operations


	Pricing and billing for TEC Services
	TA/TEC

	Electrical Installation & Maintenance  Subjects



	Electricity Wiring Regulations


	Supervision, safety and inspection
	TEC EE

	Metering


	Installation, testing and management
	TEC EE

	PV installations


	Wiring, testing and fault finding, commissioning
	TEC RE&EE Unit

	Wind Installations 


	Installation and maintenance
	TEC RE&EE Unit

	Mechanical Installation & Maintenance  Subjects 



	Diesel Generation Operations


	Commissioning, operations and management
	TEC/Marine Dept

	Diesel Maintenance


	Overhaul, repairs and maintenance 
	TEC/Marine Dept

	Fuel & Lubrication Management
	Fuel handling/storage and safety
	TEC/BP

	Biofuel Production


	Production management and operator training
	TEC RE&EE Unit

	Pressurised Gas/Oil Systems


	Refrigeration and Gas piping
	Marine Dept


Attachment H – RET Barrier Matrix

	Barrier Category
	Barrier
	General Remarks
	Tuvalu Specific Remarks

	Market Failure/Imperfection
	Highly controlled energy sector
	This may lead to a lack of investments in RETs
	High levels of Governmental intervention could slow down RET developments

	
	Lack of information and awareness
	Increased uncertainty and hence costs
	N/A – high degree of awareness in Tuvalu 

	
	Restricted access to technology
	Technology not available or at high cost
	Technology hard to access and expensive due to distance from suppliers 

	
	Lack of competition
	Product cost increases
	Monopoly generator dampens potential for innovation and efficiency gains

	
	High transaction costs
	Economic viability of the project may be affected
	N/A – very low transaction costs in Tuvalu

	
	Missing market infrastructure
	It may increase cost of product to the consumer
	No national suppliers of RET or specialist engineers results in increased cost of production

	
	High investment requirements
	This acts as an entry barrier for entrepreneurs 
	N/A – monopolised environment

	
	
	
	

	Market distortions
	Favour (such as subsidies) to conventional energy
	This affects competitiveness of renewable energy adversely 
	Government subsidy hides real costs from consumers (decreasing their call fro change) and removes efficiency incentive from TEC

	
	Taxes on RETs
	Cost of energy from RETs increases
	N/A – Nil in Tuvalu

	
	Non Consideration of externalities
	Cost  of conventional energy is less that what it should be
	No carbon emissions tax hides the full cost of non RET generation

	
	Trade barriers
	Cost of RETs may go up, for example due to high taxes on RET imports
	N/A – Nil in Tuvalu

	
	
	
	

	Economic and Financial 
	Economically not viable
	Cost reduction in RETs needed
	N/A – most have the potential to generate at less than the current 50c per kWh 

	
	High discount rates
	Incentives may be needed in the initial stages. 
	

	
	High payback period
	Projects become un-viable
	

	
	Market size small
	Economy of scale cannot be achieved
	Potentially an issue, however some RETs lend themselves well to small scale roll-outs

	
	High cost of capital
	It may affect economic viability 
	If project must be self financed, project costs will increase. If project is donor funded, TECs debt (at the high interest rate) has a better chance of repayment

	
	Lack of access to capital
	Number of producers is less, and hence competition and market efficiency may suffer
	Domestic capital market is extremely small with no significant private finance. Potential to limit options. 

	
	High up front capital costs for investors
	Capital costs may also go up due to increased risk perception. Adverse effect on competition and efficiency.
	N/A – Government or donor funding are the most likely options for financing at a competitive market rate. 

	
	Lack of financial institutions to support RETs, lack of instruments
	Supply of RET products may suffer. Adverse effects on competition and efficiency 
	

	
	
	
	

	Institutional 
	Lack of institutions/mechanisms to disseminate information
	It leads to non-availability of information with producers as well as consumers
	Current institutional boundaries are blurred or non-traditional creating tension and confusion between parties regarding the dissemination of information. 

	
	Lack of a legal/regulatory framework
	Renewable energy producers may face market/economic/financial barriers without this 
	This area is silent on the implementation of RE and EE initiatives. These issues not being addressed may lead to barriers in the future.  

	
	Problems in realizing financial incentives
	That may be due to red tape, leading to economic/financial barriers
	N/A – relatively informal Tuvaluan context

	
	Unstable macro-economic environment
	This may increase risk and uncertainty for new investments. Only products with low payback period may be acceptable
	N/A - Donor/Government investment will supersede this risk. 

	
	Lack of involvement of stakeholders in decision making
	This can result in misplaced priorities
	TEC is currently absent from much of the planning and implementation of energy related projects in Tuvalu. This would be a substantial barrier to the successful implementation of RETs

	
	Clash of interests
	This may lead to powerful lobbies against RETs
	Potential surrounding location of the RETs 

	
	Lack of R&D culture
	This may make adaptation of technology difficult
	Use of overseas specialists and establishment of training facilities needed

	
	Lack of private sector participation
	Lack of competition and inefficiency is possibly due to this 
	N/A - Minimal private sector involvement

	
	Lack of professional institutions
	Producers’ problems and views on barriers cannot reach the policy makers effectively 
	N/A – small and informal Tuvaluan institutional environment

	
	
	
	

	Technical 
	Lack of standard and codes and certification 
	Product quality and product acceptability is affected. Purchase and commercial risk increases as also negative perception about technology
	N/A – established standards and certification 

	
	Lack of skilled personnel/training facilitators
	This can be a constraint for producers
	A need exists for more up skilled workers 

	
	Lack of O&M facilities
	This can affect product acceptance
	Minimal O&M RET experience

	
	Lack of entrepreneurs
	It may lead to lack of competition and supply constraints 
	May lead to supply difficulties for bio-diesel

	
	System constraints
	Market cannot be realised by producers
	May lead to supply difficulties for bio-diesel

	
	Product not reliable
	Market size may get affected
	N/A – consumers will be unaffected (large levels of standby diesel in the event of unreliability) 

	
	
	
	

	Social, Cultural and Behavioural
	Lack of consumer acceptable of the product
	Market size becomes small
	N/A – consumers will be unaffected (large levels of standby diesel in the event of unreliability)

	
	Lack of social acceptance for some RETs
	Affects market size. For example, gas from urban waste for cooking may not be acceptable to a sizable segment. 
	Potential surrounding location of the RETs, however no impact on market perceived

	
	
	
	

	Other Barriers
	Uncertain governmental policies
	It creates uncertainty and results in lack of confidence
	Potential exists with new technology, markets and policy

	
	Environmental
	Environmental damage/pollution may be unacceptable
	Potential surrounding location of the RETs

	
	High risk perception for RETs
	It increases cost of capital (high financial risk) as well as discount rate of producer
	N/A – not foreseen in Tuvalu

	
	Lack of infrastructure
	RETs such as wind may need strong infrastructure development such as roads and grid connectivity
	Strong networks exist on Funafuti, some additional transmission may be required to connect RETs on outer islands. 


Attachment I - Masterplan Budget
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Attachment J–Donor Agency Summary Table (World Bank 2008)

	Development Partner 
	Functions 
	Possible contributions 

	Global Environment Facility (GEF)/World Bank 
	Provide technical assistance, training and guarantees/risk sharing for local banks. 
	US$10 million (US$5 million is currently under discussion) for PNG, Fiji, Solomon Islands, Vanuatu, Kiribati, 

	International Development Association (IDA). Regional IDA 
	Lends to Participating and eligible Governments for RE and EE related investment 
	IDA, US$3.7 million from individual country allocations and US$14.7 million top up from regional IDA for total of US$18.3 million. 

	AusAID 
	Financing through PRIF to be used for TA, training and guarantees/risk sharing. 

	JBIC/ JICA 
	Technical assistance with local implementation. Providing loans to Governments for investment in local grids. 
	Based on an average cost of US$400 per household for transmission and distribution, total investment of US$80 million would be required. 

	EIB/IFC 
	Capitalizes a regional investment firm to provide quasi-equity financing for small enterprises and local communities. This might include financing for manufacturing of proposed technologies in PICs 
	Start-up capital estimated to be US$15 – 25 million to be extended to approximately US$90 million by 2015. 

	Local Banks (ANZ, Westpac, BSP, Fiji Development Bank, etc.) 
	Provide debt financing for local communities/ small enterprises. Based on providing access to 200,000 households and 500W per household, and additional power for schools, commerce, etc. a total capacity of approximately 120MW capacity is required. 

Based on the assumption of at least U$3 million per MW, a total investment in excess of US$360 million would be required. Assuming that with guarantees and other risk-sharing mechanisms Banks might be willing to accept a 25:75 equity debt ration, a total of US$270 million debt finance would be required 
	The project might need to finance the first 3 -5 year cost of business development officers in bank branches as well as training of these officers. Once a viable portfolio has been established the returns on the portfolio will provide for the salary cost and this energy portfolio is gradually integrated into normal bank operations. Loans would be secured either by partial risk credit guarantee or a portfolio guarantee with different guarantors. 

	ADB 
	To be determined. 
	To be determined. 

	UNDP 
	Training of small enterprises , communities, etc. 
	To be determined. 

	EU/ EDF10/ Energy Facility II 
	To be determined 

	UNFCC 
	Provides Carbon Credits. 

Indicative conservative calculations based on the assumption of US$25,000/year for 6,570 MWh of renewable energy, the project would be able to receive US$2.75 million/year. 
	The project would have a programmatic Carbon approach. Communities and enterprises that receive financing through this program would pool their carbon credits to gradually replace the guarantees and risk sharing provided by AusAID and GEF. However credits would be paid out after loans are paid off. The project would finance the development of an appropriate methodology and would pay for accreditation 

	Local Governments 
	Make commitments for IDA, JBIC and ADB loans for this program, 

Provide import and sales tax exemptions for works, goods equipment and services under this program. 
	Commitments to work together with stakeholders on the business enabling environment (laws and regulations), partly financed under PIGGAREP. 


Attachment K – Terms of Reference 
[image: image13.jpg]RI1IDGWAY

C AP I T AL P R O J E C T §




TERMS OF REFERENCE

FOR

 (Study and Establishment of a Renewable Energy and Energy Efficiency Unit at the Tuvalu Electricity Corporation)

1. Introduction

The PIGGAREP is a continuation of the close collaboration between SPREP, UNDP and the GEF to build the capacity of the PICs to deal with the challenges of Climate Change.  

 The global environment and development goal of PIGGAREP is the reduction of the growth rate of GHG emissions from fossil fuel use in the Pacific Island Countries (PICs) through the removal of the barriers to the widespread and cost effective use of feasible renewable energy (RE) technologies. The specific objective of the project is the promotion of the productive use of RE to reduce GHG emission by removing the major barriers to the widespread and cost-effective use of commercially viable RE technologies (RETs). PIGGAREP consists of various activities whose outputs will contribute to the removal of the major barriers to the widespread utilization of RE technologies (RETs). The project is expected to bring about in the PICs: (1) Increased number of successful commercial RE applications; (2) Expanded market for RET applications; (3) Enhanced institutional capacity to design, implement and monitor RE projects; (4) Availability and accessibility of financing to existing and new RE projects; (5) Strengthened legal and regulatory structures in the energy and environmental sectors; and, (6) Increased awareness and knowledge on RE and RETs among key stakeholders.

Tuvalu is one of the participating PICs in the PIGGAREP and one of the activities in its 2008 Work Plan and Budget is a TV5 - Study and Establishment of a RE & EE Unit at the Tuvalu Electricity Corporation (TEC).

2. Objective  

The objective of the consultancy is to identify the best practical and cost effective way of establishing and operationalising a Renewable Energy and Energy Efficiency Unit at the TEC.

3. Outputs

The anticipated outputs from this study will be the following:

a) Inception note; 

· Desk Study and review relevant background materials; 

· Identity key stakeholders for the study; and  

Write-up an inception note comprising the Consultant’s understanding of the consultancy and associated tasks; identification of issues crucial to the successful completion of the consultancy; and comments on this TOR. Subsequently, if required and approved by TEC and SPREP the activities can be elaborated, modified, etc.

b) Debriefing note; 

· Prepare debriefing note, based on the desk study, preliminary findings, conclusions and recommendations from the field mission to Tuvalu; and 

· Discuss the debriefing note with the General Manager and staff of TEC, the Energy Planning Unit and, if appropriate, with the Board of Directors of the TEC.

c) Comprehensive Report.  

· Discuss the current situation at TEC

· Prepare a comprehensive set of recommendations for the TEC to take and provide the financial, administrative and institutional implications of those recommendations.  
4.
Activities 

The scope of work for the consultancy will include, but not necessarily be limited to, the following activities:

a) Review the Electricity Act to ensure the establishment of a RE & EE Unit falls within the mandate of TEC and will strengthen TEC’s execution of its mandate; not to replicate activities with the Department of Energy,

b) Review of the organizational structure of the TEC to ensure there is no duplication and there is a clear line of reporting for the RE & EE Unit;

c) Review the TEC Corporate and Strategic Plans to identify how the RE & EE Unit can effectively contribute to TEC’s overall mission;

d) Draw up the mandate for the new RE & EE Unit and the ToRs for its staff; 

e) Draw up a practical logframe for the objectives, strategies, outcomes, outputs and activities of the RE & EE Unit; 

f) Draw up a Monitoring and Evaluation Framework by which TEC Management can assess the effectiveness of RE & EE Unit; 

g) Assess the additional human, financial and other resources needed for the effective operation of the RE & EE Unit.  

Methodology 

It is expected that in general the methodology that is to be applied will include the following tools as required: 

a) Documentation review/desk study. 

b) Mission to Tuvalu.

c) Interviews and Consultations.

6. Reporting Requirements

	Deliverables
	Deadline 

	1. Inception Note 
	Before start of mission to Tuvalu 

	2. De-briefing Note 
	Before departure from Tuvalu 

	3. Draft Study Report 
	Two weeks after the field  visit

	4. Final Evaluation Report
	Four weeks after the receipt of the Draft Report
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� Source: CIA Factbook – July 2007


� Tuvalu Government Household Expenditure Survey 2005/2005 – Central Statistics Department of Tuvalu


� Converted 40 foot shipping containers used to decrease on shore distribution costs in situations where volumes are relatively low.


� New and Renewable Energy in the APEC region – Prospects for Electricity Generation – Page 13 http://ns.ieej.or.jp/aperc/pdf/nre_report2004.pdf


� � HYPERLINK http://www.sedo.energy.wa.gov.au/pages/reepp.asp ��http://www.sedo.energy.wa.gov.au/pages/reepp.asp�


� http://www.energy.wa.gov.au/2/3199/64/fuel_diversity_.pm


� Mindanao Diesel Replacement – Maunsell 2008 


� These are both comprehensive reports by Dr Sarah Hemstock funded by French Aid based on surveys and interviews with farmers and other affected people living on the various Tuvalu Outer Islands.


� Policy Perspectives: Environmental Management & Renewable Energy in the Pacific Islands – Xiaojiang Yu and Ros Tapling – Journal of Environmental Management (1997) 51, 107-122. 


� TEC’s fuel tariff is capped at 32c with the GOT paying any additional fuel tariff necessary. Currently a fuel price of AUD 2.03 equates to a fuel tariff of 55c per kWh with the GOT required to pay 23c. Forecast sales for 2008 are approx 5.4m kWh. 


� Renewable energy in the South Pacific – options and constraints – M. Jafar – ‘Renewable Energy’ 19 (2000) 305-309. 


� The Economist – 21-27 June 2008 – “The Future of Energy” Page 8-10 


� J. P. Painuly UNEP Collaborating Centre on Energy and Environment, Risø National Laboratory, Roskilde-4000, Denmark. Barriers to renewable energy penetration; a framework for analysis - Renewable Energy - Volume 24, Issue 1, September 2001, Pages 73-89 doi:10.1016/j.physletb.2003.10.071





� see � HYPERLINK "http://www.metaefficient.com/renewable-power/australian-island-using-flow-batteries-to-store-wind-power.html" ��http://www.metaefficient.com/renewable-power/australian-island-using-flow-batteries-to-store-wind-power.html�  


� See � HYPERLINK "http://en.wikipedia.org/wiki/V2G" ��http://en.wikipedia.org/wiki/V2G� 


� See � HYPERLINK "http://www.renewableenergyworld.com/rea/news/story?id=52716" ��http://www.renewableenergyworld.com/rea/news/story?id=52716� 


� � HYPERLINK "http://www.vrbpower.com/" ��http://www.vrbpower.com�


�  See � HYPERLINK "http://www.jatrophacurcasbiodiesel.com/" ��http://www.jatrophacurcasbiodiesel.com/�


� � HYPERLINK "http://www.reuk.co.uk/Jatropha-for-Biodiesel-Figures.htm" ��http://www.reuk.co.uk/Jatropha-for-Biodiesel-Figures.htm�





� � HYPERLINK "http://www.worldbank.org/oed/ieg_tools.html" ��http://www.worldbank.org/oed/ieg_tools.html� 


� It may be necessary to provide for a phased approach to allow initiatives to take effect. An alternative is to require TEC over the five year implementation period an annual average target that it must meet.
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