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SUMMARY 

 
 
 
 
 
Pacific Islands Countries and Territories [PICTs] suffer the structural disadvantage faced by 
small islands developing states, namely the small size, distance from world markets, scattered 
nature of archipelagos and frequent natural disasters. Their high dependence on imported 
petroleum for energy needs causes severe imbalances in their economy. In order to minimise 
this adverse impact on their balance of payments, attention must focus on the role of indigenous 
renewable energy resources in achieving sustainable economic development. At the same time, 
coconut is an abundant and valued resource in the Pacific region but the sustainability of a 
coconut sector based on copra is questionable owing to falling and volatile price of oil and copra 
on the world market. Nonetheless, the use of coconut oil as an alternative fuel offers significant 
potential to offset imported petroleum, and very attractive niche development possibilities 
among the PICTs. 
 
 
Such a context leads us to look into feasible ways that would turn the disadvantages of 
"islandness" into opportunities to stimulate coconut activities and sustainable energy 
development. Coconut oil production at Lory Coop pilot project, Vanuatu, provides the basis to 
develop its economic activities through energy generation at lower energy costs than diesel. 
Moreover, 59% of the cost of the electricity produced with copra oil is returned to the village 
economy, compared to only 6% with diesel-oil electricity. Then, producing copra oil and using 
it as biofuel in Port Olry could re-dynamise the local economy, enhancing existing activities and 
promoting new ones. It would also higher energy independence and lower energy cost while 
respecting the environment. 
 
 
Such specific innovations must be seen as one of the seeds for a transition towards sustainable 
energy. Indeed, niches are the basis of a transition management and are a way to stimulate 
connections and interactions between the heterogeneous elements that fulfil the energy function. 
Synergies through a linking of presently separate niches together with accompanying measures 
would stimulate the transition process towards sustainable energy system.  
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RÉSUMÉ 
 
 
 
 
 
Les Etats insulaires du Pacifique souffrent du désavantage structurel rencontré par les petites 
îles en voie de développement, à savoir la petite taille, l'éloignement du marché international, 
l’éclatement des archipels et les fréquents désastres naturels. Leur très forte dépendance envers 
les carburants entraîne des déséquilibres au sein de leur économie. Dans le but de minimiser ce 
déséquilibre, une attention particulière doit s'orienter sur le rôle des ressources locales en 
énergie renouvelable dans une optique de développement durable. Le cocotier constitue la 
principale matière première agricole et source de revenu des familles rurales du Pacifique mais 
la durabilité de ce secteur est sujette à question du fait des perspectives médiocres du marché du 
coprah. Néanmoins, il est possible de fabriquer un carburant de substitution à partir du coprah. 
La production d'énergie à partir d'huile de coprah offre des perspectives de développement 
extrêmement encourageantes. 
 
Dans ce contexte nous avons été amenés à tirer parti des désavantages de l’insularité pour en 
dégager de nouvelles opportunités, afin de mieux valoriser les produits du cocotier et de 
stimuler le développement des énergies renouvelables. La production d’huile au niveau de la 
coopérative Lory, au Vanuatu, permet une génération autonome d’énergie pour le 
développement de ses activités économiques à moindre coût qu’à partir des carburants. En 
outre, 59% des coûts de production d’électricité retourneront dans le village contre 6% dans le 
cas de l’électrification basée sur le fuel. Ainsi, la production d’huile de coprah et son utilisation 
comme bio-carburant permet de redynamiser l’économie locale du village et offre une 
opportunité réelle de développement local par le renforcement des activités existantes et la 
promotion d'activités nouvelles, tout en en préservant l’environnement.  
 
De telles innovations peuvent servir de point de départ pour une transition vers le 
développement durable de l’énergie.  En effet, les niches sont la base d’un processus de 
transition et permettent de stimuler les connections et interactions entre les éléments hétérogènes 
qui assurent la production d’énergie. La synergie créée en liant les différentes niches 
accompagnée de mesures favorisant leur développement  stimuleraient le processus de transition 
vers le développement durable de l’énergie. 
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CHAPTER 1 INTRODUCTION 
 
1.1. Background 
 
Energy has been recognised as one of the essential inputs for social and economic development 
of the Pacific Island Countries and Territories  [PICTs] covered by the Secretariat of the Pacific 
Community [SPC].  
 
On the international front there has been pressure to ensure that the energy sector pays sufficient 
attention to environmental and social issues while ensuring that there is enough energy to 
support the development of the small islands. However, the current energy system is not 
sustainable in particular because of the high reliance of the PICTs on fossil fuel for power 
generation. Despite this high reliance, only 30% of the people in the region have access to 
electricity (World Bank, 1992a). Although they are not large energy consumers in global terms, 
their energy costs are high relative to their small economies. As a proportion of total import 
costs, petroleum ranges from approximately 6% to 30% in the region (World Bank, 1992a). In 
order to attain sustainable development in the long run, dependency on these resources must be 
reduced gradually, in favour of renewable energy sources. 
 
Linking energy issues to other critical issues such as the environment and social issues is an area 
that requires additional efforts to support sustainable development in the PICTs. The challenge 
in the energy domain is to develop visions of a sustainable future but also a transition path 
towards their realisation. The multi-level theory may help to create such visions as it is based on 
the combination of new technology and social changes that are fundamental in transitions. 
Niches have a crucial role in the early phases of a transition since it stresses more emphasis on 
experimentation and learning process. The production of energy from copra oil could offer very 
attractive niche development possibilities among the PICTs. 
 
The coconut tree is a vital component of island ecosystems, a staple food and often the only 
local source of income for many rural communities in the Pacific region. Its products and by-
products, including copra, have played and will continue to play a fundamental role in the 
islands’ economies. The last decades have seen world copra and coconut oil prices fluctuate 
widely, but decline somewhat is real terms (McGregor A., 1999). This difficult situation, in 
which coconut growers world-wide find themselves today, is aggravated by the fact that the 
PICTs are widely scattered and insulated. This can lead to the decline of a major cash income, 
particularly in the rural and remote areas, and to the continuing heavy reliance on petroleum 
products, which hampers the region's socio-economic development. 
 
There have already been successful activities in copra oil biofuel in the Pacific. The first long-
term experiment on electricity generation was done in Ouvéa, New Caledonia, and two power 
generation projects have been set up in Fiji recently. The Marshall Islands’ local oil mill is 
currently engaging on testing the viability of using copra oil for power generation and use of 
transportation. In Vanuatu, a hundred public transports, including some private vehicles, are 
running on coconut oil based fuel.  
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Copra fuel, which should not be appraised only in terms of its cost in relation to oil, is in fact a 
way of bringing energy to areas handicapped by their remote island location. It offers a real 
opportunity for local development through strengthening existing activities and developing new 
ones (processing, development and storage of agricultural and fishery products, wood 
processing and rural handicrafts), employment and income, apprenticeship and training 
possibilities and a satisfactory response to local needs and the preservation of the ecosystem 
through coconut management. It also offers the countries new possibilities that may help restrict 
dependence on imported products and promote sustainable development in PICTs. Therefore, 
copra oil biofuel is one of the specific innovations that can form the seeds for a transition 
towards sustainable energy in the PICTs.  
 
Such niche project will be experimented by the Project of Agricultural Producers for 
Associative Commercialisation Organisation [POPACA], situated in Vanuatu [Refer to 
Appendix I], which is to carry out a feasibility study for the promotion of copra oil use as 
biofuel in rural areas. This project, which came up after the request of an organised group of 
producers called the “Lory” cooperative (Lorevulko and Port Olry, Santo) to POPACA, is 
justified by the unfavourable economic background of copra and coconut oil and by high energy 
costs. With its remoteness and its important copra production, the site is well positioned to be a 
benchmark for coconut-oil production for energy generation. Likewise, the village does not have 
electricity and encompasses fuel supply difficulties (high transport costs). Moreover, copra 
producers are highly motivated to stimulate activities promoting coconut production. 
 
Preliminary and feasibility studies are fundamental for all development projects, and it is 
particularly so in this case. In effect, it is not only a question of providing energy to the Lory 
cooperative (further called Lory coop), but also to propose a model, a viable development tool 
that can be reproduced in the country and the region. Indeed, demonstration projects and 
feasibility studies are evidence that the technology can be utilised on a larger scale and can 
encourage its expanded use.  
 
1.2. The significance of the partners engaged  
 
The SPC, which has 22 islands and territories in its membership, covers most Pacific countries 
and is well positioned to support and promote the development efforts related to copra oil as a 
biofuel, and it is already active in this area. The SPC Renewable Energy Unit has implemented, 
through grants from the French Government, copra oil powered community diesel generators in 
two Fijian islands in 2000 and 2001. Since the beginning of 2001, various requests for 
information have been received on Copra Oil for Power from Fiji, Kiribati, the Marshall Islands, 
Papua New Guinea, the Solomon Islands and Vanuatu. Many SPC member countries and 
territories have expressed an interest in copra-biofuel technology and have requested the 
Australian- and French-funded Pacific rural Renewable Energy France-Australia Common 
Endeavour [PREFACE] of SPC to support and further advance the development on copra oil for 
energy in the region through feasibility studies and the installation of more pilot and 
demonstration projects. This POPACA/CARTV project was an opportunity for SPC to support 
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the initial work done and to promote the development of biofuel energy from coconut oil.  
 
All long-term experiments on copra oil as biofuel in Pacific Islands have been implemented and 
backed up in collaboration with CIRAD. Through the laboratory tests for the oil press, technical 
and motor adaptation studies, a large part of the work was provided by the CIRAD technical 
expertise in biofuel. The major part of the Ouvéa and Fijian projects will serve as references for 
this POPACA project. 
 
No other Pacific Island Country has an agricultural research resource equivalent to that provided 
by Vanuatu Agriculture Research and Training Centre [VARTC]. VARTC is a strong research 
support available to local agriculture and has carried out a number of research programmes in 
the field of coconuts. Because the great potential for sustainable development of agriculture has 
been recognised, France and Vanuatu co-financed the POPACA project, a programme created to 
promote sustainable agriculture in Vanuatu. This project aims at organising farmer producers to 
respond efficiently to potential demand from the world market for organic products. The project 
will assist in marketing, training, organic certification, and the organisation of co-operatives.  
 
A group of producers located in Port Olry and Lorevulko, Espiritu Santo Island envisaged to be 
supported by the POPACA project. The producers are involved in coconut tree farming and 
want to better valorise their coconut production through greater local added value and greater 
diversification. Such a demand raised the question of the possibility to produce coconut oil for 
the purpose of energy generation.  
 
A Memorandum of Understanding [Refer to Appendix II] between VARTC, hosting POPACA 
project and the SPC was signed in September 2002 to formalise collaboration between the 
different parties intervening this preliminary study.  
 
1.3. Aim of the study 
 
The study objective is to determine, on a village scale, the feasibility of using coconut oil in the 
generation of energy in order to enable growers to participate in value-adding economic 
activities, while improving and sustaining their livelihoods in a durable way and preserving the 
environment. This study is also to determine how such innovation project can form the seeds for 
a transition towards sustainable energy supply system. More specifically, it will explain how to 
accompany such a niche project in order to stimulate its replication and its wider diffusion. The 
research questions, representing the study objective, can be divided into three categories. Each 
category has its own research questions, which can be summarised as follows:  
 
��How can transition management and specifically niches conduce toward a sustainable 

energy sector under the island circumstances?  
 
- Which are the geographical, economical and ecological characteristics of islands? 
- What is transition management and how to develop such a process? 
- Which pressure rose from island’ characteristics facilitate niche project development? 
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��Which are the promise of a niche: copra oil as a biofuel? 
 
- Which background variables in the economic, energy and copra fields channel the niche 

development process towards sustainable energy generation in the PICTs?  
- Which local circumstances create room for a copra oil biofuel niche at pilot project place? 
- Which sustainable benefits may be inherent to such niche project? 
 
��How can the combination of a niche-technology and appropriate learning process prelude a 

transition towards sustainable energy?  
 
- Which are the requirements of a new regime facilitating copra oil based energy system? 
- Which important processes will ease the development of niches towards transition 

management?  
 
1.4. Research methodology  
 
First, a theoretical framework about small islands developing states characteristics is needed to 
understand the main relevant features of small islands developing states, providing a necessary 
context to the later analyses. It will be useful for discerning the external threats to transition 
management and the opportunities inherent to the system. Specific literature on transition 
management will help to shed light on new futures methodology for transition to sustainability. 
It will be the base to distinguish efforts to develop along with niche projects, in order to lead the 
current system towards transition. Then, it will be possible to understand the island 
characteristics that influence transition management, especially niches development.  
 
In order to respond to the second research question, it will be important to analyse local 
circumstances creating a niche for copra oil biofuel production and utilisation at pilot project 
place. This will be realised though fieldwork in Vanuatu. The participating actors of the project 
will be interviewed to gather the necessary information on the energy system and energy 
demand and to determination of the possible copra oil substitutions. In addition to the fieldwork, 
some literature about the few niche projects dealing with coconut oil as a biofuel, about energy 
issues and the copra food chain in Vanuatu and other PICTs provided useful information about 
factors influencing project viability, from technology choices to project management. 
 
Finally, the study hopes to link the theoretical framework on island characteristics and transition 
management with the empirical project in order to complete the circle. The study therefore 
adopts the transition management concept as a framework to investigate on the potential of 
niches. The study will propose that a transition in energy system could be realised by developing 
such niche projects together with accompanying measures that would stimulate the transition 
process.  
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1.5. Structure of the report 
 
After having presented the research objectives and questions to be dealt with, Chapter 2 deals with 
the theoretical framework on transition management and small island developing states 
characteristics. Chapter 3 sets the regional scene by reviewing the significance of coconut 
resources, the issue of imported fuel dependency and by briefly presenting successful coconut oil 
biofuel projects in the PICTs. It also examines the energy sector and copra chain in Vanuatu. After 
describing the research methodology for the empirical work in Chapter 4, we concentrate on Lory 
Coop pilot project in Chapter 5. This section presents the technical and economic potential of using 
coconut oil for generating energy, local improvements that can emerge from coconut oil and 
energy production. It also examines the economical viability for the local substitutions of 
coconut oil and, its environmental benefits and put forth recommendations. Finally, Chapter 6 
proceeds to draw conclusions.  
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CHAPTER 2 TRANSITION MANAGEMENT UNDER SMALL ISLAND                  
DEVELOPING STATES CHARACTERISTICS 

 
2.1. Overview of the island’s main properties 
 
2.1.1. Factors of islands comparative disadvantage 
 
Although islands developing states are very diverse group of countries, all are in varying 
degrees subjected to a range of disadvantages associated with their small size, geographical 
dispersion, remoteness and proneness to natural disasters.  
 
2.1.1.1. The issue of smallness 
 
Due to their small size, many islands developing states have a narrow natural and human 
resource base and a small domestic market. This causes heavy import dependence that must be 
financed by a corresponding export effort. However, small island developing countries are 
seriously constrained in their efforts to expand their export sector because of the low domestic 
technological capability and the narrow range of resources available to support the export base 
(UN, 1996b). The inevitable specialisation and openness of small islands have a number of 
implications for policy, in particular, make self-sufficiency hardly possible in many small-island 
sectors (Hein P.L., 1990a). A small domestic market and the need for a relatively large amount 
of foreign exchange to pay for the large import bill, gives rise to a relatively high dependence on 
exports (Briguglio L., 1990) and makes islands’ economies extremely vulnerable to external 
shocks and international price/demand fluctuations (UN, 1996b). 
 
Small size renders the economies of scale difficult or unable to achieve, mostly resulting from 
the absence of a critical size, either in investment or in the production process, at the level of 
domestic consumption or in terms of access to an external market (UN, 1996b). This gives rise 
to high per unit costs of production, high costs of infrastructural construction per capita, high 
per unit costs of training specialised manpower, and a high degree of dependence on imported 
technologies, since small size inhibits the development of endogenous technology (Briguglio L., 
1990). This difficulty to achieve economies of scale in administration, production and 
transportation provides very real constraints to nearly all small islands (Brookfield H.C., 1990).  
 
Small islands developing states share a variety of political and institutional problems, including 
data and staffing deficiencies. Small size creates problems associated a small manpower 
resource base from which to draw experienced and efficient administrators. Very often many 
local specialists emigrate to larger countries where their services are better utilised and 
remunerated (McElroy J.L. and de Alburquerque K., 1990). Therefore, this leads to a certain 
reliance on larger states, generally the ex-colonising country, for certain specialised aspects of 
public administration. Likewise, heavy dependence on outside aid is another characteristic of 
small islands developing states, which tend to receive much higher external assistance per capita 
than any other countries (Briguglio L., 1990). 
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Small societies have problems in policy-making, administrative, and management processes 
other than those arising from diseconomies of scale: ‘On small islands, most people are either 
closely related or know each other well. It is much more difficult to formulate and apply policies 
on their own merits, and decisions are inevitably influenced by personal and kinship relations’ 
(Hein P.L., 1990a). 
 
2.1.1.2. The issue of remoteness 
 
Geographic isolation of the small islands developing states coupled with the distances that 
separate individual islands constituting archipelagos, cause extensive and difficult supply, 
transportation and communication problems (Liew J., 1990).  
 
Remoteness from international markets results in transportation costs that tend to be relatively 
higher per unit of export than in other countries (Briguglio L., 1990). Because islands must use 
shipping or air transport, local traffic is expensive. Moreover, they cannot engage in border 
trade and share infrastructure such as an international airport or a deep water port with a 
neighbour or connect with its road network, water and electricity system (Hein P.L., 1990b). 
High transportation costs reduce competitiveness, and certain shipping linkages are significant 
obstacles to efficient exports manufacturing. For example, ESCAP (2002) recognised that the 
location, small size and dispersion of the developing island countries make the use of imported 
energy resources and technologies comparatively expensive. 
 
Remoteness from the main commercial centres may also gives rise to time delays and 
unreliability in transport services, creating longer delivery periods and uncertainties in the 
provision of industrial supplies (Hein P.L., 1990a). Archipelagos dispersed over a wide area 
suffer from additional disadvantage of having to duplicate services on more than one island.  
 
An additional problem is that when transport is not frequent and/or regular, enterprises in 
islands find it difficult to meet sudden changes in demand, unless they keep large stocks. This 
implies additional cost of production, associated with tied up capital, rent of warehousing and 
wages of storekeepers (Briguglio L., 1990). 
 
2.1.1.3. Proneness to natural disasters and environmental problems 
 
The already precarious economy of island developing countries is further exacerbated by their 
proneness to natural disasters. Although natural disasters also occur in non-island countries, 
their impact on an island’s economy is expected to be relatively larger in terms of damage since 
its effects are all-pervasive and often totally devastating for agriculture, as well as tourism and 
other activities and infrastructure in general (UN, 1996b).  
 
Increased demand for residential housing and industrial production gives rise to a fast depletion 
of agricultural land; tourism and marine related activities leads to intense use of the coastal zone 
and generates a relatively large amount of waste. The pressure on the environment arising from 
the process of economic development in islands developing states tends to be much higher than 
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in other countries due to the small size of these countries. 
 

Island developing states tend to have a unique and very fragile ecosystem. The uniqueness, 
which is an outcome of the insularity, renders islands developing states important contributors to 
global diversity. The fragility results in the low level of resistance of these islands flore, fauna 
and people to outside influences (Hein P.L., 1990a). Furthermore, the export economy in many 
island developing countries is indirectly threatened by the damage caused by global hazards, 
such as global warming and the resulting rising sea level, which exacerbate the economic and 
environmental fragility of island developing countries. Their effects on the low-lying islands 
would be catastrophic without any means of defence (Brookflield H.C., 1990). 
 
The preferred alternative is to prevent island ecosystem degradation in the first place. Small 
island institutions, however, generally lack the means to perform all the research or planning 
needed to reconciliate their development needs with their environmental needs (Hein P.L., 
1990b). In addition, the research must be interdisciplinary, further removing it from the 
capabilities of most insular organisation.  
 
2.1.1.4. External dependence and economic vulnerability 
 
As a result of their specific handicaps, islands developing countries are intrinsically vulnerable. 
Vulnerability, however, connotes a degree of exposure to various risks, but does not imply that 
the threats underlying these risks are necessarily verified. In the absence of realisation of risks, 
an island country might demonstrate a good economic performance. However, very few small 
islands developing states have remained undisturbed by external shocks or negative influences. 
External shocks, particularly those relating to international trade, represent a general threat from 
which virtually no small island developing states is likely to escape.  
 
The disparity of development between the out-lying islands or rural areas and the urban centres 
has social and economic consequences, including urban drift. In addition, the serious effects of 
inflation, falling price of primary produce, the relative high cost of fuel and the increasing 
dependence on imports have worked against the economic development of these small islands 
developing states (Liew J., 1990). 
 
The island developing countries, however, also have a range of advantages that are often not 
completely perceived and exploited. 
 
2.1.2. Factors of comparative advantage  
 
On the whole, the characteristics linked to small size, and remoteness act as constraints to the 
development of small islands developing states. However, the relationship between smallness or 
remoteness and economic performance is not static and has changed in recent times. In 
particular, the inverse causality between the lack of opportunities to find economies of scale (the 
overriding consequence of smallness) and the economic viability of projects has decreased as a 
result of success, in some small island developing states, in adopting more appropriate 
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technology and realising small-scale investment (UN, 1996b). From the point of view of the 
small farmer and small business, islands are not small. It is only for larger enterprises that small 
scale of islands becomes a physical constraint. Moreover, size alone is not disadvantageous 
when both producers and consumers are local (Brookfield H.C., 1990).  
 
With the cost of energy imports exceeding earnings from merchandise exports in many small 
island developing countries, every effort has to be made to substitute other energy sources at 
lower cost. Structural disadvantages of small islands developing states make them vulnerable 
but are factors that create an incentive to develop and manage indigenous energy resources in 
island communities. Therefore, most immediate prospects for introducing niche projects of 
renewable sources of energy are likely to be found in outlying islands with small communities 
to overcome the structural disadvantages of their location and the scattered nature of the 
archipelago. The flip side of this coin of the disadvantage of isolation is the natural protection of 
domestic markets given by remoteness. 
 
2.2. The use of niches as a way to manage a technological transition  
 
2.2.1. The need for technological regime shift 
 
The United Nations Conference on Environment and Development, held in Rio de Janeiro, in 
1992 called for the achievement of a sustainable energy future for all.  The Global Conference 
on the Sustainable Development of Small Island Developing States, held in Barbados had 
translated Agenda 21 into specific policies, actions and measures to be taken at the national, 
regional and international levels to enable small island developing states to achieve sustainable 
development, minimising the stress on their fragile ecosystems.  Concerned about the energy 
sector in particular, Barbados Programme of Action for the Sustainable Development of Small 
Island Developing States, also called to gather and disseminate information, and promote 
regional cooperation and technical exchanges among small island developing states on energy-
sector issues, including new and renewable sources of energy (ESCAP, 2002).  A regional 
consensus, affirmed at the 2002 Regional Energy Meeting in the Cook Islands and finalised 
through Rarotonga Declaration agreed on a shared vision: ‘Available, reliable, affordable, and 
environmentally sound energy for sustainable development for all Pacific islanders’ (CROP 
EWG, 2002). 
 
These declarations are not exhaustive. For the past decade, there has been mounting pressure to 
ensure that the energy sector pay sufficient attention to environmental and social issues while 
ensuring that there is enough energy to support the development of the PICTs. Despite past 
efforts to promote widespread use of renewable energy, progress in general has been rather slow 
(CROP EWG, 2002). 
 
Therefore, one distinguishes a conflict between the short-term goals to supply energy to rural 
areas and the long-term changes needed for sustainability in PICTs. One should not only 
develop visions of a sustainable future but also make additional efforts to develop a transition 
path towards the realisation of such visions while meeting the specific needs and priorities of the 
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PICTs. Elzen B. et al. (2002) emphasise that more improvements for sustainability can be 
achieved through system innovation or transition. Transitions imply the development and 
application of new technologies but also necessitates new user practices, new regulation and 
policy, new infrastructures, new networks and institutional changes (hence, the name ‘socio-
technical’ is employed). Indeed, environmental outcomes are not technology-inherent but 
system-inherent, i.e., they depend on the ways in which technologies are configured and used in 
society (Kemp R., 2002). A number of important boundary conditions set by other domains than 
technology can strengthen or slow down the transition.  
 
Transition management breaks with current policy planning and implementation. Long-term 
visions shape short term goals (Kemp R. and Rotmans J., 2001). More than one domain and 
different actors at different scale levels are taken into account. Even if transition management is 
oriented towards system innovation it also aims at improving existing system as a route towards 
sustainability (Rotmans J. et al., 2001). Long-term visions can be adjusted as a result of what 
has been learned by the niche participants and different actors involved in the various social 
experiments using new technology.  
 
2.2.2. Multi-level perspective on transitions 
 
Rip A. and Kemp R. (1998) multilevel scheme makes a distinction between niches, regimes and 
the socio-technical landscape. This scheme is based on existing systems but also pays attention 
to its wider context and dynamics in it. It considers that technology is shaped by social, 
economic, cultural and political forces. Therefore, the development and use of new technologies 
in niches leads to social learning processes that may transform the existing system.  
 
The socio-technical landscape relates to the background factors in society such as social 
values, country economic opportunities, political culture, demography, material infrastructure 
and the natural environment. It is a context for interaction of actors and remains external to the 
system. It channels transition processes but changes itself very slowly (Elzen B. et al., 2002).  
 
Socio-technical regimes refer to the dominant practices, rules and shared assumptions that 
guide public policy and structure private action. Regimes refer to the sets of elements 
(technology, policy, infrastructures, etc.) that are interconnected and which together fulfil a 
societal function such as energy-supply (Elzen B. et al., 2002). It also refers to rules that are 
implicit in the structure of a technological regime: in the knowledge base, in practices and beliefs, in 
management systems, corporate governance structures, etc.  
 
Niches correspond to the local level in which new technologies are experimented and radical 
innovations are generated. Niche refers to a branch, a limited domain of application. It may be 
protected or insulated from the market, spatial or application-specific, created by all kind of 
actors, and may be the result of the local circumstances (Elzen B. et al., 2002). Niches provide 
locations for demonstrating the viability of the new technology, for learning processes, and a space 
to build the social networks that support innovations.  
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The relation between landscape, regimes and niches can be understood as a multi-level 
hierarchy. Regimes are embedded within landscapes and niches within regimes. At meso-level, 
socio-technical regimes account for the stability of existing technological development. It may 
change as a result of self-examination and sometimes in response to bottom-up pressures from 
the micro-level (Rotmans J. et al., 2001). The macro-level of landscape affects development but 
only changes slowly (Kemp R. and Rotmans J., 2001). Radical innovations emerge at the micro 
level of niches, in the context of existing regimes and landscape. New technology hold promise 
to play a role in the regime, which may improve to allow innovation to develop.  
 
2.2.3. Transition management into policy 
 
Transition management consists of a deliberate attempt to work towards a structural change in a 
stepwise, adaptive manner, using dynamics in technology, markets and governance, exploiting 
windows of opportunity (Kemp R., 2002). However, it does not focus so much in the realisation 
of a specific transition; it may be enough to improve existing systems (Rotmans J. et al., 2001). 
Indeed, the transition objective is an important element of transition but does not have to be set 
in stone. Goals and policies are constantly assessed and periodically adjusted, without losing a 
long-term focus, creating some flexibility but maintains a sense of direction (Kemp R., 2002).  
 
The process remains gradual and continuous and can be divided into four different transition 
stages (Kemp R. and Rotmans J., 2001). The predevelopment phase consists of a lot of 
experimentation but very little visible change. The process of change gets under way during the 
take-off phase because the state of the system begins to shift. The acceleration phase is 
characterised by socio-cultural, economic, ecological and institutional changes reacting to each 
other. These changes are strengthened by learning processes (learning-by-doing and doing-by-
learning (Kemp R. and Rotmans J., 2001)). Such processes exercise through the use of social 
experiments with new technologies and the dissemination of knowledge that is gathered in these 
projects. This allows the different actors who take part in the project development to know more 
about problems, needs and possibilities of the new technology to be developed within the 
existing system. Finally new dynamic equilibrium is reached during stabilisation phase (Kemp 
R. and Rotmans J., 2001). The role of government in transition management is thus a plural one: 
facilitator, stimulator, controller and director depending on the stage of the transition (Rotmans 
J. et al., 2001). During the predevelopment phase, for example, it should be more oriented to 
encouraging outsiders as the source of innovative and should later create support for a transition 
management. 
 
The strategy to manage a transition process is to create protected areas or take the advantage of 
locational circumstances where new technologies get a chance to develop. Niches may emerge 
and develop partly in response to pressure on an existing regime and often play a crucial role in 
the early phases of a transition (Elzen B. et al., 2002). This pressure may create different 
opportunities for innovation and stimulate actors to experiment with many technical options. 
Usually, innovation projects may merge with each other or with part of the regime to the point 
that they have effects at the regime-level. They are important for learning more about the technical 
and economical feasibility and environmental gains of the new technology, making the institutional 
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connections and adaptations, building a network around the new technology and stimulating the 
further development of the new technology.  
 
2.2.4. Energy transition management in the small islands developing states 
 
The perceived unsustainability of the existing energy system - the CO2 emissions contributing 
to climate change and causing increased sea levels, and the dependence on fossil fuels, making 
PICTs’ economy vulnerable to price change - by all the policy actors, the PICTs commitment to 
the Kyoto protocol and the groundswell of popular support for using copra oil as a biofuel are 
drivers for change.  
 
As previously seen, research reveals useful insights about the characteristics of the island 
developing states and their behaviour of controlling heterogeneous factors such economic 
development, environmental problems etc. In these islands, key heterogeneous factors interact to 
condition developments in a range of regimes and define the stability of the overall system in 
the face of system innovation. It is noteworthy that more effort must be emphasised on the 
integration of these factors so that technological changes allow a path toward transition to 
sustainable development.  
 
According to Kemp R. and Rotmans J. (2001), the selection of a collective transition objective is 
an essential element of transition management and helpful in understanding the bigger picture, 
as energy is an integral function of society and is driven by factors other than energy policy 
alone. The second step concerns final visions of energy transition. The formulation of interim 
objectives linked to the final energy vision is the third step of transition management (Rotmans 
J. et al., 2001). For Dolman A.J. (1990), energy planning must identify the most appropriate 
technology for specific energy problems. The problem to be solved should form the starting 
point, providing a framework for evaluating social, cultural and political barriers to development 
of a new technology.  
 
Niche projects are the basis of a transition management. Niches are well adapted to the PICTs 
characteristics, being micro-development experiences, involving few inputs, few outputs and 
little markets. Some of the disadvantages faced by islands developing countries can then turn 
into advantages for the implementation of micro-initiatives. Therefore, the relationship between 
island-specific handicaps related to their small size and remoteness and their economic 
performance can evolve, even though the disadvantages of "islandness" remain real.  
 
The concept of transition management provides a support for analysing the following case 
study. It is of importance to mention that Lory Coop project is not set up as a niche in a 
formulated transition management. However, this specific experimentation appears promising in 
view of sustainable energy system in the PICTs. Therefore, it will be used as an analytical tool 
to the concept of transition management. The following part will present the background of the 
project. In the context of literature presented in this chapter, it corresponds to the landscape and 
regime factors in which the niche project will evolve.  
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CHAPTER 3 REGIONAL AND NATIONAL CONTEXT  
 
3.1. Regional situation, the Pacific Island Countries and Territories 
 
3.1.1. Structural and economic background 
 
Pacific Island Countries and Territories are small and have vulnerable economies, which consist 
mainly of their marine resources, relatively fertile agricultural land and tourism potential 
(SPREP, 1996). Agriculture remains the major source of subsistence and cash income for the 
large majority of the population virtually throughout the PICTs. Indeed, exports consist mainly 
of primary commodities such as copra, cocoa, squash, coffee, fish and logs. These commodities 
are sensitive to the vagaries of nature and to fluctuations in world markets, resulting in a high 
level of volatility in export earnings. The production base of economies in the Pacific is small 
and there is only a limited capacity to adjust to such volatility (SPREP, 1996). Moreover, their 
exports are significantly less than their imports, and the economies are heavily dependent upon 
remittances, external assistance and borrowing. 
 
The paradox of low rates of economic growth, despite high foreign-resource inflows and 
significant investment, continues to be a major issue (Courty P., 2000). The geographical 
fragmentation of the PICTs, their remoteness and their small size are fundamental constraints on 
their economic development. The small size restricts the possibilities for economies of scale and 
diversification of production (ADB, 2000). Not only are PICTs small to extremely small, their 
remoteness and isolation from Japan, North America and Europe, the main centres of global 
consumption, makes it more difficult to compensate for the limited domestic markets by turning 
to world markets (UN, 1999). The dispersion and isolation of the islands fragment their markets, 
and make political administration, transport and communication complicated and expensive. 
The countries therefore remain vulnerable given their high dependence on external trade and 
financial support. Other structural issues include inefficient land markets, shortage of human 
resources, poor public sector performance, and weak private sector development (ADB, 2002).  
 
The region is also environmentally fragile, with parts being particularly vulnerable to natural 
disasters such as cyclones, while global warming has the potential to completely submerge atoll 
countries like the Marshall Islands, Tokelau and Tuvalu (Courty P., 2000).  
 
3.1.2. Characteristics of the energy sector in PICTs 
 
3.1.2.1. Policy context 

Even though PICTs contribute negligibly to global greenhouse gas concentrations compared to 
most other countries they are concerned about the present state of the environment in their 
region. Furthermore, they are fully aware of the detrimental effects of environmental 
degradation and global warning on small island nations. The importance of reducing greenhouse 
gas emissions globally and developing renewable and energy efficiency options has been well 
recognised at the highest levels in the region.  
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This has been reflected in numerous Communiqués of the Pacific Islands Forum. Among them, 
Nauru Forum (August 2001) Pacific heads of Government ‘called for further commitments to 
reduce greenhouse gas emissions in the future’ and ‘further recognised the benefits of 
encouraging renewable energy and energy efficiency to advance the reduction of greenhouse gas 
emissions’ (Fairbairn P. and Miles G., 2001). 
 
Moreover, all Pacific Island Countries (with three exceptions) have ratified the Framework 
Convention on Climate Change [FCCC] and are now taking action to ensure compliance 
through a coordinated series of projects. Comprehensive and coordinated support to all Pacific 
Island parties to the FCCC is to be provided under the Global Environment Facility [GEF]-
funded Pacific Islands Climate Change Assistance Project [PICCAP]. This project is to 
coordinate enabling activities in the region to meet national communications obligations under 
the FCCC (SPREP, 1996). 

 
As part of the region’s effort to address the energy challenges they face, a Regional Energy 
Policy Plan has been developed. It acknowledges the vital role of energy in achieving sustained 
economic growth, especially for the least developed countries, and recognises the complexities 
and interdependencies inherent in addressing energy issues within the context of sustainable 
development. The PICTs face a unique and challenging situation with respect to energy for 
sustainable development. 
 
3.1.2.2. Energy Scene 
Renewable Energy is one of the major inter-related components of the energy sector. It will be 
analysed according to the following five themes, shown graphically in the figure below. Four 
cross-cutting issues are also identified at the bottom of the figure.  
 

Figure 1 The inter-related components of the energy sector 

 
 
 
 
 
 
 
 
 
 
 
 
 

Source: adapted from CROP EWG, 2002 
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3.1.2.3. Policy and planning 

As stated before, the prominence accorded to energy issues in a global economy presents great 
challenges to policy and planning in PICTs. In addition, PICTs are faced with scarce energy 
resources and a heavy reliance on imported fossil fuels to meet their energy needs. Hence they 
need a strategic and sustainable approach to the development and implementation of policies, 
and the ability to plan to meet future energy sector requirements.  
 
3.1.2.4. Power sector 

Electricity in PICTs is available mainly in cities and surrounding rural areas, and in most of 
these countries electricity is generated from diesel-based systems, since that is an economical 
option for power generation in remote areas. However, it is very costly because most generation 
systems are on a small-scale to very small-scale basis. In most PICTs, the cost of electricity 
generation using diesel-based utilities with capacities of 5 to 20 MW is more than US$ 0.20 per 
kilowatt-hour. By comparison, electricity generation costs in industrialised countries average 
$0.10 to $0.15 per kilowatt-hour (UN, 1996a). 
 
3.1.2.5. Transport sector 

Transportation is an essential service that enables economic and social development. It accounts 
for about 50% of the region’s use of petroleum products and polluting emissions, with national 
shares varying from 34% to 70% (CROP EWG, 2002). 
 
3.1.2.6. Reliance on petroleum products  

PICTs share a heavy dependence on imported petroleum (which accounts for 45% of primary 
energy consumption on average, with a range of 34-99%, World Bank report, 1992a). Although 
they are low energy consumers in global terms, their energy costs are high relative to their small 
economies. World Bank report (1992a) showed the tremendous impact of petroleum imports on 
the economy. The ratio of petroleum imports to total exports is 15%, ranging from a low of 10% 
for Papua New Guinea to a high of over 400% for the Marshall Islands, Palau and Tuvalu. This 
constitutes a dangerous dependency situation, and in cases of a major disruption in the fuel 
supply due to global shortages, rising prices, conflicts or other causes, the consequences would 
be dramatic.  
 
In several Pacific islands, the associated trade and current account deficits are often met by a 
combination of foreign borrowing, budgetary aid grants and export of other resources especially 
tropical timber and fisheries (Etherington D.M. et al. 1999). Thus, the diesel dependency can 
have a direct impact on forest management in the region [See Figure 2]. This, in turn, can 
impact environment and the region sustainability through resource depletion, erosion, etc. 
Moreover, the highly volatile copra oil price on the world market can have a direct effect on 
forest health. Farmers respond by abandoning coconuts when prices are low, losing their prime 
source of cash income. This encourages landowners to sell off their rainforests resources to make 
ends meet (Etherington D.M. et al. 1999).  
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Figure 2 The web of relationships between diesel dependency, economy and environment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       Source: Etherington D.M. et al. (1999) 
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generation and transportation. For reasons of social equity and rural development, PICTs are 
actively involved in rural electrification. However, governments recognise the poor success rate 
associated with some programmes internationally (SPREP, 1996). 
 
Difficulties which have occurred in supplying energy to isolated, dispersed populations located 
far away from any urban centre make it necessary to find solutions using available energy 
sources. It is worthwhile considering local energy sources such as copra oil which can be used 
in its natural form in slightly modified engines. 
 
PICTs development path in the energy field has evolved to be dependent on fossil fuel. Coconut 
trees, the most abundant resource in the islands, could prove to be the key to achieving 
environmentally sustainable development in the region while contributing to the mitigation of 
global warming. The key is on-site coconut-oil production and adaptive technology to replace 
the use of fossil fuel in rural electrification and motorised transport. 

 
3.1.3. Utilisation of copra oil in fossil fuel replacement applications 
 
3.1.3.1. The significance of coconut sector 

The coconut tree called the "Tree of Life" is a vital component of island ecosystems and often 
the only local source of cash income for many rural communities in the Pacific region. 
Removing and drying the coconut kernel to make "copra" has been the primary source of 
income for coastal people in the PICTs for generations, and still plays a fundamental role in 
their economies and in income distribution to the most rural families, which often depend on 
copra sales for school fees, taxes and to purchase basic necessities. Although coconuts represent 
a continuous sustainable resource, low and highly unstable prices mean that coconut farming as 
a traditional mono-culture is no longer economically viable for smallholders (Courty P., 2000). 
While the prices of all primary commodities tend to be unstable, vegetable oils are particularly 
variable, with copra and coconut oil ranked as the most unstable of all commodities 
(Etherington D.M., 1995). Over last 50 years competition from other oilseeds has unsteadily 
eroded copra prices at about 2% per year (Etherington D.M., 1995). 
 
In response to this situation, the countries in the region are studying alternatives such as 
production diversification and the transfer of processing units to production sites. Technology 
enables the extraction of coconut oil [CNO] at a local level. One possibility for this oil would be 
to offset some of local consumption including petroleum or to find niche market opportunities to 
give more added value to the nuts. 
 
3.1.3.2. Research and niche projects on biofuel energy from copra oil 

The idea of using copra oil as a biofuel was already developed during the Second World War 
when the armies fighting in the Philippines used CNO to run diesel engines. Since then, many 
further experiments and trials have been successfully run using coconut oil as a direct substitute 
for diesel.  
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Different reported short-term tests1 and Etherington D. M. and Hagen D.L. (1993), allows us to 
say that copra oil has been successfully used in engines, though some have had problems. The 
main difficulties are CNO freezing at 24°C, filters clogging up on crude CNO and injectors 
coking up with leaky injectors. However, using good quality copra and a careful oil filtration 
should eliminate most impurities and microbiological growth then filter and injectors clogging; 
preheating the fuel filter, pump, line and injector should allow engines to start directly on 
coconut oil. Moreover, of all oils, CNO has been recognised as technically the most suitable 
direct substitute for diesel oil (Etherington D., 1995). Coconut oil as a replacement for diesel in 
compression ignition engines has been demonstrated through short-term experiments, which 
have been recently confirmed with long-term trials. Appendix III presents a more detailed 
description of the following experiments. 
 
The Ouvéa experience  
The work conducted since 1994 by CIRAD and the Loyalty Islands Province (New Caledonia) 
on the Ouvéa Island was at this time the only reference project in the region relating to electrical 
energy production from copra oil. It demonstrated the technical viability of the process and the 
possibility of its use by an organised group of producers (Courty P. et al., 2000). This project 
led to the establishment of an oil-mill powered by a 90-kVA generator running on crude copra 
oil. Two other CNO power groups (180 kVA and 45-kVA generator) have been installed in 
1999 at the Ouvéa Island’s seawater desalination plant. A soap factory has been implemented in 
2000, as well as three coconut oil fuelled pumps for drinkable water distribution and a four-
wheel drive car. Enercal, the local energy utility sector, is to be equipped with a coconut oil 
generating set of 165-kVA running on copra oil.  
 
The Ouvéa initiative is a good technical example for the region and proved that crude copra oil 
can be included among biofuels. As around 400 families are involved in copra production on 
this 3500 inhabitant’s island it is also a good social initiative to make use of local resources, to 
keep local income within the community and to maintain and create employment in Ouvéa. 
However, Ouvéa’s political status of French Overseas Territory makes for a very different 
context than that in any PICTs. Indeed, in addition to numerous types of assistance for the 
project development, there is a strong social and financial support so that this benchmark project 
cannot be economically comparable.  
 
The Fijian projects  
The SPC and CIRAD delivered two similar projects to Fiji. One, 80-kVA in size, supplies 
electricity to three villages (198 households) and an oil mill on Vanuabalavu Island. The second, 
a 50-kVA generating set on Taveuni, supplies a 60 household Welagi village and a small oil 
plant (Courty P., 2000). Half of this oil is used to generate electricity for local inhabitants. In 
both locations oil production has been accompanied by the creation of a workshop and premium 
oil quality, giving a high added value to the nut and allowing the production of good quality 
soap, shampoo and perfumed oil. Contrary to the Ouvéa project, Fijian pilot project 
demonstrated the technical, social as well as the economical feasibility of using coconut oil in 
the generation of electricity in rural communities. 
                                                 

1Solly R. K. (1982). Etherington (1999); Etherington D. M. and Hagen D. (1993). Pandey R. K. (2001). 
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Vanuatu transportation experience 
In Vanuatu, Tony Deamer, Motor Traders, has been operating his fleet of vehicles on various 
blends of coconut oil and diesel in several ratios along with a coconut oil and kerosene mix and 
is engaged to convince Vanuatu’s motorists to top their fuel tanks with a mix of diesel and 
coconut oil. Lots of tests fitted with a simple heat exchanger showed good results in terms of 
performance, fuel mileage and drivability (Deamer T. et al., 2002). He participated in the 
formulation of the “Island Fuel”2, a blend of copra oil and diesel, which is sold on the retail 
market in Port Vila and has been accepted by the local bus drivers. Over 100 buses are now 
running in Port Vila on this “Island Fuel” (Deamer T. et al., 2002). 
 
3.2 Vanuatu background 
 
The republic of Vanuatu, formerly known as the New Hebrides under the joint British-French 
condominium, is now a member of the British Commonwealth. Vanuatu, which comprises 83 
islands, presents a large number of characteristics of small, insular economies, such as the 
exiguity of territory (14 700 km²) and a reduced size of population  (about 190,000 inhabitants, 
Vanuatu Statistics Office 2000b). The rural population (80% of the population) is dispersed 
amongst the island group with limited communication with the urban centres of Port Vila on the 
island of Efate and Luganville on Espiritu Santo Island [Refer to map in Appendix I]. 
 
3.2.1. Economic framework 
 
The country has a dual economy, comprising of a smallholder subsistence agricultural sector 
and a small monetary sector, based on manufacturing, trading, banking tourism and shipping 
services. Agriculture is more important to Vanuatu than for any other Pacific island economy 
(ADB, 1996) and accounts for nearly all domestic exports (coconut products, beef, cocoa, coffee 
and timber). 
 
The external account is dependant on a narrow range of exports, and import dependency is high 
(ADB, 1996). Economic growth is weak, substantial year to year fluctuations have occurred and 
reflect the fragile nature of economy, dependency on a narrow range of commodities, vagaries 
of primary commodities prices, and cyclones (ADB, 1996). Superimposed on the problem of 
size, Vanuatu suffers the structural disadvantage of its distance from world markets, the 
scattered nature of the archipelago (Ribier V. and Rouzière A., 1998), and frequent cyclones. 
However, for such a country, the flip side of this coin is the disadvantage of isolation being the 
natural protection of domestic markets given by remoteness. 

'Vanuatu's geographical position - insular, with a scattered archipelago - 
undoubtedly increases the cost of CIF operations for exports, but also increases the 
costs of import. What was a structural disadvantage for exports becomes a structural 
advantage if products can be used on the local market to replace certain imports. 

                                                 
2 Island Fuel contains 60% coconut oil that is firstly processed to clean it and remove all solids 
and  free  fatty acids. The fuel is then filtered through a 3-micron filter.  Island Fuel presently sells in Vila for 12 
Vatu less than diesel. 
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This is even more advantageous if products are used on the islands: copra is no 
longer subject to the cost of either international transport or transport between the 
islands (32% and 16% of the cost of CIF operations respectively), whereas the 
imported product is subject to both types of costs and reaches the islands at a very 
high price’. (De Taffin et al. 1993, p. 34). 

With coconut oil replacement for diesel, we will further show that the structural disadvantages can 
be turned to local advantages. It can be possible to produce copra oil locally, and there must be 
imported products substitutable by coconut oil. 

 
3.2.2. Energy in Vanuatu 
 
3.2.2.1. Policy issues 

Vanuatu, like most other developing countries involved with rural electrification, is continuing 
to pursue the rural electrification program as part of its economic development efforts and 
prosperity. The government set up an organisation in 1985 known as the Energy Unit to be the 
responsible governmental body for all energy related matters, especially the decentralisation of 
electrical power to the population living in the rural areas (Kalmet M., 2000). Likewise, it has 
shown great interest in the implementation and utilisation of renewable and indigenous energy 
sources as part of decentralisation of electricity to the rural communities.  
 
Since early 1992, Energy Unit has been involved in a number of rural electrification projects 
that were funded by aid donors, with approximately 500 stand-alone systems being installed in 
both individual solar home systems and community systems (Kalmet M., 2000). In 1994, the 
Unit oversaw the Sarakata Hydro Power station being implemented, consisting of two turbines 
each having a capacity of 300KW. The money generated from hydropower by saving fossil fuel 
is to be utilised for the further expanding, by decentralisation, of electricity power to the rural 
areas using alternative, cheaper and environmentally friendly sources of energy to oil-based 
fuels.  
 
The limited extent of the energy sector’s development to date has resulted in some 
improvements in the living environment while not producing significant detrimental 
environmental impacts. Nevertheless, the expansion of development activities and the fast 
growth of the country’s population3 means that energy related environmental problems are a real 
future prospect, unless energy development is placed on a sound basis of environmental 
assessment and planning (World Bank, 1992b). 
 
The Government priority for developing the renewable energy resources still remains. The 
development of renewable energy and energy conservation together with appropriate legislation 
is necessary if the government policies are to be met, in particularly with rural electrification 
(Moly, L., 1998). This is important so as to achieve further a degree in upgrading the living 
conditions of the rural population, which represent 80% of the country’s population and 
reducing the number of people drifting into the urban areas. 
                                                 
3 Population growth: 3.5% (Wordbank, 2002) 
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Vanuatu signed the Kyoto Protocol in August 2001. The Pacific Island Climate Change 
Assistance Programme of Vanuatu [PICCAP] also launched a Vanuatu National Implementation 
Strategy [NIS] on Climate Change. The report was published in November 2001 and includes 
guidance. Some main points refer to the use of coconut oil as a substitute for fuel to the 
pursuance of opportunities under the Clean Development Mechanism [CDM] of the Kyoto 
Protocol.  
 
(i) With the current dependency on fossil fuels, it is now realised that national economic 

growth and development could be greatly enhanced by maximising the use of available 
renewable energy sources. 

 
(ii) There exists a large potential for rural renewable energy development, including, inter 

alia, mini hydropower schemes, geothermal, solar and PV Systems, wind power 
generation and ocean thermal.  

 
(iii) Opportunities do exist to manage and operate diesel generators with coconut oil and 

diesel mixes. Coconut Oil Production Vanuatu Ltd [COPV] is taking the lead role in 
proving the viability of this potential renewable energy source, and this initiative could 
be adopted by the high demand users, such as the industrial sector, and low solitary 
domestic users of electricity supply, in particular government, and local authorities 
services, including schools, in both rural and urban centres. 

 
(iv) The rural electrification policy needs to address and emphasise the regulatory role of the 

national Government in ensuring the effective services provided by the utilities, which 
meets the requirements of rural development and policy initiatives utilising the available 
renewable energy sources.   

 
3.2.2.2. Energy consumption 

Because of its geographic structure and population repartition, energy consumption in Vanuatu 
continues to depend heavily on traditional forms of biomass energy, wood and harvest residues 
[Refer to Figure 3]. Households contribute approximately to 45% of energy consumption, of 
which 95% derives from biomass (Baron V., 1994). The agricultural sector participates to 26% 
of energy consumption, also mainly from biomass. Petroleum products supply the rest of the 
energy needed for transportation, industrial and trading sectors. 
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Figure 3 Origin of energy and energy consumption distribution in Vanuatu   
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       Sources: World Bank, 1992b, Baron V. (1994).  
 
3.2.2.3. Electricity production 

The number of isolated sites and the great distances which separate them make any centralised 
electricity production and construction of a distribution network impossible. Besides, only the 
archipelago’s two biggest cities have electricity, along with Tanna and Malekula Islands.  
 
Urban areas 
The two municipalities of Port Vila and Luganville, and their closely surrounding areas, are 
supplied with electricity by the privately owned electricity power company UNELCO that 
operates, maintains, refurbishes and expands the urban power sector assets in Vanuatu on behalf 
of the government. Electricity supply system is entirely diesel-based in Port Vila and consists of 
11.5 MW power system. The Luganville system, rated at 2.8 MW, comes from a combination of 
a hydropower generation and diesel-based generator (Kalmet M., 2000). For an average 
household in the urban area, electricity is mainly used for lighting, audio-visual, cooking and 
communication purposes. 
 
Rural areas  
In the rural areas, several power supplies generated by small diesel generators are owned and 
operated by Government institutions, church organisations, schools, dispensary and commercial 
farmers. The average rural household would use electricity mainly for lighting purposes. It is 
estimated that the installed capacity of these small diesel generators is approximately 4.4 MW.  
 
The Energy Unit, being the main body for implementing and overseeing electrification of rural 
areas, has utilised solar power energy to provide electricity to a number of rural community 
facilities and individual homes since the late 1980’s. The solar power systems installed are 
exploited mainly for basic lighting purposes to allow users to further improve their basic living 
standards and assist in reducing the urban migration drift. The output capacity of the solar 
installations carried out by the Energy Unit in the rural area stands approximately at 6.4 kW 
(Moly L., 1998).  
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3.2.2.4. Petroleum products consumption 

All petroleum products are imported in Port Vila and Luganville and sold by 3 international 
companies: Shell, BP and Mobil. These companies import the country's fuel from either 
Australia or Singapore. Because of inadequate port facilities, the country's fuel has to be trans-
shipped on small capacity boat (<20 000 tonnes) through Suva and Nouméa where 
hydrocarbons are transferred from warehouses. As shown in Figure 4, the country consumes 
about 40 million litres of petroleum products, including 26 million litres of diesel, per year, 
which counts for 1 600 millions Vt.4  
 

Figure 4 Petroleum product consumption for Vanuatu 
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   Source: Energy unit, Compiled information from Oil Companies (Shell, Mobil & BP) 
 
While fuel distribution is done by petroleum companies in Port Vila and Luganville, in other 
localities on Efate, Santo and other islands, small distributors transport hydrocarbons in 200 l 
containers, which leads to high cost, high losses, and difficult transport arrangements. This 
mode of transportation involves about 15% loss of product and about 20% loss of empty drums, 
resulting in an increase of about 20 Vt/l in the cost of the product. (World Bank, 1992b). 
Resulting petroleum prices applied to consumer are detailed in Table 1.  
 

Table 1 Petroleum prices applied to Vanuatu consumers at station service (Vt/l) 

Products Port Vila Santo Duties Service Taxes VAT 
Diesel 102 Vt/l 105.4 Vt/l 20 Vt/l 6 Vt/l 12.5% 
Motor Spirit 101 Vt/l 106.4 Vt/l 21 Vt/l 6 Vt/l 12.5% 
Kerosene 99.4 Vt/l 101.4 Vt/l 0   Vt/l 6 Vt/l 12.5% 

Source: Information compiled by Energy Unit, January 2002 
 

                                                 
4 In 2000, Not crude petroleum oils imports: 39 576 861 litres,  1 597 514 000 Vt (Vanuatu Statistics Office,2000c) 
  In 2001, Not crude petroleum oils imports: 40 666 756 litres,  1 754 143 Vt (Vanuatu Statistics Office, 2000c) 
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3.2.3. Coconut industry  
 
3.2.3.1. Production  

Copra has always comprised the bulk, both in weight and value, of Vanuatu’s exports. As 
illustrated in Figure 5, it contributed between 30 and 85 per cent of the total exports (46% in 
1999, 35% in 2000). Production variability can be attributed to copra prices and the alternative 
returns to the farmers’ labour resource and to some extent to the impact of cyclones (McGregor 
A., 1999). 

Figure 5 Vanuatu copra and domestic exports in value 
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While the same is still true today, its production as the major source of foreign exchange is now 
been seriously challenged by the downward trend of the international price for copra, and also as 
a result of increased diversification within the agricultural sector (Reuben B., 1994). However, 
the opening sentences of the Executive Summary of the 1993 report of the CIRAD on the 
coconut sector, read: 
  

Copra plays a fundamental role in the Vanuatu economy and income 
distribution. Given the limited use of (purchase) inputs and the efficiency of 
domestic marketing circuits, copra production enables greater distribution 
of income to rural inhabitants than any other agricultural activity, which is 
a major social factor. (De Taffin G. et al., 1993). 

 
Falling world prices, caused by the emergence of cheap oil substitutes such as soy and palm oil, 
high overheads, and relatively high labour costs in Vanuatu, led to the demise of the plantation 
sector in the 1980s. Some recovery in production, primarily due to smallholder production, has 
occurred since the mid-1990s and is sufficient to compensate for the loss of production from 
senile plantation (McGregor A., 1999). Thus, despite price and production pressure, coconut 
remains a sustainable industry in Vanuatu, the only PICT that has undertaken substantial 
coconut replanting over the last decade (ADB, 1996).  
 
3.2.3.2. Markets and marketing arrangements 

All copra is marketed by the Vanuatu Commodities Marketing Board [VCMB]. VCMB pricing 
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policies, often with Government direction, partially insulated producers from fluctuations in 
world prices and subsidised growers. It was established in 1982 to take over copra marketing 
and to stabilise prices utilising EEC’s Stabilisation of Export Earnings Scheme [STABEX] from 
Lomé funds.  
 
The downside of VCMB price distortions has been the lack of industry diversification into 
higher value products such as coconut oil. The resulting price of copra that included a 
substantial Stabex subsidy element meant that even basic coconut oil milling was not 
economically viable in Vanuatu (De Taffin G. et al., 1993). Stabex transfers have stopped in 
1994. In May 2001, the government started to subsidise copra production again. As it does not 
possess sufficient funds to maintain copra prices at a higher level than the international market, 
such subsidies seem to remain provisional. Therefore, there is renewed interest in coconut 
milling in Vanuatu.  
 
However, there is the likelihood that the crushing of copra for oil does not always lead to a 
substantial increase in grower prices. The value added from conventional oil milling is not great. 
Furthermore, as with copra, the returns from coconut oil are determined by international prices, 
except for niche markets. Viability would be further enhanced if using coconut oil as a fuel 
substitute could lower high-energy costs.  
 
3.3. The potential for further development 
 
Copra oil is a local resource, which has been under-utilised but holds a lot of potential for power 
generation and for use in transportation, thus reducing the dependence on fossil fuel. The use of 
coconut oil as an alternative to diesel is an opportunity for the increase in income for small-scale 
coconut farmers in the Pacific. 
 
Coupled to an abundant supply of coconut resources is a growing energy demand in the Pacific. 
Diesel consumption is and will continue to increase at a rate of 8.6% per year in the next years 
(World Bank, 1992a). A significant proportion of this growth will occur in rural areas as access 
to electricity and vehicles become more widespread. While many PICTs are devoting 
considerable attention to promoting exports as the best means of achieving economic 
development goals and alleviating balance of payments problems, little attention is given to the 
significant economic contribution that can be made by reducing oil imports (SPREP, 1996).  
 
For countries such as Vanuatu, which heavily rely on imported petroleum oils for their energy 
needs but that have an abundant potential supply of copra oil, the use of coconut oil as an 
alternative fuel will certainly have a positive impact on the country’s economy, in terms of 
foreign reserves saving. It may also revitalise the rural economies, since a growing demand for 
coconut oil will support copra production. Indeed, Vanuatu coconut industry needs to focus on 
higher value products that minimise the disadvantages of scale and location.  
 
In Vanuatu, the greatest opportunity for the use of coconut oil is in the local diesel market. In 
fact, import substitution of cooking oils can only consume about 500 tons of copra equivalent 
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(t.c.e), while 6,000 kilolitres of automotive diesel oil replacement (25% penetration into the 
diesel market) would be obtained from about 13,000 t.c.e., which is about 50% of the 
smallholder copra production in Vanuatu (Etherington D.M., 1995). Such a switch in the market 
away from traditional exports would represent a radical shift than could prelude a transition 
towards sustainable energy. 
 
As we saw before, initiatives have already been carried out by Tony Deamer to develop 
alternative energy and to convince motorists to fill their fuel tanks with a mix of diesel and 
coconut oil. They are now selling a product on the retail market in Port Vila that has been well 
accepted by the local bus drivers.  
 
The COPV oil mill already sold on local market or used for its own engine more than 400 000 l 
of coconut oil to be used as diesel replacement, representing approximately 18,000,000 Vt that 
have not been spent overseas. According to Tony Deamer (Pers. com., July 2002), 100,000 litres 
can be added to this amount from other Efate and Santo producers. Then, an estimated 2% of the 
total fuel imports have been substituted in only the first year of running on copra oil.  
 
Those numbers are highly motivating for further advancement of coconut oil to be used as diesel 
replacement. Efforts previously mentioned should be further strengthened and should enable 
rural electrification, which is not yet very developed, while electric energy demand is greatly 
expanding the fuel market. Likewise, while the fuel market is expanding, the coconut resource 
remains abundant, whereas the trends of relative prices are not in favour of copra production.  
 
Thus, the technical suitability of coconut oil as a fuel, the expanding fuel market, the abundance 
of coconut resource, and trends of relative prices all encourage an examination of the local 
substitution of coconut oil for petroleum products. One can question with a small-scale pilot 
project whether it is viable for a local substitution of coconut oil for petroleum products. 
Specifically, what is the profitability of both the production and combustion of coconut oil on 
social and economic development within a village context? This question will be addressed after 
Chapter 4 dealing with research methodology. 
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CHAPTER 4 METHODOLOGY OF THE EMPIRICAL WORK 
 
In order to answer the formulated research questions, fieldwork was carried out in Port Olry, 
Espiritu Santo Island, Vanuatu, for a period of 3 weeks. In order to gather the necessary 
information for examining the technical, financial feasibility of the project and determine the 
possible organisation of the project, both direct and indirect methods research activities have 
been undertaken. Firstly, it was necessary to analyse current energy system and energy demand 
to further determine the copra oil replacement possibilities. The last part deals with the 
limitations and advantages of the research method for the empirical work.  
 
4.1. Analysis of energy demand 
 
Data on the energy demand was gathered by conducting of open-ended and close-ended face-to-
face interviews with 41 people from both Port Olry and Lorevulko villages. A copy of the 
survey form is presented in Appendix IV. The survey was conducted by myself and translated in 
Bislama with the help of people from the community or Gaston Rory from the POPACA 
project. These surveys were necessary because they provided information on the accurate 
picture of the current electricity supply and consumption in Port Olry and collected the data 
required for forecasting of future electricity demand in this community. Obviously the 
information collected is speculative, and depends on income received by the households. This 
survey enables more accurate economic assessment of energy generation in this community 
through better knowledge of influencing factors. It was also designed to determine the 
opportunities and cost savings that would be created by electricity supply from coconut oil 
instead of a diesel-powered generator.  
 
UNELCO engineers were met to get an idea of the advancement of Port Olry electrification 
scheme and to determine the possibilities of collaboration with the private sector for this pilot 
project. The Energy Unit was visited several times to get a clear view of what is going on with 
rural energy in Vanuatu and to discuss the issue of copra oil uses for powering generators. 
 
4.2. Analysis of copra oil substitution possibilities 
 
Data on the possible substitution was gathered by interviewing the participating villagers, 
through the same surveys as before but also through meetings and discussions. Both methods 
were to define economical and sustainable development opportunities for the Lory cooperative. 
The objective was specifically to identify and analyse major problems experienced by farmers 
for copra production, transformation and commercialisation and activities that can be developed 
at village scale with the oil mill installation, including electricity production, by-products and 
transformed products selling. 
 
When doing the surveys in Port Olry and Lorevulko, a few days were spent with the copra 
growers in the village to see how the process takes place and to get an idea of the problems they 
encounter for each copra-processing step. Plantations and copra ovens were visited to provide 
information on the working organisation for copra processing, on the remoteness of some 
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plantations, and on the quite dubious quality standards of copra ovens. 
 
Beside individual surveys, the target group’s view and opinions were solicited through semi-
structured interviews administered to groups of respondents and to the whole Lory Coop 
members. The interviews were carried out using sets of questionnaires, with each questionnaire 
comprising specific enquiries on problems presently encountered and possible future co-
operative activities (oil production and potential outcomes, ice production and selling, manioc 
production). Each meeting was focused on a specific issue. The current situation was analysed 
and different solutions were envisaged together. Unstructured and spontaneous general 
discussions with Lory Coop members were also very useful in order to know about general 
opinions.  
 
Stanley Temakon, commercial manager for COPV and Tony Deamer, director manager of 
Motor Traders were consulted to collect information about the opportunities for coconut oil for 
diesel replacement and to identify possible collaboration with them.  
 
Also VARTC, doing research in the field of coconuts, were visited and some articles and reports 
about the coconut industry in Vanuatu and coconut as a fuel were made available to me there. 
Some literature about the former projects developed on biofuel energy from coconut oil was 
available at SPC, as well as information about energy issues in the Pacific Region. Finally, 
contacts with people involved in energy projects, biofuel activities and coconut research 
provided useful information about factors influencing project viability, from technology choices 
to project management. 
 
4.3. Limitations and advantages of research method 
 
No sample method was employed to get the research sample population. Most cooperative 
members and some other copra producers were surveyed. The survey method leads to 
imprecision, mainly because of the following points: 
 
Economic and social-status biases: There is a natural tendency to meet more influential and 
well-off people. Farmers who wanted to participate came spontaneously to be surveyed. 
Politeness biases: Farmers anticipated the surveyor expectations and modified their responses in 
order to satisfy them. 
Language biases: Surveys were translated into Bislama, which is an imprecise language.  
Population biases: During investigation committee members were always present and oriented 
surveyed farmers’ answers.  
Expectation biases: Copra producers are really willing to see the copra mill installation. They 
realised the influence of this investigation on the project. Like anyone else would have done, 
they thought that the more problems they would encounter, the more POPACA project would 
help them. Therefore, they tried to highlight as many problems as possible. Likewise, as the 
project is to valorise their copra activity, they have a natural tendency to overestimate their 
production, thus influencing the answers in accordance with their expectations from POPACA 
project.  
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Some of the information presented in the next chapter is derived from discussion with villagers. 
Precautions were taken by asking same questions to different people, or by investigating through 
several ways, but approximation and uncertainties still remain. 
 
Even if this method encounters some limitations, it will enable the project to fit with the local 
demand. Indeed, cooperative members that will deal with the equipment and the project 
management participated in project identification and formulated their demand. By actively 
cooperating in the project identification and implementation, Lory Coop members and 
especially its committee will become aware of the technical, social and economic conditions of 
the viability of the project. Moreover, households, which are potential electricity purchasers, 
have determined the type and level of energy services they are willing and able to pay for. The 
configuration of project installed is thus village-specific.  
 
This participatory study also helps the POPACA project as well as the cooperative members to 
define the components of the project on the basis of its priorities as well as technical and 
financial capacities.  
 
According to Courty P. (2000) the socio-cultural motivation leading to active participation and 
rendering responsible the population is essential and allows: 
- Adaptation of the project-programme to the socio-cultural context  
- Definition and financing of the necessary measures to promote the participation of the local 

population in the implementation of the project-programme, particularly those which 
concern access to production factors and support services: workmanship, credit, 
popularisation services, technology and training. 
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CHAPTER 5 DATA ANALYSIS: LORY COOP NICHE PROJECT 
 
5.1. Village presentation and problems to be addressed  
 
5.1.1. Population and social organisation 
 
Port Olry is located on the East Cost of Espiritu Santo Island [Refer to Appendix I]. This village 
has been developed around a Catholic Mission (1887) and is one of the largest towns in 
Vanuatu, including 1341 inhabitants in 255 households (Vanuatu Statistics Office, 2000b). 
Lorevulko is located 10 kilometres southwester Port Olry and comprises 111 inhabitants within 
26 households. Located 65 km from Luganville with a travel time of 1h30 by bus, both villages 
are relatively isolated.  
 
5.1.2. Economic situation 
 
The economies of Port Olry and Lorevulko are mostly based on copra, agriculture and fishing. 
As in the past, coconut is still the most important commodity for both villages’ economies, 
providing some opportunities for a sustainable income. A slight proportion of income is derived 
from Luganville market where garden products can be sold once a month. Fishing activity and 
cattle breeding remains part of the Port Olry economy and subsistence food.  
 
5.1.3. Problems/needs expressed 
 
Monetary needs for consumer items continue to increase. There has been a partial change in 
eating habits and there is a steady increase in consumption of imported foods. A European-
American influence, linked to an increasing number of family members living in towns, has 
favoured the introduction of and desire for imported foods such as rice, corned beef, mackerel, 
etc. Likewise, a desire for amenities (lighting, refrigeration, etc.) and for communications (TV, 
radio, telecommunications, etc.) greatly contribute to an increase in the demand for electrical 
energy. Quite naturally, copra producers try to improve education and health conditions for their 
children at the same time that they would like to be able to offer them the comfort and well-
being which large cities are believed to provide. 
 
While these many different natural needs require an increase in income, copra prices, on which 
most farmers depend, decrease. Thus, copra producers express a real need to improve their 
income through better optimisation and diversification of their production. 
 
The aim of this POPACA project will be to supply energy to Lory Coop activities, to local co-
operatives and to some commercial activities only. This rural development project will not 
undertake the task of UNELCO, which considers a plan to install electricity in Port Olry. 
UNELCO already surveyed the electricity demand of Port Olry and laid out plans for the 
installation. Government agreement is still waited for rural electrification project 
implementation. For the moment, UNELCO does not want to run generators with copra oil 
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because the engine constructor does not insure material powered with copra oil.  
 
Lory Coop may implement a small generator and prove technical and organisational viability of 
such a project before UNELCO installs the system to provide electricity to the village. Later on, 
the idea would be for the Lory Coop to supply copra oil to power UNELCO generator.  
 
5.1.4. Present and potential energy needs  
 
The village does not have electricity. Solar panels have been installed for the health centre and 
schools. These solar panels have been set up after a request from the Vanuatu Energy Unit to 
SPC PREFACE to consider funding of solar photovoltaic projects. 
 
The Catholic mission, the school and grocery cooperative possess diesel and benzine generators 
running every night for lighting, water distribution and refrigeration. Five households have 
small benzine generators (1.5 to 3 kVA) for use of a TV or lighting purposes. A minimum of 10 
people already possesses electric tools and other 6-10 people are potential buyers. 
 
All households use firewood for cooking and lighting is mainly provided by kerosene lamps and 
torches. The survey of 41 people enables us to approximate total energy expenditures to 1200 
Vt/month/household without including the firewood value. The same people were willing to 
have access to electricity for an average price of 3 000 Vt/month. 
 
With the survey’s data obtained on the number and sizing of each appliance in the community, 
we are be able to determine very accurately the maximum possible electricity demand. When 
analysed along with estimates of usage times, we can determine quite accurate figures for 
average power demand and peak power demand. Three different options are considered for 
potential energy needs determination.  
 
 ‘Lory Coop’ option  
The objective is to generate an affordable and sustainable energy source, having directly 
productive and income generating end-uses for Lory Coop activities. An engine will power 
different tools, such as a copra oil mill, ice machine, fridge, lights and computer. Total 
consumption would be about 50 kWh per day, with a peak power of 6.3 kW. 
 

‘Social activities’ option  
In this option, energy would be supplied to the local co-operative and to some commercial 
activities: the grocery cooperative, the women’s club, and two other shops. As the number of 
hardware appliances is important in the village, 3 plug sockets are made available for electricity 
at Lory Coop place. As illustrated in Figure 6, the electric load can be determined by drawing up 
the list of all items, their power use and their average operating time per day. The total will be 
used in determining the size and type of system required. 
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Figure 6 Daily energy consumption profile for Lory Coop and commercial activities 
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Total consumption mainly depends on Lory Coop activity because of the oil mill. The peak 
demand would be 12 kW. With a power factor of 0.8, a 15-kVA generator would best comply 
with the energy demands. 
 

‘Village development’ option 
In this option, we consider that UNELCO would install a generator running on copra oil to 
generate a sustainable energy source to all households. Lory Coop would supply UNELCO with 
copra oil. Including every household, cooperative and shops requirement, we obtain a daily 
energy consumption of 1000 kWh. A 95-kVA generator running 24 hours a day would be 
required in that case. For the moment, the project does not include whole village electrification 
but a change in context should be considered. Lory Coop would manage the project locally, 
collect fees, provide first-level maintenance and repairs, and supply copra oil.  
 
These are the three options considered by the POPACA project. Each of them will further be 
considered (in paragraphs 5.3 and 5.4) for technical, financial and socio-economic approaches.  
 
5.2. Lory cooperative projects 
 
In order to receive technical assistance and expertise from the POPACA project, the copra 
producers grouped together and formed Lory Marketing and Consumer Cooperative Agricole, 
including 60 farmers for the moment. They envisaged to be supported by POPACA project and 
together, they try to find feasible ways that would encourage coconut replanting and enhance 
farmers income through adding greater local value, greater diversification and better returns on 
crops. Possible diversification for coconut products are described in the figure below and 
detailed in the following paragraphs.  
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Figure 7 Possible diversification for coconut products 
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products of small producers when there is something special on offer, such as premium quality, 
or perceived contribution to good health of the buyers and environmental sustainability (ADB, 
1996). Producing organic oil is not a request from the Lory Coop, but if they want to export oil 
while giving a higher value to the nuts, the area that best satisfies these requirements is such a 
high value export niche. 
 
5.2.2. Development on the local market 
 
The local market for cold-pressed coconut oil will probably start at the household level as body 
oil. CNO is widely used for cosmetic purposes. Such markets, while valuable and improving a 
balanced trade in the village, are limited. Undoubtedly the larger, local oil market is for liquid 
fuel.  
 
Copra oil as a local fuel 
Prices of diesel delivered to remote locations (130 Vt/l in Port Olry) are significantly higher 
than international bulk prices for diesel fuel, particularly when it is delivered in 200 l drums. 
Corresponding high transportation costs to export copra result in much lower earnings. Thus it is 
already cheaper to expel coconut oil locally and use it in engines than it is to import diesel fuel. 
Indeed, calculations further detailed in paragraph 5.3.3.1. determine a value of 61 Vt/l for the 
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copra oil processed in Port Olry.  
 
A local fuel for energy generation 
The first of local outcomes is Lory Coop diesel engine, which will power different tools 
including the oil mill. The engine can generate electricity for lighting, refrigeration and charging 
batteries, ice making and even electricity sales. For ‘Social activities’ option, a 15-kVA 
generator will consume about 1000 l CNO/month. ‘Lory Coop’ and ‘Village development’ 
options require some 12-kVA and 95-kVA generator using 420 l and 8500 l CNO/month. 
 
A mission generator can be modified to run on copra oil. However, as a direct injection engine it 
usually has more problems with coking. It may be useable if the fuel is heated to reduce 
viscosity and the injector opening pressure suitably increased (Etherington D.M and Hagen 
D.L., 1993). Tony Deamer agrees with modifying such a generator. In the same way, a grocery 
Coop can also run its 4,5-kVA Yanmar diesel generator on 60 CNO/40Diesel or its 4,6-kVA 
benzine generator on 85 CNO/15 Benzine if it does not connect to the Lory generator. Local 
copra oil consumption includes one generator consuming 100 l CNO/month. 
 
A local fuel for transportation issue 
Eleven cars have been inventoried in the village, 15 others in the surroundings and one bus 
assures the connection between Port Olry and Luganville every day. 1000 l of diesel per week 
are bought at the grocery co-operative (130 Vt/l). If we consider 35% of cars running on a 
75%CNO/ 15%Diesel blend, about 3 000 litres CNO/month will be required.  
 
A local fuel for lighting 
CNO can also be used for lighting and replace all kerosene lamps present in the village. With 2 
volumes of coconut oil for 1 volume of lighting kerosene, the mix can be burnt without any 
problems in traditional kerosene lamps with wick (De Taffin et al., 1993). As each household 
uses an average of 1 l kerosene per week (at 150 Vt/l) for lighting, this outcome could reach 
750l CNO/month. During fieldwork in Port Olry, we unsuccessfully tried to burn a mix of 
85%CNO and 15% kerosene in a homemade kerosene lamp. Further trials have to be carried out 
before considering lighting kerosene for a replacement. Obviously, if Port Olry is supplied with 
electricity, only Lorevulko and remote households will remain part of the potential outcome.  
 
Total copra oil consumption estimations for all uses come to 4100 l/ month. This amount is 
based on the supposition that 35% of the car will run on a mix of copra oil (75%CNO/ 
25%Diesel). This hypothesis may be optimistic. However, total needs calculations did not 
include oil for making soap, cosmetic oils, and organic oil exportation. 
 
Copra oil by-product  
Copra meal is the by-product of coconut oil extraction from copra. Regarding transport costs it 
should be valorised on-site through cattle breeding and therefore guaranteeing a higher value to 
the by-product. All farmers were willing to buy copra meal but some responses may be biased 
by factors explained in the paragraph 4.3.  
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5.2.3. Development opportunities arising from the project  
 
This project is designed to increase farmers’ income-generating opportunities but is also 
oriented to stimulate the creation, development or modernisation of other artisan activities in the 
villages (e.g. mechanics, grocery, etc…). This objective can be achieved through connection to 
Lory Coop energy source. It would increase production efficiency and income-generating 
activities, as well as improvements in the quality of life, particularly through the time and 
energy saved by using electrical hardware. A small grid could be installed by UNELCO or 
Energy Unit technical staff and connections could be available for artisans to work.  
 
5.3. Project definition 
 
5.3.1. Required equipment  
 
 5.3.1.1. Lory Coop building 

A building is necessary to host the project. It may include a central part where the oil mill will 
function, a copra storage area and a place for selling soaps, oil etc. Outside the building should 
be located a container for oil storage, with a filter and pump system allowing motorists to top 
their fuel tanks with a mix of Diesel and CNO. It will be built by local workers, using local 
hardware.  
 
5.3.1.2. Copra oil mill 

A comparative study of several types of equipment was undertaken by Ratiarson, O. (1998). 
Eight manufacturers able to provide the material in the following scales: 25 to 40kg, 50 to 80kg, 
100 to 200kg of copra/hour, were contracted. Based on this study and in the context of Vanuatu 
rigorous comparative study was undertaken. 
 
According to local oil outcomes for ‘Lory Coop’ and ‘Social activities’ options, equipment 
processing of about 40 kg copra/hour allows us to meet the objectives if working 7 hours per 
day and 5 days per week. If UNELCO is to provide electricity to Port Olry, the production scale 
will range between 100 and 200 kg/h. When calculating oil production costs, working days per 
week and working hours per day were based on a low production hypothesis. This way, working 
capacity can vary with copra oil demand. 
 
5.3.1.3. Generator 

Running a generator below capacity is uneconomical in terms of capital investment and 
recurrent expenditure and can lead to technical damage. Therefore a generator of sufficient 
capacity to suit demand must be chosen. (12-kVA for ‘Lory Coop’ option, 15-kVA for ‘Social 
activities’ option and 95-kVA for ‘Village development’ option).  
 
According to CIRAD’s experience, the use of crude copra oil requires an indirect-injection 
engine. CIRAD’s long history of success, experience and knowledge with these engines 
guarantee the technical sustainability of the project. Likewise, the engine manufacturer and 
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modifier/dealer provide a standard one-year warranty, even with copra oil as fuel. As this 
project must be a benchmark for the country and the region, it is necessary to choose a product 
whose quality could not be questioned, and which offers, for a motor run on copra oil, at least 
the same guarantees as a traditional diesel motor. 
 
5.3.1.4. Additional equipment 

Additional equipment should be introduced on the occasion of this project to reinforce the local 
production capacities as well as increasing families’ revenue and living condition. Soap, 
perfumed coconut oil and ice can easily be manufactured without too much investment. Ice 
production, for example, would enable the conservation of more fish in the village and eliminate 
the need for use of transport to buy ice in Luganville (at 300 Vt/7kg slab of ice). This would 
result in increased profitability and less energy losses. To allow cars running on copra oil, a heat 
exchanger will have to be fitted in the fuel line to warm the fuel prior to the fuel filter. Finally, 
to improve the produce the copra quality required for oil making LORY coop should repair 
some copra dryers.  

 
5.3.2. Formation and technical assistance needs 
 
To ensure the sustainability of copra oil production and biofuel utilisation at Lory Coop, it will 
be of great importance to strengthen mechanical maintenance, organisational capacity, and 
quality of copra drying, ideally before installing the oil mill and generator. The viability of such 
project is closely linked to the user’s level of knowledge and the quality of training of the 
various participants, starting with the technicians responsible for maintenance. 
 
5.3.2.1. Improving copra quality  

In order to achieve any price premium for the oil, the expelling process and the resulting quality 
of the oil is of paramount importance and will be the one characteristic that will determine the 
long-term sustainability of the project. Present copra quality is not at its maximum and 
producers see it when VCMB pays them. A training workshop aiming at raising awareness of 
the concept of quality should be organised before the oil mill is installed. This training 
workshop should be accompanied with oven reparations to give the potential required for Lory 
Coop to produce excellent quality copra and oil.  
 
5.3.2.2. Strengthening local repair financial and management capacities 

It is necessary to strengthen the mechanical maintenance and repair capacity in the village to 
have technical experts for the regular and preventive maintenance of the equipment. Drivers 
willing to modify their car as well as the person who will maintain generator will have to know 
specificity and requirements of car/generator engine powered by copra oil.  
 
The electrical installation will be carried out by qualified electrical technicians provided by 
UNELCO or the Energy Unit. The training to local technician could take place with the 
installer. An operating and maintenance manual should be provided to the local technician, in 
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the light of the Fijian project. The co-operative, shops, woman club and other people that may 
use electricity should have a limited understanding of electric energy. It is therefore advisable to 
organise information workshop to explain how the project will evolve.  
One of the major risks for long-term project viability is the lack of management competency. To 
avoid this problem, POPACA project will form two or three persons for financial and 
management facilities in order to allow Lory Coop to become autonomous. The project may 
also support them for the purchase of equipment and for access to financial services.  
 
5.3.3. Organisation and functioning  
 
5.3.3.1. Oil production 

In order to improve copra quality, Lory Coop should buy green copra bags from growers and 
undertake the task of drying in accordance with specific advises received for improving copra 
quality. Dried copra would be transported to Lory Coop building, in Port Olry where copra oil 
will be processed. As shown in Table 2, total cost of the oil produced in the village ranges from 
61 to 49 Vt/litre. Calculation has been realised for 1 ton of copra and converted to copra oil litre. 
To do so, we know that extraction rate varies from 55% to 60% between the two oil mills and 
copra oil volumetric mass is 0.902 kg/l (Courty P. et al., 2000). Copra is bought 20 Vt/kg to the 
farmers. Transport cost is divided between car depreciation (assume that car has been bought 3 
million Vt, depreciated over a 15 years period and 1 t of copra requires 2 h travel), fuel using (1t 
of copra requires 40km transport, car consumes 20l/100km and is fed with 75% oil at 70Vt/l and 
25% diesel at 130 Vt/l), and labour (1 t of copra requires 2 h travel, car driver works 8h/day at 
774 Vt/day). Drying cost includes oven reparation, damping and labour (1 ton of copra requires 
3 days at 774 Vt for drying).  

Table 2 Estimation of the cost of oil produced in Port Olry 

 Lory Coop & Social activities Village development 
  Vt/ l oil Vt/ l oil 
Copra cost  
  32,8 30
Transport cost  
Car Depreciation 0,53 0,54
Fuel using 1,12 1,13 
Labour 0,32 0,32 
Drying cost  
Copra oven reparation damping 0,93 0,95
Labour 3,81 3,87 
Copra oil processing  cost  
Equipment depreciation  3,45 2,88
Financial expenses of equipment 4,59 3,83 
Maintenance reparation 1,72 1,44 
Wages 9,69 2,59 
Fuel Energy cost 1,71 1,06 
  
Total Costs 61 49
Village labour for oil process 23% 14% 
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The oil price is definitely lower than diesel price of 130 Vt/l. Likewise, a non-negligible part of 
the oil cost is returned to the village through labour.  
 
5.3.3.2. Electricity generation 

The project is to use coconut oil to generate energy. The following table assesses for each option 
the kWh cost produced from both copra oil and diesel fuel.  
Fuel cost corresponds to the cost of 95% copra oil and 5% diesel (for starting end ending) in the 
CNO case and 100% diesel (130 Vt/l) in the other case. Provision for depreciation represents the 
annual depreciation value for all electricity equipment fixed costs: generator with its eventual 
modification and electric grid installation except for ‘Village development’ option where 
investment will be realised by UNELCO. Finally, total costs are divided by the kWh monthly 
produced in order to obtain a kWh cost. 

Table 3 Cost of KWh produced at Lory Coop  

 Lory Coop Social activities Village development
 CNO Diesel CNO Diesel CNO Diesel
kWh cost (Vt/kWh) 43 63 39 62 26 45 
Fuel  57% 78% 66% 84% 86% 90% 
Village labour for fuel process 22% (--) 23% (--) 14% (--) 
Village labour  9% 6% 4% 3% 3% 1% 
Provision for depreciation  24% 7% 21% 5% --- --- 
Returns to Village       
Total village labour per kWh 31% 6% 27% 3% 16% 1% 
Copra cost for fuel per kWh 28% --- 32% --- 48% --- 
% Returned to the village   59% 6% 59% 3% 64% 1%
 
In all cases, electricity generated with copra oil is cheaper than the one generated with diesel oil. 
In ‘Lory Coop’ and ‘Social activities’ options, additional price related to engine modification 
equipment (referred under ‘provision for depreciation’) is overcompensated by an expensive 
diesel oil price (130 Vt/l in Port Olry) compared to the price of oil produced at the same place, 
making CNO options cheaper. ‘Village development’ option represents an extreme case in terms 
of cost-effectiveness of kWh produced with copra oil as all electricity equipment investment are 
realised by UNELCO. 
 
In addition to lower energy prices, coconut oil production for using as a biofuel allows money to 
be recycled within the village. It is noteworthy that 59% of the cost of the “coconut-oil 
electricity” is returned to the village economy, when only 6% with “diesel-oil electricity” for 
‘Lory Coop’ option.  
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5.3.4. Project management  
 
A basic principle behind POPACA project is the response to demand expressed by farmers. 
Therefore, POPACA will act as a facilitator, helping Lory Coop to formulate and manage its 
demand and the private sector and research organisations to respond to that demand. Advice will 
be provided to Lory Coop from the initial feasibility study to the installation and management of 
the project. The project management includes technical, social and economic feasibility study, 
assisting beneficiaries to be financially autonomous and helping Lory Coop to organise the 
project. Through this pre-feasibility study and further feasibility study, the POPACA project 
identifies existing technical resources to provide the services required by Lory Coop, assesses 
the need for training and other assistance. 
 
Given that development project is never a gift even when financed by a donor, it is therefore an 
investment endowment to be repaid by Lory Coop through payment of sums into an account 
they can use freely to purchase additional infrastructures or replace worn-out parts. To ensure 
the sustainability of activities and to strengthen the financial autonomy of Lory Coop, it is 
necessary to urge its capacity to take over the project not only technically but also financially 
and commercially. It is vital that the project ensures that: 
- Lory Coop committee can manage the project in a durable way, 
- Farmers’s revenues and village economic activities increase, 
- Equipment and maintenance are available and affordable. 
 
Thus, the following management strategy is implemented: 
 
1. A flexible, Lory Coop farmers-oriented approach is followed. The project only responds to 
expressed demand from farmers and inhabitants. This ensures ownership and appropriation of 
the project by the Lory Coop and its autonomous management. 
 
2. To ensure maximum benefits to farmers, the ownership and management of the project is 
entrusted to Lory Coop, especially its committee. Training and technical support are provided to 
build up their management capacities. 
 
3. To add value to village resources and competencies, all technical operations required by the 
project are handled by Lory Coop (building, oil processing, repair, and maintenance). POPACA 
and only intervenes for assistance and to upgrade local skills. POPACA project along with the 
different collaborators involved will also inform Lory Coop for financial and management 
facilities in order to allow them to become autonomous.  
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5.4. Factors influencing project viability 
 
5.4.1. Financial analysis 
 
The profitability of oil processing and electricity production depends on reducing the capital and 
operating costs as much as possible, and at the same time maximising the income from the sale 
of oil and by-products. The following study of all costs has to be undertaken. In particular the 
cost of the main pieces of equipment, salaries for the expected number of workers, and the 
prices for raw materials, fuel and power should be assessed. Financial impacts of the project are 
gathered through the breakdown of electricity production and annual results for each of the three 
options. 
 

‘Lory Coop’ option 
Products and by-products prices charged are assessed in order to calculate the likely income at 
the planned scale of production over the year. For the calculation, copra meal is sold 15 Vt/kg 
and CNO selling price varies between 65 and 85 Vt/l while produced at 61 Vt/l. This annual 
financial analysis includes ice sales since it derives from electricity production at Lory Coop. 
Ice is sold 15 Vt/kg and total needs at village-scale reach 770kg ice per week.  
 
Salaries comprise wages costs for oil production, maintenance, copra drying and transport. 
Copra cost deals with the annual copra purchase required for covering oil needs. Fuel cost 
comprises the diesel oil required to start and stop the engine. Damping represents the annual 
depreciation value for all fixed costs: purchased equipment (building, building reparation, 
generator, oil mill, wiring and metering, oven reparation, ice machine and soap making 
equipment). We consider that formation at village scale and assistance to implement the project 
is not charged to Lory Coop. Maintenance and extra costs respectively account for 50% and 
10% of equipment depreciation. Financial value is based on market rates (8%), equipment cost 
and their shelf life.  
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Table 4 Lory Coop annual financial results (Vt/year), ‘Lory Coop’ option 

Oil Selling Price Vatu/l 65 70 85 
   

CNO & Cake 2 798 705 2 982 372 3 533 375 
Ice Sales 623 700 623 700 623 700 Income 

 Total income 3 422 405 3 606 072 4 157 075 
   

Salaries 838,799 838,799 838,799 
Copra cost 1 370 091 1 370 091 1 370 091 

Maintenance 342 532 342 532 342 532 
Fuel costs 32 744 32 744 32 744 
Damping 685 063 685 063 685 063 

 Financial costs 48 081 48 081 48 081 
Extra costs 68 506 68 506 68 506 

Expenditure 
  

Total expenditure 3 385 816 3 385 816 3 385 816 
   

Profit Income - Expenditure 36 589 220 256 771 259 
   

Financial Return 
to Village 

Profit + Expenditure 
within Village 2 245 479 2 429 146 2 980 149 

 
If we compare expenditures with the expected income, we see the project being financially 
slightly positive. If we include the amount of money that is recycled within the village (salaries 
and copra costs) the financial return to village is much positive.  
 
When copra oil is bought 20 Vt/kg to growers, the oil-produced value will be 61 Vt/kg, allowing 
electricity production at 43 Vt/kWh (Refer to below table). For the same electricity production 
cost, cut off diesel price is 75 Vt/l. Even if copra purchased costs 35 Vt/kg, cut off diesel price 
remains lower than price of diesel sold in Luganville (105 Vt/l) or in Port Olry (130 Vt/l).  

Table 5 Sensitivity analysis, ‘Lory Coop’ option 

Copra purchase price Oil production cost Electricity prod cost Cut off price Diesel 
Vt/kg  Vt/l Vt/ kWh Vt/l 
20 61 43 75
25 69 46 83
35 85 52 99

 
‘Social activities’ option 

The price charged for oil and by-products depends on same factors as Table 4. In addition to the 
former products and by-products sold, ‘Social activities’ option includes electricity retailing at 
40 Vt/kWh. If we compare expenditures with the expected income we see it is necessary to 
make full use of the by-products to allow the project being financially successful. However, 
expenditures and incomes are balanced with a sale price for the kWh of 40 Vt, which is close to 
production cost. Even at this minimum level the recycled amount in the village economy is at 
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least 3 million Vt/y.  

Table 6 Lory Coop annual financial results (Vt/year), ‘Social activities’ option 

Oil Selling Price Vt/l 65 70 80 
    

Copra Oil & Cake 2 876 154 3 059 821 3 427 156 
Electricity Sales  710 208 710 208 710 208 

Ice Sales 623 700 623 700 623 700 Income 

Total income 4 210 062 4 393 729 4 761 064 
   

Salaries 866,656 866,656 866,656 
Copra costs 1 628 254 1 628 254 1 628 254 
Fuel costs 83 904 83 904 83 904 

Maintenance 422 508 422 508 422 508 
Damping 845 017 845 017 845 017 

 Financial costs 26 709 26 709 26 709 
Extra costs 84 502 84 502 84 502 

Expenditure 
  

Total expenditure 3 957 550 3 957 550 3 957 550 
   

Profit Income - Expenditure 252 12 436 179 803 514 
   

Financial Return 
to Village 

Profit + Expenditure 
within Village 

2 747 421 2 931 089 3 298 424 

 
Next table shows that cut off diesel price remains close to the one calculated in ‘Lory Coop’ 
option. It demonstrates that kWh produced with copra oil remains cheaper that the one produced 
with diesel, for a large range of copra prices. Indeed, copra purchase has to rise up to 40 Vt/kg 
for the cut off price of diesel to reach the current Luganville retailing price.  

Table 7 Sensitivity analysis, ‘Social activities’ option 

Copra purchase price Oil production cost Electricity prod cost Cut off price Diesel 
 Vt/kg  Vt/l Vt/ kWh Vt/l 

20 61 39 74
25 69 42 82 
28 74 44 86 
40 93 52 105 
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‘Village development’ option 
Below table has been built in the light of the previous annual financial results tables. It shows 
the cost effectiveness of diesel replacement with copra oil. Indeed, even if copra oil is sold at 
production price -49 Vt/l- the annual profit reaches 2 million Vt. The calculation does not 
include generator, wiring and metering costs, which will be covered by UNELCO. However, 
Port Olry will have to pay part of the installation costs as well as technical services provided by 
UNELCO.  

Table 8 Lory Coop annual financial results (Vt/year), ‘Village development’ option 

Oil Selling Price Vt/l 49 55 60 70 
   

CNO & Cake 7 795 770 8 667 939 9 357 046 10 735 261
Ice Sale 623 700 623 700 623 700 623 700 Income 

 Total income 8 419 470 9 291 639 9 980 746 11 358 961 
  

Salaries 1 188 557 1 188 557 1 188 557 1 188 557
Copra cost 4 143 833 4 143 833 4 143 833 4 143 833 

Maintenance 363 918 363 918 363 918 363 918 
Damping 727 835 727 835 727 835 727 835 

 Financial costs 59 183 59 183 59 183 59 183 
Extra costs 72 784 72 784 72 784 72 784 

Expenditure 
 

Total expenditure 6 556 109 6 556 109 6 556 109 6 556 109 
   

Profit Income - 
Expenditure 1 863 361 2 735 529 3 424 637 4 802 852 

   
Financial Return 

to Village 
Profit + 

Expenditure 
within Village 

7 195 751 8 067 919 8 757 027 10 135 242 

 
Below sensitivity analysis shows this option remains very interesting for copra oil uses if diesel 
oil is bought at current price. However, diesel respectively costs 72 Vt/l and 56,2Vt/l at 
Luganville and Malakula electrification power plants because they benefit from tax decreases. 
But such prices do not threat copra oil electricity production costs as long as copra purchase 
price remains lower than 26 and 38 Vt/kg.  

Table 9 Sensitivity analysis, ‘Village development’ option 

Copra purchase price Oil production cost Electricity prod cost Cut off price Diesel
 Vt/kg  Vt/l Vt/ kWh Vt/l 

20 49 19 47 
26 58 22 55 
28 61 23 58 
60 109 37 104 

 
If UNELCO considers providing electricity to Port Olry using energy source from copra oil, the 
amount of money recycled in the village would be very high. This option would make use of the 
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local copra resource available and keep local income within the community. It will also increase 
interest in coconut production, thanks to great valorisation of coconut plantations. At larger 
level, government will not have to subsidy the amount of copra processed into oil. Likewise, its 
overseas expenditures will decrease thanks to the replacement of diesel by copra oil.  
 
Financial analysis remarks and conclusions 
In September 2002 average coconut oil price CIF Rotterdam was $US 410 or 55,500Vt/metric 
ton. According to the copra price in Vanuatu and in this condition we obtain a mill gate price of 
57 Vt/l in Luganville. This value, very close to international market price, represents a very low 
unattractive price for the local small producers we would like to stimulate.  
 
Diesel oil is sold at 130 Vt/l in Port Olry -2002- (105 Vt/l at Santo service station) leading to an 
electricity production cost of 55 Vatu per kWh in ‘Social activities’ option and 45 Vatu per kWh 
for ‘Village development’ option.  
 
In the time of the feasibility study, copra is purchased at 25Vt/kg to the growers. This price is 
good compared to the international price, 270 US$, or 36,500 Vt/metric ton (Word Bank, 
September 2002). Copra price paid to producers seems to remain provisional as the government 
does not possess sufficient funds to maintain copra prices at a higher level than the international 
market. Even in this subsidised context, copra oil biofuel presents an advantage in comparison 
with the diesel, as copra oil produced remains much lower than diesel oil sold either in 
Luganville or Port Olry.  
 
The production cost per kilowatt-hour is to be around 28.5 Vatu in Luganville. The one 
produced with the small-scale generator and grid would be around 19 to 39 Vatu respectively 
for ‘Village development’ and ‘Social activities’ options. 
 
In this project it is necessary to make full use of the by-products to make the project financially 
successful. A pork and/or poultry farm can be advantageously associated with the mini oil mill 
and the electricity production, generating more income by the fact. 
 
5.4.2. Socio-economic considerations 
 
The installation of an oil mill and generator goes beyond simply copra oil production. It is a 
small commercial enterprise on the village scale, which will form part of the economic reality of 
the community. This project is designed to valorise coconut activities while promoting energetic 
independence, increasing growers income-generating opportunities and stimulating the creation, 
development and/or modernisation of other artisan activities in the villages. 
 
If we base on the ‘Social activities’ option, the equivalent of 4 full year jobs are created under 
the frame of Lory cooperative, covering oil production, cake and oil sale, electricity production 
operation and maintenance to which must be added the monthly purchase of 6.7 tons copra to 
the local producers, that is to say 80 tons per annum. It is in fact a total amount from 1.6 million 
Vt which will be re-injected into the village.  
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The success of such an initiative is based on the technical quality of the equipment and on the 
management and entrepreneurial capacity of the beneficiaries. During the first three years, 
supervision and advises will be ensured by POPACA, CIRAD and CARTV expertise. 
 
It is important, at the same time, to support development efforts of Pacific Islands and to ensure 
the sustainability of the project by respecting the truth of the prices. This implies at once the 
generation of a maximum of incomes within the communities and the assurance to cover the 
production costs of the oil and electricity and to recover fixed costs. Reason why we try to 
obtain the lowest sustainable sale price for the kWh and at once the highest price for the copra 
bought to local producers (20 Vt/kg) in view for all the community to have the best revenue. The 
income generated by the project has to permit Lory Coop to build up a financial capital enabling it to 
intervene in the sustainability and development of the project.  
 
Roberts J. (1996) showed some significant economic advantages to the Pacific region when 
using copra oil as a biofuel. First, a significant amount of foreign reserves would be saved. The 
money which would normally go to international oil companies would be recirculated into the 
local economies. Using coconut oil as a diesel substitute also has some potential economic 
advantages, particularly in outer islands where fuel prices are very high. 
 
5.4.3. Environmental protection 
 
5.4.3.1. Environmental Conservation 

It is now generally acknowledged that the use of biofuels will help alleviate climate change. 
Greenhouse gasses, global warming, sea level rise and changing weather patterns are all issues 
of concern in the Pacific. By using coconut oil as a fuel, local knowledge, processes and 
resources have the potential to meet an important fuel need, reduce environmental impacts and 
greenhouse gas emissions, and set an example for other nations to follow. 
 
5.4.3.2. Regulated gases (HC, CO, CO2, NOx, O2) 

Copra oil is biodegradable and contains no sulphur or lead and hence will no add to pollutants in 
this area (Etherington D.M., 1999). Exhaust emission measurements were taken according to 
U.S. and European norms (Vaïtilingom G., 1995). For regulated gases (HC, CO, CO2, Nox, O2) 
and for solid particles (smoke), the results leave no doubt. For all these elements, copra oil fared 
slightly better than fuel oil.  In tests carried out on cold-pressed coconut oil (Roberts J. 1996) the 
coconut oil was found to come out significantly ahead of diesel fuel and leads to significant 
reduction of SO2 amounts: for a 1% penetration in Pacific Islands, 177 tonnes are eliminated; for 
a 10% penetration 1,766 tonnes are eliminated; and for a 30% penetration, 5,298 tonnes are 
eliminated. Rates of exhaust gas pollutants are similar with less sulphuric acid and particles in 
the case of copra oil which remains in the CO2 cycle. The impact of copra oil biofuel on the 
fragile ecosystem of the island is very light compared with the one of imported diesel fossil fuel. 
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5.4.3.3. Carbon dioxide, CO2 and CO2 equivalent 

The coconut plantations are potentially compliant with global ecological concerns, Kyoto 
Protocol and Vanuatu national priorities for at least three reasons: (i) they can fix of up to 7 ton 
C per ha per year in biomass and soil (Roupsard O., et al., 2002), (ii) they can be mixed with 
associated crops for increasing soil carbon storage (sustainable soil fertility) and (iii) the 
coconut oil is a substitute for fossil fuel (PICCAP, 2001; Roupsard O., 2001). 
 
Most atmospheric pollutants responsible for the greenhouse effect are linked to use of non-
renewable energies. The CO2 released by engines using biofuels is the same carbon dioxide as 
that fixed by the plants from which this fuel is derived, in contrast with petroleum products 
which release fossil carbon. Biomass production is considered to be a sustainable or “closed-
loop” process. 
 
Much work has been done on the emissions from cold-pressed coconut oil. Levels of 
greenhouse gasses other than CO2 measured have been found to be generally similar between 
coconut oil and diesel (Roberts J., 1996). But if coconut oil can replace energy emitting carbon, 
then the overall effect will be a reduction in carbon emissions. Roberts J. (1996) demonstrates 
that significant reduction in greenhouse gasses can be achieved through the use of coconut oil as 
a diesel and kerosene alternative in PICTs. With only 1% penetration into the Pacific Islands’ 
diesel and kerosene markets, 34,056 tonnes of CO2 would be eliminated per year and over 1 
million tonnes for a 30% penetration.  
 
5.4.3.4. Methane 

Providing a stable market for coconut products will, to some extent, bring about the 
rehabilitation of many coconut plantations that currently lie neglected. The result of this neglect 
is that un-harvested coconuts and by-products rot on the ground, releasing methane (CH4) in 
addition to CO2. In its contribution to the greenhouse effect, one ton of CH4 is equivalent to 63 
tons of CO2 (Courty P. et al., 2000). 
 
When used as a fuel the emission factor, in terms of carbon equivalent, is 0.8 tons of C per ton 
equivalent petrol [TOE] for diesel fuel and for copra-oil/biofuel. In contrast to this the release of 
methane means that an ‘abandoned’ coconut, which can be considered as a partially buried 
waste product, can attain an emission factor of 10 tons of C per TOE of waste material (Courty 
P. et al., 2000). This clearly shows that the environmental benefits of maintaining these already 
existing plantations for the production of biofuels are very significant. 
 
5.4.3.5. Upstream processes 

In addition to the emissions and environmental impacts caused by the direct burning of the fuel, 
there are also environmental impacts caused by the upstream processes. For example, the diesel 
and kerosene must also be shipped from refineries in Australia or Singapore, trans-shipped on 
small capacity boat (<20 000 tonnes) through Suva and Nouméa. In addition, the diesel oil 
burned in a typical small-scale generator must be transported by boat and then by truck to the 
site. This consumes energy and has an associated environmental impact (the release of 
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additional air emissions and greenhouse gasses), while coconut oil is produced locally, with 
minimal distribution transportation required. 
 
In addition, the fragile ecosystem of many islands and atolls requires the presence of the coconut 
tree (soil stabilisation, shade, associated crops, cattle farming, etc.). Ageing coconut plantations 
will soon no longer be able to play this role. Only if there is an economic incentive will 
smallholders and larger growers agree to rehabilitate these plantations. 
 
This part set out to show that coconut oil extracted at a village level can be an economic and 
environmentally sustainable replacement for diesel at the niche project level. However, some 
other factors will influence the project sustainability. This is why the study now takes the task to 
present the following recommendations over the implementation of the pilot project through the 
complementary fronts intervening in the project. 
 
5.5. Recommendations  
 
5.5.1. Recommendations for project implementation  
 
Feasibility assessment, monitoring and evaluation This preliminary report is not intended to 
be an exhaustive examination of the concept of using biofuel energy from coconut oil as applied 
to Port Olry. Its purpose is to illustrate some of the main technical, economic and social 
considerations which must be addressed in a more detailed feasibility study to enable a decision-
making for purchase based on informed choices, the identification of partners, the drawing of 
optimal strategy. 
 
Technologies In this study, equipment recommendation has been realised in the light of the 
previous SPC projects and studies realised in Pacific Islands along with technical advises from 
copra oil biofuel experts. Technological choices made in this report have to be reinforced by 
taking into account the long experience of CIRAD, studying, analysing and comparing market 
products and confirming, where necessary, these studies by trial. In order for the project to be 
sane and viable, it will be necessary to choose reliable equipment.  
 
Local capacity and institution building Understanding a new technology and how to use it is 
essential to getting the most benefit from it. Equipment installation will have to be reinforced by 
on-site training in enhancing the value of local products and in knowledge to ensure the 
maintenance of the equipment. Lory committee members will have to be trained in managerial 
and entrepreneurial skills to ensure the economic viability and sustainability of the project.  
 
Ownership and management The project responds to expressed demand from Lory Coop to 
valorise their copra production while ensuring better returns on crops and greater diversification. 
Members participated in project identification and formulated their demand through different 
meetings and interviews and will further intervene in all stages of project building. This will 
ensure ownership and appropriation of the project by the village and its autonomous 
management.  



Biofuel Energy from Coconut: The Lory cooperative pilot project 
 

48  

 
The project has an estimated cost of 8 million Vt for engine, copra oil mill, housing, wiring, 
metering and distribution system, copra oven reparation, soap making equipment, ice maker and 
initial formation. The financial and management support facilities and the access to credit may 
be realised by POPACA project in order to help Lory Coop to finance the investment. 
Depreciation and variable costs (maintenance, salaries, etc.) have to be borne entirely by the 
Lory Coop. Through payment of sums into an account, they can purchase additional equipment 
or repayment and replace worn-out parts. 
 
Institutional framework A challenge is to identify and work with appropriate legal and 
institutional mechanisms for the implementation of such multi-project. Building competence 
and capability to mainstream Lory Coop project approach into existing public and private 
institutions for sustainability will also pose a significant challenge. 
 

��CIRAD, with its long experience in terms of copra oil as biofuel, may participate in 
technological choices and advice along with Tony Deamer, the local expert.  

 
��The agricultural sector, directly concerned with this project, is represented by the 

VARTC and the DARD, who may provide their support through technical assistance and 
expertise guidance for farming techniques and copra processing. 

 
��The energy sector, embodied by Energy Unit, may guaranty that the project is 

incorporated into the national politics approach to rural electrification – even if the 
cooperative only will be supplied with electricity-. Its competency in terms of 
electrification may be of great help to the project for the electric installation. The private 
electricity power company UNELCO may intervene if Port Olry electrification project 
comes into reality. Moreover, its support for the Lory Coop grid installation may be 
advantageous. 

 
��Follow up activities are to be developed along with the project. POPACA project studies 

and accompanying activities will aim to draw a conceptual model, and an 
implementation and operational framework. The project will serve as a reproduction 
model not only in the country but also in the region.  

 
In this case, even if precautions have been taken, we would not have the pretension to assure 
100% success and durability. However, the tight collaboration between the different partners 
can minimise the risks.  
 
Economic sustainability The evolution of copra oil prices was considered. Quantities dealt 
with are minuscule in the eyes of the world market. Thus there is no hope to influence, even 
minutely, the world market or the region as a whole. However, we assert that: 
- The prices of crude petrol are at high price, $25/barrel (Ogawa Y., 2002). 
- At the same time, for artificial and temporary reasons, the prices of Vanuatu copra are high but 
this may not be durable because of funds lacking.  
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Under this “favourable” economic condition, electricity production with copra oil is 
economically viable, compared with that of diesel in the same site. The predictable evolution of 
copra prices is not in favour of higher prices for copra. Likewise, many European professional 
organisations project that crude oil prices will remain at around $20/barrel on average in the 
longer-term. (Ogawa Y., 2002).  
 
It is true that high transport costs improve the economic viability of copra oil biofuel production 
compared to diesel oil uses. However, it is inconceivable that the transport costs would be so 
high to invert the ratios of the international market prices if copra prices were not so low and 
when petroleum prices so high.  
 
One of the advantages of such project is its reversibility. The utilisation of coconut oil as a bio 
fuel is perceived as a very flexible outcome, as motors can indifferently run with diesel oil or 
coconut oil. If the context change and copra oil prices increase and/or petrol prices drop same 
engine can still run on diesel oil and copra oil produced be exported.  
 
5.5.2. Recommendations for niche development in the Pacific region 
 
If the first goal of this project was to provide a solution to a local problem, it also has a wider 
scope of stimulating a regional development for copra oil biofuel. Thus, this niche should act as 
a springboard to other niches and further allow changes in the existing regime. This is more of a 
bottom-up approach, where technology and local initiatives push policies. Such local experiment 
should be exploited strategically for system innovation and needs to be supported with a 
transition programme, based on current policy in the energy field, long-term vision, the 
coherence between the two of them and short-term action. To do so, transition management 
requires the facilitation of development rounds where the different niche participants and the 
actors concerned with copra and energy sector participate. 
 
This pre-feasibility study, further feasibility study and project implementation will improve the 
knowledge on the technical and economical feasibility and environmental gains of using copra 
oil as biofuel for power generation and for transportation. It may also form a window of 
opportunity for sustainability solutions by stimulating further development and changes in social 
organisation that are important to the wider diffusion of such renewable energy. To date most of 
the experiments on copra oil as a biofuel are technology demonstration projects. System 
innovation requires both top-down policies and bottom-up initiatives and cooperation between 
different actors involved in both policies and initiatives. 
 
The project implementation and its diffusion will be faced with a number of barriers. These 
barriers may be economic if copra oil do not compete with diesel oil, technical e.g. lack of local 
repair capacities. And they may be social and institutional barriers, such as existing practices, 
perceptions or habits. An integrated and coordinated policy is required to deal successfully with 
these barriers. Possible elements of such a policy are the formulation of long-term goals, the 
creation of an actor network, the stimulation of learning processes, all developed below.  
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5.5.2.1. Stimulate learning process  

We just pointed out that there are a number of barriers to the introduction and use of a new 
technology. It is important to learn more about these barriers and how they may be overcome. 
To do so, side effects of the niche development need to be examined. In that sense, innovation 
and the benefits from it will be useful in the learning process through “learning by doing”. The 
following aspects, illustrated with some specific, and obviously not exhaustive, questions are 
particularly important (Elzen B., 2001): 
 
1. Technical aspects: is the technology adapted to local conditions? Which adjustments to the 
technology are required? What is the scope for learning and overcoming the constraints faced 
during the project implementation? 
 
2. Government policy: what changes in the institutional structure and legislation are necessary 
to stimulate fuel substitution with copra oil? What kind of taxes should be applied on the 
biofuel? Should the biofuel production/distribution benefit from subsidies?  
 
3. Cultural and psychological meaning: which symbolic meaning can be given to the biofuel? 
Can it be promoted as a safe and environmentally benign technology, and/or as a technology 
that allow higher independence or improve living conditions? 
 
4. Market: in what kind of niche market is the project viable? Which are the specific social, 
economical, geographical, institutional, organisational requirements for such project 
development? 
 
5. Production network: who should produce, distribute and sell the new fuel? Should the oil 
companies be involved in the network or should the copra oil producers sell the new fuel?  
 
6. Infrastructure and the maintenance: which complementary capabilities and infrastructure 
must be developed to allow a copra oil biofuel project to be durable? Who looks after the 
maintenance of the material in remote areas?  
 
7. Societal and environmental effects: what effects does the biofuel production and utilisation 
have on society and the environment? Does it have an impact on social standards? 
 
8. International issues: which would be the impacts of development of copra oil as biofuel in 
the PICTs on the international scene? Would it have diplomatic impacts? Would it have an 
influence on copra prices?  
 
Niche projects are a way to stimulate connections and interactions between the heterogeneous 
elements that fulfil the energy function. Such connections are necessary for the new technology 
to become socially embedded. An important aim of niche projects should therefore be to 
stimulate the articulation of needs, problems and possibilities and to enact a broad learning 
process. At this stage of the study some of these side effects can already be examined although the 
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below remain speculative: 
 
1. Technical aspects: Experiments proved on a technical point of view that crude copra oil can 
be included in biofuels and confirmed with a real exploitation that it can be used on compression 
ignition engines without pre-treatment. Modification for coconut oil use has to be done on 
engines, which are furnished with specific equipment (double reservoir for oil/copra, a regulated 
coconut oil pre-heater, pre-filtration, central for the reception of engine parameters. For 
transportation issues, fitting a small heat exchanger in the fuel line to warm the fuel prior to the 
fuel filter eliminates fuel filter blockages.  
 
2. Government policy: With respect to recent efforts to encourage the dissemination of 
renewable energy solutions in rural areas, experience has shown that government policy support 
is the key to implementing initiatives in the initial stages. Therefore, at Government level, 
efforts must be realised to promote the development of indigenous energy resources as a 
substitute for imported fuels and support the introduction of new commercially proven 
technologies and generating systems that are environmentally, economically, financially and 
socially viable. These efforts would facilitate to overcome barriers such as UNELCO reluctance 
to run generators with copra oil in Vanuatu because of lack of interests for private sector. Other 
necessary policy support elements include effective long-term planning, careful establishment of 
priorities and coordinated programmes involving a variety of government and commercial 
institutions. 
 
3. Cultural and psychological meaning: Coconut tree is called the “Tree of Life” in the Pacific 
region. This is going to give a significant symbol to copra oil. Furthermore, copra oil is already 
recognised as a safe and having significant economic and environmental benefits.  
 
4. Market: Copra oil as biofuel is cost effective in many rural and outer island locations but the 
feasibility of its application is heavily dependant on site-specific factors. Niches may be viable 
in places that suffer the structural disadvantage of their distance from world markets and the 
scattered nature of the archipelago resulting in high energy costs. The location may be richly 
blessed with coconut resources and people may revolve around coconut activities. Project 
developers and facilitators must be present to allow the project to be implemented in a 
sustainable way. In short, main criteria depend on the ability to reduce fossil fuel dependency, 
the suitability for a community-managed project, the ability of the project to attract investment, 
create local employment, transfer of skills to local people and to generate a cash income, the 
ability of the project to improve telecommunication, education, health, water supply and 
sanitation facilities, the ability of the project to be self-sustained while the capital costs would be 
subsidised.  
 

5. Production network: Copra oil for rural electrification may be produced, transformed and 
sold at the place it will be used. However, copra oil for transportation issue should be to start 
operation of a retail bowser service for dispensing the fuel, rather than going to the blender to 
purchase the fuel. Then, oil companies could be involved for retailing the biofuel.  
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6. Infrastructure and the maintenance: Copra oil based fuel substitution is technically 
feasible. Nevertheless, a ready supply of spare parts as well as good technical maintenance 
know-how are more difficult to be found in remote area. Experience showed that system should 
be designed with local capacities strengthening local capacity and institution building in order to 
allow the project to be viable. This point has been stressed above.  
 
7. Societal and environmental effects: Copra oil as biofuel reduces petroleum imports and 
dependency, enables rural folk to produce their own fuel from a sustainable, low input and often 
one of their only resources. Producing copra oil is also a way of bringing energy to areas 
handicapped by their remote island location. In addition to the reduced environmental impacts 
of using coconut oil as a fuel, there are also some significant economic advantages to the region. 
First, a significant amount of foreign reserves would be saved. The money which would 
normally go to international oil companies would be recirculated into the local economies, with 
significant advantages in rural areas.  
 
8. International issues: Although the South Pacific contributes only a very small percentage of 
the overall greenhouse gas emissions, it has the potential to set a significant example for the rest 
of the world in developing and using alternative, less polluting and renewable fuels. On a 
regional scale, copra oil biofuel supply would also make it possible to reduce the PICTs 
dependence on petroleum imports in order to improve the balance of payments and safeguard 
the supply of energy in times of crisis.  
 
5.5.2.2. Network and articulate experiences  

Niche projects are important for learning about the viability of the new technology, articulation 
processes to take place, but also to build a network around the new technology, together 
sustaining its development.  
 
Potentially important niche participants reside in the energy and transport sectors. Innovations in 
the transport sector could be started on the basis of the initiative taken by Tony Deamer to create 
a niche for the use of the “Island Fuel”. Currently, Vanuatu imports approximately 24, 000 litres 
of diesel fuel each year, which represents 1.2 billion Vatu per year. If substituting 50% of the 
diesel for coconut oil, 600 million Vatu would be saved and could be used for local produces in 
Vanuatu. Innovation in rural energy supply could be based on the existing Fijian, New 
Caledonian and Ni-Vanuatu projects.  
 
It is important to gain insight into possible innovations based on the use of this alternative fuel. 
This would help to identify niches and niche participants which can assist in the creation of new 
paths and a long-term transition. For this, the carrying out of an economic study of the copra oil 
biofuel concept in the PICTs, both as a renewable and energy efficiency initiative, along with 
necessary technical recommendations would also be helpful to convince governments and 
energy utility sectors to promote the use of copra oil biofuel and to identify promising niche 
project sites. 
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The formation of a network for new alternative energy fuels is an interesting option for creating 
niche participation, stimulating learning processes by distilling and sharing experiences among 
niche participants and actors having a role in energy and copra oil. An example of an alliance 
for this fuel is the network consisting of the agricultural sector and the energy sector: the 
agricultural sector as the producer of biofuel and the energy sector who has interest in pursuing 
rural electrification projects and developing renewable energy options.  
  
The different developed activities concerning copra oil as biofuel could be the basis for distilling 
and sharing experiences about lessons learned by the actors involved in this field. All PICTs do 
not have to pioneer every aspect of innovation and are well advised to look for and use 
knowledge created elsewhere. A regional organisation dealing with the energy sector or the 
Committee of Regional Organisations of the Pacific - Energy Working Group [CROP EWG] 
could facilitate to create such network and help to articulate a shared vision on sustainable 
energy. This would help to coordinate the strategies of project developers, donors, regulators 
and users.  
 
 
5.5.2.3. Develop a regional strategy to promote the niches 

Transition management must be based on shared visions. Most PICTs have set economic and 
social development goals. Energy is an important driver for the provision of equitable socio-
economic services (health, education, information and income generation services), particularly 
in the rural and remote areas, and to the economic growth of the PICTs. Therefore, the energy 
visions need to contribute to the regional and national social and economic development goals, 
preserving the environment.  
 
Shared visions should be translated into realistic targets for energy generation, energy use, and 
the evolution towards a sustainable energy future. The strategy should take a long-term view, at 
least 25 years in the future, to be divided in short-term intervals, and define the changes to be 
made in those years, both for the long-term and the short-term intermediate steps (Kemp R. and 
Rotmans J., 2001). To do so, much effort will have to be carried out to because the management 
and coordination of the energy sector at the national level in the PICTs is often constrained. 
Indeed, national energy planning responsibilities are not clearly defined in many places. In 
countries where a designated energy planning office exist, it does not have the legislative 
support to effectively execute its functions and has adopted the responsibilities of managing and 
coordinating aid-funded energy projects, which have mostly focused on renewable energy 
(Fairbairn P. and Miles G., 2001). 
 
This energy strategy should be established to promote the widespread use of biofuel in the 
region for both power generation and transportation by taking into account the PICTs 
sociotechnical landscape factors (petrol prices, copra prices, economic development, the 
remoteness from international markets, environmental problems, etc.) and using the regime-
level (regulations and policies, copra/copra oil market, technical elements, fuel infrastructure) as 
the thread through the system innovation and learning from the niche projects.  
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This energy strategy may enable to identify the feasibly of potential niches among the interested 
PICTs and assist the biofuel effort in the region, in terms of transport and power generation.  
 
A meeting with the different parties in the region should be organised to finalise the design of 
and to agree to a regional strategy for implementing this regional project. Key actors drawn 
from interested PICTs (regional organisations, representatives from copra oil mills and copra 
making communities, biofuel project developers, oil companies, motor mechanics, donors, etc.) 
need to be brought together to work on the problem, providing pre-strategy, local ideas and 
manipulating technological, social, environmental and economic expectations to build up a 
regional strategy to promote the widespread use of biofuel in the Pacific Region.  The meeting 
would collate the interests and the priorities that PICTs place on copra oil for power generation 
and transport. Shared responsibility with different stakeholders is certainly an important aspect 
of strategic transition management. In particular, the energy utility sectors, large users of energy 
and oil companies should be involved in order to enable the development of niche projects and 
to warrant success for the vision.  
 
The strategy for replicating would be to have a regional approach, as a context-specific 
approach. The current linkages, instances and arenas for regional initiatives can then be 
exploited. Existing niche projects (in Fiji, New Caledonia and Vanuatu) can be used as 
demonstration sites. Lessons would be learned and disseminated about replication and up 
scaling at country level for adaptation to other countries or to the region. 
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CHAPTER 6 CONCLUSIONS  
 
 
The substantive objective of this study was to determine at village scale, the feasibility of using 
coconut oil in the generation of energy to enable copra producers to participate in value-adding 
economic activities while preserving the environment and contributing to sustainable 
development. This leads to different approaches, technical, financial and socio-economic and 
has come out through the responses solicited from questionnaire interviews supported by 
literature reviews, in answer to the specific research questions detailed in paragraph 1.3. In 
retrospect, the questions have been answered successfully thus:  
 
The very fact of remoteness from international markets, the very diverse and sparse spread of 
the countries over a large ocean area and the small, isolated population centres causes the region 
to be unique and engenders very high transportation and communication costs affecting among 
other products imported oil prices. These extra costs are further stressed by a heavy dependence 
on fossil fuels and causes severe imbalances in trade. All these pressure elements create a room 
for niche projects to develop. There is significant potential to offset imported petroleum by 
using local and renewable energy sources such as coconut oil as an alternative fuel.  
 
Such solution is envisaged as copra remains an abundant and valued resource in the PICTs, 
where farmers produce copra as a main source of income. However, sustainability of coconut 
sector based on copra is questionable owing to falling and volatile price of copra and coconut oil 
in world market. In order to enable farmers to participate in value-adding economic activities 
while improving village energy autonomy, attention to copra oil production drawing on local 
demand is the key to sustained benefit. Small-scale coconut-oil production permits suitable 
diesel substitution with low carbon emissions.  
 
In place such as Port Olry where transport costs are extremely high, on-site copra valorisation 
would allow not negligible savings. The cost of coconut oil produced is much lower than the on-
site cost of diesel fuel. Moreover, most part of coconut oil production value is recycled within 
the village. It is noteworthy that 59% of the cost of the coconut-oil electricity is returned to the 
village economy, when only 6% with diesel-oil electricity. Coconut oil can also replace fuel 
used for transportation issue. Farmers’ benefits will be higher or equivalent than benefits from 
copra sale, especially if copra prices are not subsidised anymore. By introducing an energy 
source at village level, the project will also offer income-generating opportunities and will 
stimulate the creation and development of other activities in the village. Some additional 
equipment, for selling coconut oil based fuel, making soap, ice will be the tool for revenue 
generation and will assure the durability of the project. For the community, the niche project 
development would represent an improvement in incomes and sustainable development from its 
existing resources. Globally, it would contribute to preserve the environment.  
 
In the region, several projects using copra oil as a biofuel are developing and this preliminary 
report showed the potential for another copra oil biofuel niche project development. However, 
questions relating to the integration of copra oil as a biofuel into the regional policies and the 
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transition management towards sustainable energy are less developed.  
 
Copra oil production and utilisation as a biofuel at Lory Coop as well as other projects in this 
field are specific innovations that can form the seeds for a transition towards sustainable energy. 
These different projects should be treated together with other renewable energy options to 
enable further synergies through a linking of presently separate niches.  
 
Theory about transition management was illustrated with the example of a transition to a low 
emission energy supply in the Netherlands. In western countries putting additional pressure on 
the existing regime through direct regulation and economic measures seems to be necessary in 
order to change people’s behaviour. However, in the PICTs pressure is already internal to the 
regime (high energy costs, energy dependence, lack of copra valorisation, etc.) and to the socio-
technical landscape (smallness, remoteness and isolation from international markets, low copra 
prices, high oil prices, low economic development) and constraint the access to energy 
especially in rural parts of the region. Therefore, the context seems more favourable for niche 
projects in sustainable energy in the PICTs because additional pressure is not required. 
Moreover, copra oil biofuel projects are usually implemented where there is no affordable 
energy source and where potential of copra production is great. So public demand and local 
support is strong, as people need energy and are very motivated to valorise their production for 
energy generation. These elements create more room for experiments to develop.  
 
However, some disadvantages of "islandness" remain substantial. PICTs face a number of 
additional barriers for managing a transition in energy sector because of their dependence on 
budgetary support, lack of in-country human resources, data and legal frameworks, lack of 
coordination among sub-regional and regional organisations and unclear responsibilities, poor 
public sector performance, and weak private sector development.  
 
Copra oil appears to be a promising alternative energy fuel. Our pilot project is not technology-
demonstration focused but involves real-life experience and interaction with the new technology. 
The use of such social experiments with new technologies along with dissemination of 
knowledge that is gathered in theses projects will allow different actors who take part in the 
project development to know more about problems, needs and possibilities of the new 
technology and the forming of new actor networks. Together, they may allow the PICTs to 
increase the use of their abundant renewable resource, of which much is currently going to 
waste and could lead to bottom-up changes to regimes.  
 
Copra oil biofuel technology could then affect equity, skill, gender, sustainability, prices, 
international trade, environment, diversification and self-sufficiency. Likewise, it is suitable for 
the Sustainable Development of vulnerable Small Islands Developing States that was the focus 
of the Barbados Conference and the Clean Development Mechanism under the Kyoto Protocol.  
 
It is hoped that Lory Coop project will generate a pulling-demand effect for other copra oil 
biofuel niche projects and will stimulate regime shifts towards sustainable energy in the PICTs. 
The potential of improved sustainability, enhanced incomes and environmental protection of the 
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PICTs is great and must be better exploited to ensure that, in these beautiful islands, today’s 
development does not jeopardise tomorrow’s. 
 
Transition management theory based on the multi-level perspective allows analysis to do justice 
to the complexity of real-world developments. It expands on technology studies by looking at 
long-term and large-scale development, and it expands on evolutionary economics by 
broadening the selection environment and type of learning and adjustment processes involved in 
technological change. The advantage of the multi-level perspective is at the same time its 
disadvantage. It is a complex perspective, requiring many data, often qualitative, to do empirical 
analysis. Small island institutions, however, generally lack the means to perform all the research 
or planning required. Another interesting feature of the transition management is that the 
emphasis on actor responses to ‘what happens’ allows us to evaluate the effects of niches by 
making plausible how they affect the regimes. However, as already mentioned by Geels F.W. 
(2001), the process from niche development to regime shift remains unclear and deserves more 
attention in the future. 
 
Obviously, there is no guarantee of success in the sense of achieving transition goals because 
transitions are the outcome of the interplay of many factors and developments. Nevertheless, 
transition management may help to increase the chance of achieving a transition towards a more 
sustainable energy system.  
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APPENDICES 
 

APPENDIX I MAP OF VANUATU 

 
Source: Kalmet M. (2000) 
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Appendix II Memorandum Of Understanding 
 

Between 
THE SECRETARIAT OF THE PACIFIC COMMUNITY (SPC) 

And 
THE VANUATU AGRICULTURAL RESEARCH AND TRAINING CENTRE  

 
through its 

Projet de valorisation de l’huile de coprah à l’échelle villageoise : 
Le cas de la coopérative « Lory » - Port Olry & Lorevulko (Nord Santo, Vanuatu) 

 
Introduction 
 
1. As agreed with VARTC Trust  / POPACA (Vanuatu ), the Secretariat of the Pacific 
Community (SPC) will provide technical assistance for the study feasibility of a copra oil for 
power generation project at a village scale: the case of Port Olry and Lorevulko villages, north 
of Santo, referred to as the “Project”.  
 
Scope 
 
2. The Project will be undertaken in accordance with the following: 
The original project proposal submitted by POPACA in July, 23rd 2002 – attached as Annex 1. 
 
Project Duration 
 
3. The project is regarded  as having begun on July, 1st 2002 and will be completed by 
November, the 15th 2002. 
 
Project Funding 
 
4. SPC shall contribute in the travel costs of the technical assistant from Nouméa to Port 
Vila, Vanuatu. The costs in Vanuatu (transport and accommodation) will be taken by the 
VARTC (POPACA funds). Technical assistant insurance is covered by her Student Social 
Security System, as mentioned in her training period agreement.  
 
Implementation Arrangement 
 
5. SPC will contribute to the Feasibility Analysis of this project and, in particular, to the 
following activities: 
1. Bibliography analysis/synthesis: 
 1.1. Characterization and evaluation of the experiences about "copra biofuel" in Pacific 
Islands 
 1.2. Analysis of the copra chain in Vanuatu, and particularly on the Santo Island 
(technical, economical and social aspects) 
 
 
 
 1.3. Link with its initiative. SPC will launch and organize a small email network 
(COPRANET) (Copra Oil for Power as a Renewable Alternative NETwork) to establish direct 
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contacts between regional actors the bio fuel power generation and transport. This network will 
provide opportunities for various bodies to exchange experiences and data in this area. 
 
2. Feasibility study of the project "Production and marketing of copra-biofuel, Port Olry, Santo 
". 
 2.1.Products, markets, chain 
  2.1.1. Products, prices and outcomes 
  2.1.2. Local outcomes   
  2.1.3. Current and potential copra production 
 
 2.2. Project definition 
  2.2.1. Technology 
  2.2.2. Equipment and infrastructure needs 
  2.2.3. Technical competency needed 
  2.2.4. Needs for formation, technical assistance 
 
 2.3. Organization and functioning  
  2.3.1. Supplying 
  2.3.2. Transformation  
  2.3.3. Marketing 
  2.3.4. Management 
 
 2.4. Economical and sociological analysis of the project: 
  2.4.1. Investment, cost-effectiveness 
   2.4.2. Economical, Social, Environmental impacts 
 
6. Back-up contribution, provided by CIRAD, VARTC and POPACA is specified in the 
appended document “Projet de valorisation de l’huile de coprah à l’échelle villageoise : Le cas 
de la coopérative « Lory » - Port Olry & Lorevulko (Nord Santo, Vanuatu). 
 
7. Activities and finance aspects are specified in the appended document. 
 
Projects outputs 
8. The outputs of the project will be a report detailing the implementation, results and 
recommendations. The report is jointly owned by SPC and VARTC. 
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APPENDIX III EXPERIMENTS WITH COCONUT OIL AS BIOFUEL REALISED IN THE PICTS 

 Ouvéa, New Caledonia Fiji Motor Traders, Vanuatu 
Description ��Installation of an oil-mill in 1992, 

capacity of 350 kg / h 
��In 1995,  first CNO generator 90-kVA 

Generator performance followed during 
the first 2500 hours 

��In 1999, 180-kVA CNO generator for 
seawater desalination plant 

��One 80 kVA project  supplies 
electricity to 3 villages and an oil mill 
on Vanuabalavu island  

 
��One 50 kVA generating set supplies 

Welagi village and a small oil plant  

 
��Coco-diesel Mix: Motor Traders is running 

tests with its vehicles fed with coconut oil fuel 
��Island Fuel: Proprietary process: removes 

water, FFA before blending with diesel (60% 
coconut oil) then filtered through a 3-micron 
filter. 

Objectives ��Validate the possibility of using copra 
oil in gasoline modified engines  

��Follow the evolution of the 
performances 

��Make use of the local resource and 
give it an adding value  

��Keep local income in the community 

 
��Improve the living conditions of rural 

populations. 
 
��Stimulate coconut activities, which 

promote local value adding. 

 
��Develop alternative energy and convince 

motorists to top their fuel tanks with a mix of 
diesel and coconut oil. 

 

Equipment ��Generating set 3 phases, 380 V-50 Hz, 
90 kVA   
DEUTZ motor modified for CNO use 
80 kVA generating set copra oil 
powered, 240-400 Volts, 50 Hz, four-
stroke cycle, 6 cylinders - - air-cooled 

CONSUMPTION: 15 LITRES COPRA 
OIL/HOUR 

��Specific equipment for the engine: 
double reservoir (oil/copra), regulated 
coconut oil pre-heater, pre-filtration, 
central for the reception of engine 
parameters. 

��Oil Mill: La Mécanique Moderne, 
Input Capacity: 350 kg copra/h, CNO 
powered  

                   Welagi 
��45 kVA generating set CNO powered 

Engine: DEUTZ , modified for CNO 
use 

��Micro Coconut-Oil Mill: TÄBY Type 
55, Input capacity: 20 to 30 kg/H of 
copra, Power required: 1,5 kW;  
Crusher 100 kg/h; fitted with 1 kW 
electric motor 

                  VANUABALAVU 
��80 kVA generating set Deutz engine,  
��Oil Mill: Taby Press Type 70, Input 

capacity: 50 kg/h of copra  
��Electrical grid: 220V, 50Hz, 3 phases; 

supplying 200 households  

 
��Simple heat exchanger made from standard 

automotive parts and materials as stainless steel 
tail pipe extensions, copper fuel pipes, core 
plugs and silver.  
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 Ouvéa, New Caledonia Fiji Motor Traders, Vanuatu 
Results  ��No mechanical problems during the 

2500 first hours 
��No degradation of the engine 

performances 
��No influence of crude copra oil on the 

qualities of the lubricating used 
��Negligible influence of crude copra oil 

on the engine wearing, compared to the 
lean monitoring 

��Light influence of coconut oil (in its 
favour) on the pollutant emissions in the 
exhaust gases 

Vanuabalavu  
��68% of the cost of the “Coconut-Oil 

Electricity”  returned to the village 
economy (5% with “diesel-oil 
Electricity” ) 

��3 to 4 full time jobs created  
��3 t/week copra purchased from local 

producers, 150 t/y.   
��Electricity production :   
     US$ 0.37 per kWh, with Diesel 
     US$ 0.25 per kWh, with CNO 

 
��Problems of fuel filter blockages overcame by 

fitting a small heat exchanger in the fuel line to 
warm the fuel prior to the fuel filter.  

��No pre-heater  required for Island Fuel (water 
and  FFA removed) 

��Data collected on the Isuzu direct injection 2.5 
lt. 4JAl diesel in a pickup showed over a 20 000 
Km 6-month test and average of 12.75 km/l on 
“Coco-diesel”, of 13.5km/l on “Island Fuel 60” 
and less than 12 km/l on diesel.  

Activities ��Oil mill consumption:15 tons/ year 
(<10%production) 

��Seawater desalination plant power 
Oil consumption: 120 tons of oil/ y.  

��Soap factory: consumption: 25 t. of 
oil/y. 

��Toyota Hilux four wheel drive and 
three Yanmar motor-pump powered by 
coconut oil 

��Total needs: about 165 tons/ year 
��Centrale Enercal will be equipped with 

a 165 kVA CNO generating set. 

 
��Creation of a workshop-garage, Soap 

making and coconut oil cosmetics, 
Premium quality oil (DME unit)  

 
 

��Motor Traders’s fleet of vehicles running on 
various blends of coconut oil and diesel in 
several ratios along with a coconut oil and 
kerosene mix. 

��Selling of the product on the retail market in 
Vila : Over 50 buses are now running in Vila on 
“Island Fuel” and around 12 other units running 
on a home made mix of cold pressed coconut oil 
and diesel or Kerosene 

Cost  ��Subsidies to copra producer: 54 CFP/l 
of oil 

��Produced oil value: 130 CFP/l 
��Sale oil value: 80CFP 
��Total subsidies: between 110-115 

CFP/l 
��No general economic evaluation 

available 

 ��Heat exchanger sold for a price of about 
10,000 Vats (US$70) 

��Islands Fuel sold in Port Vila 12 Vt less than 
Gas oil. 
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APPENDIX IV SURVEY WITH LORY COOP MEMBERS 
 

 
PORT OLRY-LOREVULKO SURVEY–ENERGY AND COPRA OIL DEMAND 
 
GENERALITIES 
Date: …………………………… Name of the Investigator: …………………………… 
 
1. Full name of the person answering the survey:…………………………… H / F 
2. Location of the building:……………………………………………… 
3. How many people have their job/live in the building?……..Adults ……Children 
 
UTILISATION ACTUELLE ET BESOINS ENERGETIQUES POTENTIELS 
4. Is there a generator in the compound? Yes / No Type :…………………………… 

What is it used for?………………………………………………………………… 
Is it petrol or diesel (please circle one)?  Petrol / Diesel 
What is its power?…………..kVA 
What time is it used?………from ……………to…………Cost/week………………………… 

 
5. Are there any solar panels in the compound (Please circle one)?  Yes / No 

What is the peak power?  ……Watts  Investment cost………………………… 
What are they used for?……………………………………………… ………… 

 
If electricity generation : 6-7-8 If not go to 9 
 
6. How many light bulbs are there in the compound (Please number the appropriate power)? 
25W   40W   60W   75W   
 
7. How many tube lights are there in the compound (Please number the appropriate power)?  
13W   18W   25W   40W   
 
8. Details of all Refrigerators, Freezers and other: 

Type (Fridge, Freezer, Combination 
other equipment) 

Size (Volume in Litres) Power (in W) 

   
   
   

 
9. If you had electricity (or longer) what would be the appliance/ equipment you would like to 

purchase? 

 
 

Equipment (size/ puissance) Utilisation time 
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10. What is your current income  ? ……………………………………………… 
Copra Fishing Taro/manioc Cattle breeding Other 

             Vt/m                  Vt/m                       Vt/m                       Vt/m  
 
11. How much per month are you ready to pay for having access to electricity? …………… 
 
12. What fuel do you use for cooking, and how much of it do you use per month?…………… 
 
13. How many batteries do you buy per month? 

Usage Number  Type of pile Quantity 
Radio    
Torch    

 
14. Do you have a car?  Yes / No   Diesel/Benzine 

How much fuel do you use per week?…………………………………………….. 
 
15. Do you purchase any other fuel (such as gas, petrol, benzine, kerosene or diesel) and if so how 

much do you purchase each week? …………………………………………… 
 
POSSIBLE BY-PRODUCT USES  
 
16. How many birds do you have? pigs? cattle? 

 Number Ration  
Buluk   
Pig   
Poultry   
 
17. If cooperative sold animal feed at a low price, would you buy it ?  Yes / No 
 
18. If the copra oil were sold for your car/generator uses at a lower price than diesel, would you 

buy it?  Yes / No 
 
COPRA PRODUCTION  
 
19. Do you produce copra (Please circle one)?  Yes / No 
If yes, How much Ha plantation? ……………………………………………………... 

Time Plantation /Village?……………………………………………………… 
How much did you plant last year?…………………………………………….. 
Will you pursue to plant this year ? …………………………………………… 
 

20. Do you have a copra drier ? Yes / No Do you rent it  ? Yes / No (if yes, cost) ………… 
 
21. What are the main problems concerning the drying stage ? …………………………… 
� Transport plantation - oven  
� Oven availability 
� Maintenance – pipe 
� Maintenance – roof 
� Maintenance – grid 
� Other…………………………………………………………………………………. 
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22. How often and how much do you harvest (tonnes)  each year? 
……………………………………………………………………………………………… 

 
23. Are you organised for the collection (Y/N), drying (Y/N), transport (Y/N) ? How?  

…………………………………………………………………………………… 
 
24. Which are your main productions ?  

Production Quantity Consumption? Selling?  
Taro   
Manioc   
Fishing   
Cattle breeding   
Others :    

  
25. Are you member of Lory COOP?  Yes / No   
 
Lory COOPERATIVE MEMBERS 
 
26. Which are the main problems encountered ? Which are the possible solutions? 

Laisser parler et proposer des solutions. Orienter si nécessaire 
 
 Problems  Solution  

  Tractor  Harvest difficulties (distance, weather 
condition…)  

  

 

Lack of transport facilities : 
- To go to the plantations/ gardens 
- To go from plantations to Luganville  

 
 
 4*4 

 Look for new outcomes, by products… 
 Improve its quality, harvesting more often 

  
Copra: lack of valorisation  

 Improve its quality, repair the ovens 
 To facilitate trade with Ahman 
 To start exportations 

  
Manioc : lack of valorisation 

   
  Other: 

 
  

 
 
27. Which activities do you want to create at Lory coop? 

�  Selling oil for Port Olry – Lorevulko cars  
�  Having a car for cooperative uses 
�  Producing and selling ice 
�  Producing and selling soaps and cosmetics at village scale 
�  Exporting organic oil 
Other……………………………………………… 

 
Comments: …………………………………………………………………………………….. 
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 
………………………………………………………………………………………………… 
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Subject of semi-structured interviews with Lory coop comity 
 
Copra quality: 

- Problems that disable to obtain good quality copra 
- Factors influencing these problems 
- Strategy that can be built through Lory co-operative to improve copra quality 

 
 
Fishing activities in the village 

- Commercial and personal fishing activity 
- Estimation of current ice bought in Luganville 
- Estimation of ice that could be sold in the village and surroundings. 

 
Future co-operative activities and potential copra oil outcomes in the village 

- For running cars 
- For generators specially co-operative generator  
- For cosmetics, soaps  
- For exports 

 
By products and other activities that can be developed at the co-operative or village level.  

- Copra cake: potential outcomes  
- Electricity : for shops, alimentary co-operative and for hardware 
- Ice: for fishermen and household uses.  
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Semi structured meeting with Lory coop members 
 
 
INTRODUCTION 
 

• Review of the objectives set up last meeting 
During a first meeting, community Forces, Weaknesses, Opportunities and Constraints were 
identified as well as all problems linked with agriculture and Lory Coop objectives. It appeared 
that Lory needs to focus first on coconut activities, then on yellow manioc and finally on cattle 
breeding. The group of producers envisaged to be supported by POPACA project in order to 
increase their income through better coconut valorisation and diversification.  
 

• Project presentation 
This reflection leaded to a project of copra oil production, built in accordance to Lory coop needs. 
Produced copra oil will have two different outcomes: 
��To feed an electric generator that will produce energy for cooperative activities (storage of 

agricultural and fishing products) and also sold to the few shops within the village 
��To commercialise oil as biofuel and organic oil for exports. 
 

• Working group presentation 
Objectives 

��To define copra production flow chart 
��To define problems encountered by copra producers, for each level of the flow chart  
��To define solutions that could help dealing with the former problems 
 

Method 
��Working groups composed of 6 persons.  
��Group reflection and ideas presentation 
��General discussion with the group 
 
First Step – Bottlenecks identification 
 

1. Copra flow chart identification 
 

1.1. Current organisation  
To Draw the processing flow chart with the target group  
 

1.2. Bottlenecks encountered during copra production  
 
Divide the process into 3 steps : Production, harvest and transport till the oven 
     Transformation 
     Commercialisation, transport 
 
Each group will have to deal with one of the flow chart step (production, drying, 
commercialisation) and one group with manioc. They will discuss about the bottleneck they 
encounter during this specific step.  
 

1.3.Potential solution 
 
- For each bottleneck fund discuss possible solutions  



  

73 

 
 
 Problems Solution Expected outcome 

 
Production 

• Difficulties for green copra 
transportation to the ovens 

• Too much germinated coconuts 
• Bad quality roads 
• Roads unsuitable for motor 

vehicle 

• Transport utility for 
cooperative needs 

 
 
 
 
 

• Time saved 
• Better quality of products 

after 
    processing 
• Less difficult tasks 

Transformat
ion  

• Insufficient number of drying 
oven 

• Bad quality equipment 
• Way of working (want to dry 

too fast) 

• Repairing copra oven 
• Technical assistance 

for copra drying 

• Better quality of products 
after processing  

• Improvement of income 

Commerciali
sation 

• Long transport to Luganville  
• Copra get wet during transport 
• Problem with transport 

reliability 
• High transportation costs 

• Transport utility for 
cooperative needs  

• Transport organization 

• Better quality of the final 
products  

• Improvement of income  
• Time saved 
 

 
Manioc  

• Products needed careful 
manufacture: 

     Can not use horses for transport
     Has to be sold immediately in 

Luganville 
• Problems with wild animals 

• 4*4 
 

• Harvest 
Increased efficiency  

• Commercialisation  
Facilitate trends 

 
 
Second Step – The potential for copra oil substitution 
 
Find out different local use
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