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A B S T R A C T   

Like other developing countries, rural electrification is a longstanding priority for Pacific Island Countries (PICs). 
Scores of renewable resources are being mobilised to achieve rural electrification and green energy targets, given 
the growing concerns with fossil fuels. This transition is often costly for PICs, or broadly, poor developing 
countries. By adopting a nomothetic approach, this study examines the mobilisation of resources for rural 
electrification projects in Fiji under their National Biofuel Implementation Program. We find that these projects 
have only been successful in minimal circumstances, and the projects in operation are under significant stress due 
to mismanagement or lack of resources. A key reason for failure has been insufficient capacity and poor project 
design—the study analyses the causes and attempts to fill the knowledge gap through a cost-benefit analysis. We 
consider the first three sites where the relevant data was gathered through field surveys using a semi-structured 
approach. Only one of the three project sites is successful due to greater community involvement and partici-
pation through functional traditional governance systems. Key findings also indicate potential lessons for poli-
cymaking and relevant implementation processes that would benefit PICs and other small developing countries 
looking at similar projects.   

1. Introduction 

Rural electrification schemes are quality of life-enhancing programs 
aimed at communities without reliable access to electricity (Meyer and 
Overen, 2021; Rathi and Vermaak, 2018; Sánchez et al., 2015). These 
schemes provide opportunities to realise the substantial social and 
economic benefits of electrification that were not necessarily available 
prior to implementation (Zomers, 2003). PICs have engaged in several 
such projects as part of the sustainable development agenda (Dornan 
and Shah, 2016; Weir, 2018). These projects require substantial finan-
cial commitments and technical resources, which most rural or isolated 
communities do not have (Hirmer and Cruickshank, 2014; Vernet et al., 
2019). With government interventions as a practical option for strug-
gling Pacific Island economies, the burden on taxpayers and the national 

accounts is immense, given the communities’ negligible economic and 
tax contributions to the national coffer. In Fiji, some outer island com-
munities are provided coconut oil (CNO) run centralised generator 
systems under the National Biofuel Implementation Program (NBIP). 
Since ex-post appraisals of these systems are not readily available, this 
study fills this gap through cost-benefit analysis based on survey data. 
The surveys were conducted in the first three sites where CNO-based 
energy projects were established (Koro, Cicia, and Rotuma). 

The Fijian Government budgets approximately USD 5million for 
rural electrification projects each year, where NBIP is usually given 
~20% of this financial allocation (Government of Fiji, 2013, 2017). 
Despite such an allocation, the targeted beneficiaries access electricity 
only for three to 5 h per day, depending foremost on the availability of 
diesel. These communities are severely affected by their relative 
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isolation and lack of regular shipping services, explaining the Fiji Gov-
ernment’s current position on CNO use. The idea is to reduce reliance on 
diesel shipped from distant mainland centres. With the current ratio 
being twenty parts CNO and eighty parts diesel – designated as B20, the 
implied reduction in diesel shipments would thus be ~20%. This strat-
egy partially addresses the fuel supply challenges and indirectly sup-
ports the local copra industry. 

Fiji’s biofuel programs fall under the Rural Electrification Policy 
(REP), a subset of the National Energy Policy (Government of Fiji, 
1994). All relevant activities rest with the Energy Fiji Limited (EFL) and 
the Department of Energy (DoE). EFL looks after national grid exten-
sions, while the DoE takes care of remote areas where extending the 
national grid is not economically feasible. Before the onset of the REP, 
the Fiji Public Works Department (FPWD) was solely responsible for 
rural electrification, which generally carried out the projects with little 
planning and administrative support (Matakiviti and Pham, 2003). The 
government heavily subsidised these electrification schemes, which 
reached as high as 90% of the initial costs with minimal contributions 
from its beneficiaries. This arrangement partly explains the lack of 
commitment and consequent mismanagement of the projects. In addi-
tion to this, there was a significant lack of oversights and accountability 
mechanisms (Matakviti and Pham, 2003). The government’s obligations 
towards rural electrification have remained intact for most periods in 
the past, but many projects have either failed or have become dormant 
(Dutt and Macgill, 2013). 

The DoE conducted feasibility studies and socioeconomic assess-
ments of these projects to ascertain their relevance decades after the 
initial installations (Cloin and Saula, 2007; Watling, 2012). Several 
CNO-based projects have since been deployed, with the DoE leading the 
implementation from 2010. Notably, there have been minimal upgrades 
or developments within the study areas’ local electric grids initially set 
up by FPWD. 

While the Fijian rural electrification experience may be far-fetched, 
the highlighted issues and findings represent potential project design 
lessons for developing countries pursuing similar ventures, particularly 
in favour of isolated communities. The premise of drawing such lessons 
is the critical element of this study, which highlights several issues that 
hinder the economic sustainability of rural sector electrification pro-
jects. Therefore, to investigate the impact of the biofuel program, this 
paper presents the following:  

• an estimation of the household demand for electricity as anecdotal 
evidence to indicate whether the level of government expenditure on 
biofuel projects was warranted;  

• the feasibility of B20 fuel in the context of isolated communities such 
as those found in Pacific Island countries;  

• economic gains of the biofuel programs for local communities;  
• socioeconomic prospects of the villagers from the electrification 

program; and  
• identify weaknesses in the management of the projects. 

This paper is divided into six sections. The following section reviews 
the literature on coconut oil as an alternative fuel to diesel and its 
application in PICs, including Fiji. Section two discusses the research 
methodology and data sources, while section three presents the research 
results and relevant discussions. Section four concludes the paper with 
some policy recommendations. 

1.1. Background 

Due to cost and supply challenges, Fiji’s biofuel program actively 
promotes CNO for electrification in the outer islands. These commu-
nities typically have abundant coconuts, and CNO as a potential fuel for 
producing electricity is a logical choice for the Fiji Government, 
including other PICs facing similar challenges (Watling, 2012). This 
approach also aligns with global trends towards renewable energy 

systems for electricity production. However, biofuel programs can also 
be counterproductive, as demonstrated by the 2008 food crisis, partially 
caused by biofuel systems (Subramaniam et al., 2019). The severity of 
this threat is commensurate with the scale of biofuel production. For 
Fiji’s rural electrification biofuel programs, this threat is insignificant 
given their diminutive scale of operations. Watling (2012) determined 
that the added quantity of coconuts needed for electrification is too 
small to severely affect the island’s food security. Copra is also one of the 
primary sources of household income for the island communities, and 
having a CNO-based biofuel program brings other potential benefits of 
up-scaling income levels of these communities. Decentralising coconut 
oil production activities to Fiji’s outer-islands or far-flung communities 
also positively impacts Fiji’s ailing national copra production (Tuiva-
nuavou and Sheehy, 2016). 

The practical application of CNO in diesel engines is a proven 
concept (How et al., 2012; Kanthavelkumaran et al., 2017; Vara-Prasad, 
2017). CNO can be used in four ways – using pure CNO as a complete 
substitute for diesel, blending pure CNO with diesel, synthesising bio-
diesel from CNO and using it as a complete substitute for diesel, and 
blending synthesised CNO-based biodiesel with diesel (Carr, 2009; 
Hossain et al., 2012). Localised CNO-based biodiesel production in rural 
and isolated communities in Fiji would not be economically practical. 
Lugo-Méndez et al. (2021) highlight that production costs are a signif-
icant disadvantage for biodiesel systems, which rural communities, 
including the Fiji Government, would find very challenging to bear 
(Kumar et al., 2021). Such systems also require technical skill sets that 
are not readily available (ARE, 2014; Woodruff, 2007). These chal-
lenges, therefore, make the biodiesel option too costly or infeasible for 
rural Pacific Island communities, making pure CNO or its blends more 
attractive (Prasad and Singh, 2020). The feasibility of the latter options 
was demonstrated by pilot programs administered in rural communities 
of Fiji and Tuvalu in the early 2000s through donor support. Woods et al. 
(2006) provide a detailed account of these experiences. 

Using pure CNO to run the diesel generators in these two countries 
initially proved successful. However, significant problems unrelated to 
the use of pure CNO emerged to the detriment of the project. In Fiji’s 
case, it was mostly an organisational problem. Woods et al. (2006) 
raised concerns about the project design and implementation, given the 
communities lack of ownership. They argued that insufficient consid-
eration was given to the critical management skills necessary to operate 
and sustain such schemes. Solutions for impending problems related to 
several serious social, political, and economic risks were not adequately 
defined or considered at the planning stage of the projects. Such projects 
need strong leadership and management skills to facilitate them 
continuously and sustainably. These skills should help achieve desired 
productivity and collaboration outcomes among the parties involved in 
managing projects (Bórawski et al., 2019; Heiskanen et al., 2016; 
Mousavi and Bossink, 2017). Leaders’ emergent knowledge to success-
fully manage biofuel projects are eco-innovation management, adaptive 
leadership, and sustainable change management. Biofuel project man-
agement leaders need to thoroughly assess the risks associated with 
projects to mitigate them well before they unravel. 

In Tuvalu’s situation, the collapse of the copra industry ended the 
prospects of using pure CNO for national power production in 2002 
(Woods et al., 2006). Not enough copra was being processed due to low 
coconut yields. The government’s decision to terminate copra subsidy 
incentives at above-market prices in response to the declining conditions 
was also a contributing factor. It would seem that Tuvalu has completely 
abandoned the CNO idea, as evidenced by their 2012–2020 energy 
master plan (Tuvalu Electricity Corporation, 2012). In the case of Fiji, 
the copra industry is not thriving due to some fundamental problems, 
but production is not optimal (Tuivanuavou and Sheehy, 2016). Out of 
all the PICs, Vanuatu is the only one that has sustained pure CNO for 
power generation (SPC, 2017; UNELCO, 2019). 

Project experience with the blending method is more widespread 
than using the pure CNO method among PICs. Donor-funded trials have 
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been conducted in Fiji, Marshall Islands, Kiribati, PNG, Samoa, Solomon 
Islands, and Vanuatu (Cloin, 2007). There is no evidence to suggest that 
PNG and Kiribati have sustained blended CNO-use from these countries, 
unlike the other five PICs (SPC, 2017). Fiji has adopted the B20 blend for 
its rural electrification projects for some time now. With at least five 
communities targeted under NBIP, this study evaluates potential ob-
stacles to the success of these projects that may be helpful for relevant 
future considerations. Central to this study is the more compelling note 
that CNO offers the opportunity to reduce the fuel import bills at the 
national levels if utilised and applied appropriately. For the fourteen 
PICs, fuel imports as a percentage of GDP averaged at ~10% in 2018 
(World Bank, 2018).4 Any prospect of reducing such burdens by the 
small developing Pacific countries is quite dim unless relevant new and 
sustainable technologies are adopted at a bigger scale. This message has 
been consistently shared throughout the literature (Betzold, 2015; 
Mohanty, 2012; Singh, 2012). 

2. Materials and methods 

With a land area covering ~109 km2, Koro Island is larger than the 
other two islands combined. For the 3241 inhabitants, it takes approx-
imately 8 h for a ship to reach Koro Island from Fiji’s capital, Suva, 
which is ~130 km away (Fiji Bureau of Statistics, 2017). Cicia Island, 
with a standing population of ~1,024, has similar geographical, 
demographical, and cultural features to Koro Island, although the land 
area is significantly smaller at ~34 km2. Located ~250 km from Suva, 
the shipping services to Cicia Island under the best conditions have been 
limited to just once a month, with journeys lasting ~18 h one way. 
Rotuma Island comprising seven districts, each containing several vil-
lages, is located the furthest from Suva at ~650 km and is predominantly 
Polynesian. With a land area of ~43 km2, a ship’s journey takes 32 h to 
reach the island, which also has been declared an international port of 
entry by the Fiji government (Watling, 2012). 

A key defining feature that separates the three islands is that Rotuma 
has a better functioning governance model than the other two pre-
dominantly Melanesian islands. Each district in Rotuma has a paramount 
chief that is part of the council of seven chiefs in Rotuma, recognised as 
the highest authority on the island. This council of chiefs is actively 
engaged in managing the island’s affairs, through whom their respective 
village-level chiefs sustain community-level operations. The governance 
model in Koro and Cicia Island is not as structured and engaged as this 
study highlights. This feature directly impacts the success of projects 
implemented on the islands, which we showcase in this paper. 

This study relies on survey data. The surveys were administered 
using semi-structured questionnaires at the first three implementation 
sites of the biofuel program (refer to Table 1).5 With approximately 
thirty questions organised under three sections, the questionnaires 
formed the basis of the interviews. These sections looked at the 
following:  

i) background information of the respondents – dwelling type, 
farming and income-generating activities, typical energy sources 
and their costs;  

ii) perceived impact of the biofuel project – frequency and volume of 
biofuel consumed for electricity production, perceived economic 
spin-offs and quality of life outcomes including food security 
concerns; and  

iii) households’ demand for electricity by a stocktake of the electrical 
items used by the households. 

The research activities included: 1) site visits to the copra mills; 2) in- 
depth and casual interviews with the community members and key 
stakeholders of the copra mill, including document reviews; and 3) 
observational assessments of the operation of the power generation 
plant. 

The data gathered from the surveys were used to perform the ex-post 
social cost-benefit analysis of the biofuel projects. There were two main 
types of respondents: 1) the household representatives and 2) employees 
and managers of the copra mill that were producing CNO for the elec-
tricity generators. In total, 66 households, four company board members 
and six mill employees participated in the survey across the three 
islands.6 Apart from these interviews, production documents were also 
used to collect and verify the information collected via interviews. 

3. Results and discussion 

At the time of the survey, the copra mill in Cicia was operating 
minimally for more than a year, and the consumption of B20 was 
reduced to less than 100 L per week. In Koro, the demand for B20 
reduced to approximately 150 L per week, and the mill was processing 
copra intermittently at only 8% of its production capacity. The re-
spondents in Koro and Cicia Islands highlighted that the mills could not 
purchase copra from the farmers at a sustained rate. The millers would 
only buy copra based on their need for CNO instead of sustaining a 
desired level of demand to motivate the suppliers. This is perhaps the 
reason for the low level of community support for Koro and Cicia (21% 
and 20%, respectively). Village generators were constantly breaking 
down, leading to a dramatic decline in the demand for B20 or CNO and 
thus the community’s loss of confidence in the biofuel program. The 
system in Rotuma, however, was functional at the time of the survey and 
the electrification project had much better community support (57%) 
compared to 20% among the other two communities. 

To understand the consumption demand, a stocktake of electrical 
appliances and equipment was conducted for the households (refer to 
Fig. 1). Each household had 1-4 lights and 1–3 electric power points. 
Electrical appliances such as refrigerators, washing machines, and 
clothing iron were rare. Television sets and transistor radios were 
standard among 85% of the households. This represents the electrical 
energy consumption of no more than 1–1.3 kWh per day for each 
household, which is relatively low even by developing country stan-
dards. Fiji’s national average demand for electricity is 11.3 kWh per day 
(UNSD, 2020). The households’ low consumption needs also explain the 
reluctance and lack of support for electrification projects in these com-
munities. In Koro, 50% of the families have radios, 24% have TVs, and 
only 2% own refrigerators. Cicia recorded similar figures except that 
14% of the households owned refrigerators. Rotuma, on the other hand, 
recorded relatively higher percentage ownership of most of these items 
(see Fig. 1 for details). The cultural differences, economic situations and 
linkages of these communities can explain the details of variance in 
consumption. 

The survey also attempted to determine the perception and attitudes 
of the people towards the energy projects in the three islands. The re-
spondents were read a set of statements about the quality of life, and 
their responses were recorded (see Supplementary Table 1). With a 
100% response rate, these statements targeted their views on the Biofuel 
Implementation Program, including its perceived impact on their well- 
being. Supplementary Table 1 shows that the households in Koro and 
Rotuma are more optimistic than those in Cicia. The greater negative 

4 This includes Vanuatu, Cook Islands, Samoa, PNG, Solomon Islands, Nauru, 
Kiribati, Tonga, Fiji, PNG, Niue, Marshall Islands, Palau, FSM and Tuvalu. 

5 These were the first sites priortised by the Fiji Government for rural elec-
trification under the biofuel program. With several years of operational expe-
rience, we had assumed that the targeted communities would have sufficient 
understanding of the biofuel program and its varying intricacies that would 
benefit this study. 

6 Cicia – 19 households, 1 mill employee; Koro – 32 households, 2 mill em-
ployees and 2 board members; Rotuma – 15 households, 3 mill employees and 2 
board members. 
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view in Cicia is perceivably related to the past experiences of the people 
with government projects. 

Eighty per cent of the households in Rotuma and 85% in Koro agreed 
or strongly agreed that life was better at present than what it used to be 
five years ago. Most of the same group agreed that life would get better 
in the future. In Cicia, on the other hand, less than 50% of the re-
spondents believed that life would be better in future. This view could be 
because the copra mill remained dysfunctional for more than a year, and 
their income from CNO demand disappeared. In response to the state-
ment concerning the environment, 90% of the respondents agreed that 
CNO was a renewable fuel source. They were especially concerned that 
the widespread use of unblended diesel would potentially do more harm 
to the environment via, for example, insecure or unsafe storage and 
handling practices. 

Finally, the selling price of B20 was deliberately set lower than or-
dinary diesel to encourage demand, and the survey results show that 
87% of the sampled households were aware that B20 was a cheaper 
alternative for them. As per data, 98% of the households in Cicia were 
unhappy with the biofuel project mainly due to mill closure, while 100% 
of the households surveyed in Rotuma were satisfied with the project. 
For Koro Island, this was 71%, which was by far greater than Cicia Is-
land. Anecdotal evidence shows that the people in Cicia were largely 
unhappy because the community seemingly failed to realise the project’s 
intended benefits. 

3.1. Business model for the projects 

The administrative structures of the projects in Cicia and Koro were 
not defined well to operationalise them, nor were they structured 
appropriately for accountability. There are two sets of administrative 
requirements for these projects: 1) management of CNO production 
(marked CNO production in Fig. 2); and 2) management of electricity 
generation (marked village generators and trucks). None of these 
structures was defined clearly both in Cicia and Koro. 

Fig. 2 presents a generalised business model for biofuel projects. This 
model is indicative of an operational scheme of a biofuel-diesel system of 
electricity production for village communities in Pacific Island 

countries. If such a business and administrative model is followed then 
the CNO industry in the islands could have the potential to succeed. In 
the case of the Koro and Cicia islands, a necessary administrative 
requirement is a village cooperative model to collect, supply and process 
coconuts from the farmers. In Rotuma, these structures were well placed 
and functional. 

Under the existing arrangement, copra farmers have the following 
three options at their disposal as far as selling copra is concerned. The 
efficacy of these options is related to cost incidents and effort.  

1. Sell copra directly to the local mill, which is relatively costly since 
transporting copra to the mill is subject to the availability of trans-
port. With road conditions being highly rugged in some of the 
islands, a one-way journey can cost up to USD40;  

2. Use the village cooperative for drying and transporting copra to the 
mill. Approximately 40% of the farmers currently use this option. 
These farmers find this arrangement to be cost-effective, with income 
shared between the village cooperative and farmer being the only 
major downside; and  

3. Sell copra to offshore mills on the mainland (Viti Levu and Vanua 
Levu) via weekly or monthly shipments. This option is usually the 
last resort for farmers, taken only by those unable to sell locally. 

Table 2 highlights some price variances in the islands based on data 
collected from the study sites. The case of Rotuma is compared with the 
case of Koro and Cicia collectively. The price of CNO in Rotuma was 
found to be lower than the prices in Koro and Cicia and was determined 
by the respective island biofuel company. The diesel and B20 fuel prices 
were also different, dictated by the distance of the central supply hub 
from the use point. Rotuma records a higher price for B20 mainly 
because of the higher landing cost of diesel. However, dried copra and 
copra meal prices were the same across the three islands. Table 2 shows 
that B20 is slightly less costly compared to diesel. From this price data 
alone, it is evident that the production of electricity in Rotuma should be 
costlier than Koro and Cicia. However, despite this cost advantage for 
B20 in Koro and Cicia, the projects there failed to deliver. On the other 
hand, the Rotuma project proved successful, attributed mainly to the 

Table 1 
Biofuel project support.  

Island Cost (USD) No. of Mill Personnel Island Biofuel Companya Total no. of villages No. of villages in supportb People supporting the projectc 

Koro $220,000 5 Koro Biofuel Company Ltd 14 3 21% or 680 out of 3241 
Cicia $225,000 4 Cicia Biofuel Company Ltd 5 1 20% or 205 out of 1024 
Rotuma $300,000 4 Rotuma Biofuel Co. Ltd 24 14 57% or 1141 out of 2002 

Note. 
a Koro and Cicia biofuel companies partner with DoE, while the Rotuma biofuel company operates independently of DoE. 
b These figures represent the number of villages that engage with the Island Biofuel Company regarding supply of copra and purchases of the B20 fuel, CNO and 

copra meal. 
c The presented data signify coverage or program representation in the islands. However, these values are indicative, as they are entirely based on the responses from 

our 66 survey participants. The count was derived from the number of people known to live in the respective villages actively engaging in the biofuel program. 
Source: Field Research. 

Fig. 1. Household electrical appliances (percentage number of households). *Others include other household appliances such as washing machine, electric kettle, 
and iron. Source: Field Research and Watling (2012) 
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institutional support from their church and council of chiefs. 
In terms of production levels, the mills operated at 0%, 8%, and 42% 

capacity in Cicia, Koro, and Rotuma, respectively (see Table 3). B20 sales 
in the islands ranged from 100 to 500 L, while idle stocks of CNO in 
storage were the highest in Rotuma. This implies that Rotuma had a more 
effective fuel production and storage management. The sale of excess 
CNO and copra stocks were minimal due to the limited number of 

consumers on each island. Low CNO sales for food and other household 
uses were a critical motivating factor for its application in the commu-
nity generators. Electricity generation created a definite market for CNO 
and thus an incentive for copra production. 

Despite these incentives, communities in Koro and Cicia became 
perceivably less motivated to engage in their respective projects, exac-
erbated by severely lacking administrative skills. 

The contrast among the three projects is the difference in the mill 
management arrangements and community engagement variances. 
Rotuma project had very well structured aspects of both management 
and community support. 

3.2. Ex-post social cost-benefit analysis of the biofuel program 

To determine the project’s economic success, we quantify the net 
economic benefits of the biofuel program after implementation. We also 
evaluate the effectiveness in meeting the perceived targets from the 
government’s perspective. Only two of the projects, Koro and Rotuma, 
are examined due to the lack of credible operational data from Cicia. 
Here, the cost valuations are based on input shadow prices within the 
context of each island. Most of the data used for the calculations are 
obtained from the survey interviews. Some costs are obtained from the 
existing secondary sources. 

In development, the benefits of rural electrification cut across sec-
tors. Therefore, since these island communities already had access to 
power in other forms, this CBA ignores such cross-sectoral costs and 
benefits. Comparative costs and benefits reveal the required variance in 
the net outcomes. Therefore, the valuations of costs and benefits are 
based only on the incremental impacts of switching to B20. Supple-
mentary Table 2 details the inherent costs and benefits. It also presents 
the relevant estimations and evaluations used to arrive at those figures. 
All monetary values are equivalent US dollar estimates. 

Fig. 2. Institutional setup and process flow for the three islands. 
Note: Blue arrows represent financial flows, while green arrows show a transfer of materials. 
Source: Authors’ Analysis from the Field Research 

Table 2 
Commodity prices in the supply chain.  

Product Price (USD) 

Rotuma Koro & Cicia 

CNO (per litre)a 0.90 1.00 
B20 CNO Diesel Blend (per litre) 1.35 1.23 
Diesel (per litre) 1.39 1.31 
Copra meal (per kg) 0.25 0.25 
Dried copra (per ton) 250 250 
Wet Copra (per kg) 0.25 0.13b 

Note: 
a These prices are even lower than the 2014 world price of USD1.29 per litre 

quoted by the World Bank. 
b This reference is for Koro only as the Cicia plant was not operational due to 

idle stock and shipping issues. 
Source: Field Research 

Table 3 
Mill production, sale of B20 and stocks-on-hand as of 2013.  

Description Koro Cicia Rotuma 

Maximum copra production 
capacity per day (tons) 

1.2 1.2 1.2 

Actual copra production level 
per day (kg) 

100 (at 8% 
capacity) 

0 500 (at 42% 
capacity) 

B20 fuel sold each week (litres) 150 ~100 500 
Idle Stock CNO (litres) 2000 2000 8100 
Idle Stock Copra Meal (tons) 1.5 2 5.4 
Hourly wage (USD) 1.25–1.35 1.25–1.35 1.40 

Source: Field Research 
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3.2.1. Analysis parameters and key assumptions 
Following Zieroth et al. (2007), the analysis covers a 20-year time-

frame and replicates 15% as the social discount rate. An inflation rate of 
2% is applied to revenue and cost variables.7 The initial capital outlay is 
the average project start-up cost with the following added assumptions 
derived from the cost estimates:  

1) Cost of mill generator (41%) and copra mill equipment (39%);  
2) Building the production warehouse (15%); and  
3) Initial start-up capital of 5% to commence the milling operations. 

Individual village standalone generators represent sunk costs since 
the equipment was already in place before the biofuel projects were 
implemented. The three copra mills have the same conventional diesel 
generator, an operating capacity of 37 kVA or 29.6 kW applied at 0.8 
power factor. The yearly consumption of electricity for the mills is 
~37,000 kWh. Here, a fuel conversion efficiency of 3.3 kWh/litre is 
considered. 

Studies such as Kalam and Masjuki (2003) have shown that diesel 
blended with ordinary coconut oil leads to a net reduction in exhaust 
emissions, but this depends on the engine throttle setting and the CNO 
blend ratio. Following their findings, we assume that the biofuel pro-
grams do not bring net reductions in CO2 emissions, especially since 
electricity consumption is minuscule and generators would not be 
running at the optimal efficiency levels. Finally, it was clear from the site 
visits that the number of households connected to their respective power 
generation units remained the same. 

3.2.2. CBA results 
As per usual practise with cost-benefit analysis, we analyse the actual 

situation or with-project scenario and the counterfactual scenario 
(without-project). In terms of the former, we consider the impacts of the 
biofuel program. For the latter, we consider the situation where there is 
no biofuel project and that the respective islands continue using con-
ventional diesel for electrification. Table 4 explains the two main sce-
narios in detail. We also break the factual scenario into three sub-levels. 
The intent is to examine the changes in copra production since it is the 
critical input component of the projects. In doing so, we can determine if 
the current production levels are adequate or not. The counterfactual 
scenario is not given this treatment because the biofuel project is ignored 
in the analysis. 

In the main scenario, we consider the rise in the demand for B20, 
including the prospect of increasing the share of CNO in the blend to 
question whether the adopted fuel mix is favourable and whether the 
biofuel projects meet Fiji’s rural electrification objectives. 

Results from both these scenarios form the basis of the ensuing 
arguments. 

In the analysis, Koro’s actual mill production level is compared with 
the Rotuma copra mill, including an optimal scenario where mills 
operate at their maximum capacity. The analysis also uses certain con-
version factors (see Table 5). 

Table 6 combines the results from the three scenarios—the robust-
ness of these results was tested by simulating changes in the price of 
diesel and social discount rates. Variations in the data were insignificant 
and did not affect the outcome. Table 6 shows that at current B20 
consumption levels, Koro is better off without the project. For the with- 
project scenario, the derived net present value is -US$494,000 compared 
to a -US$375,000 for the without-project scenario. Despite the 
comparative costs between the two scenarios far outweighing their 
relative benefits by US$119,000, the without-project scenario is seem-
ingly more favourable. However, the results become much more positive 

when B20 consumption or CNO proportion in the fuel increases sub-
stantially. The table shows an increase in the net present value by US 
$116,000 when B20 demand is doubled from current levels. It also 
shows a significant fall in the net present value from -US$375,000 to -US 
$856,000 for the without-project scenario when local consumption of 
diesel is twice the current levels. Given this significant disparity, there is 
sufficient cause for the implementing agency, including the beneficiaries 
in Koro, to make this model work. Any surge in the island’s economic 
spin-offs resulting in increased hours of electrification would render 
their ongoing reliance on diesel economically untenable and potentially 
further deteriorate Fiji’s national balance. Doubling B20 consumption is, 
therefore, more favourable for Koro. Changing blends to B50 produces 
similar results. 

By contrast, Rotuma has fared well across the three consumption 
scenarios despite producing CNO at 42% capacity. Even more favour-
able results are shown when fuel consumption is doubled or when the 
CNO-blending ratio increases to B50. Table 6 shows that doubling the 
demand for B20 brings about a ~90% increase in net economic benefits. 
Without-project assessment for Rotuma was not performed because 
relevant calculations would have produced negative net economic 
benefits – similar to calculations related to Koro. This result would have 
made the comparison with the with-project scenario redundant, given 
the positive results across the given consumption scenarios. This is why 
the relevant entry in Table 6 is marked as “Not Calculated”. 

Two potential conditions for the project’s success emerge from the 
analysis, which is perceivably the case, at least in the short term. The 
results show that net economic benefits would be more favourable if the 
islands: 1) increase CNO production to at least 42% of the capacity; and 

Table 4 
Scenarios for the SCBA  

Scenario 
Type 

Assessment Scenario Categories: 

With-Project Without-Project 

Consumption Current level of B20 sold each 
week (500 L) 

Consumption of diesel 
equivalent to the current 
demand of B20 (500 L per 
week) 

B20 fuel sold each week is 
doubled (1000 L) 

Consumption of diesel 
equivalent to 1000 L of B20 per 
week 

Change B20 to B50 demanded 
at 500 L per week 

Consumption of diesel 
equivalent to 500 L of B50 per 
week 

Sub-level Current levels of mill 
production at 100 kg of copra 
per day as revealed from the 
Koro project (92% spare 
capacity) 

Not applicable 

Current levels of mill 
production at 500 kg of copra 
per day as revealed from the 
Rotuma project (58% spare 
capacity) 
Optimal levels of mill 
production at 1200 kg of copra 
per day (no spare capacity)  

Table 5 
Conversion Factors used in the analysis.  

Description Factors 

CNO yield ~1.7 kg of dried copra = 1 L of CNO 
CNO (main product) and copra 

meal or cake (by-product) ratio 
~55% of the copra is transformed into CNO, 
while the remaining 45% consists of the copra 
meal 

Energy content of CNO 35 MJ per litre 
Energy content of diesel fuel 41 MJ per litre 

Sources: Zieroth et al. (2007), Carr (2009), and Zieroth (2012). 

7 World Bank (2018) estimates Fiji’s inflation to be 3.3% averaged from 2000 
to 2018. While the figure applied in the analysis is slightly lower than this 
estimate, the impact on the final results is still going to be minimal. 
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(2) increase the daily production of electricity to consume at least 500 L 
of B20 per week. 

Following the due process of running a business carries a greater 
emphasis on the results. This requirement can be challenging to main-
tain in a Fijian rural setting because villagers would need to, among 
other things, deviate from their socio-cultural norms and communal way 
of living. 

For projects in PICs to be successful, project managers need to adopt 
a competent project management attitude by hiring expert technical 
staff who value work and productivity more than personal leisure and 
entertainment (Lange et al., 2018; Melica et al., 2018; Tingey and Webb, 
2020). Several village communities collaboratively manage clean en-
ergy projects in the PICs in partnership with local and international 
institutions. The survival of these projects depends heavily on commu-
nity commitment, but mechanisms should strengthen and ensure that 
funds are transparently managed with minimal leakages. Without 
committed leadership and expertise, projects will not survive in such 
community cooperative models with hybrid management systems where 
private interests and attendant oversights are non-existent (Lange et al., 
2018; Melica et al., 2018; Tingey and Webb, 2020). 

The analysis generally shows that processing copra at a minimum of 
42% production capacity is central to the success of the biofuel project. 
With the implementation costs averaging ~USD0.25 million on each 
island, this puts significant pressure on the island communities and 
other stakeholders to make commercially feasible choices. The low 
operational activity within two years was a clear sign of project failure in 
Koro and Cicia. This negative outcome suggests that certain aspects of 
project planning may not have been adequately conceived and applied. 
The results also indicate that the mill setups were too large to match the 
local B20 demand, explaining the significant downtimes or inactivity 
and apparent weaknesses of project designs and poor planning by the 
government as the implementing agency. It is also unclear from the 
existing documents whether a demand analysis for the systems was 
carried out during the project feasibility studies. If these were done and 
applied appropriately, the results in Table 6 might not have been as 
negative. 

Furthermore, it would appear that the communities took over the 
control of the projects prematurely and lacked the necessary know-how. 
It was clear from the Koro and Cicia experience that the technical and 
administrative capacities were not adequately established. For Rotuma, 
these challenges were not as obvious. Survey findings have shown 
significantly higher levels of community engagement and effective 
management from their council of chiefs. Relevant discussions are cat-
egorised below. 

3.2.3. Some observations on the social CBA 

3.2.3.1. Lack of understanding of the village traditions. The results 
question the process taken to decide the feasibility of the biofuel pro-
grams in Koro and Cicia, given their apparent failures not long after 
implementation. There were indications that the respective commu-
nities were not effectively engaged or consulted. Mazur et al. (2019) also 
point out this problem in energy projects of emerging economies. The 
consultants may have lacked the knowledge of the communities’ tradi-
tions, conflicts and governance structures and, more importantly, their 
critical involvement in the success of projects (Rasool et al., 2021). The 
operational issues and potential challenges may not have been effec-
tively explored and shared with the village operators. 

On the other hand, the project in Rotuma has been successful. The 
feasibility of CNO-based electrification in Rotuma was demonstrated five 
years before implementation (Zieroth et al., 2007). This success may 
also be attributed to certain elements distinguishing Rotuma from Cicia 
and Koro. Cicia and Koro share socioeconomic, political, and develop-
ment characteristics that are significantly different from Rotuma. Based 
on our survey findings, household income, economic activities and 
traditional governance systems in Rotuma were more pronounced. Local 
institutions, such as the council of chiefs and church, were more active 
and provided full support for the operations of the biofuel project. As a 
result, there was a greater degree of participation from their people 
through these systems. 

In contrast, it is not the case for Cicia and Koro. Traditional gover-
nance systems in these islands are generally more fragmented and 
inactive. From our understanding, each village prioritised their own 
needs with seemingly limited cohesion or collaboration on issues 
affecting the whole island. 

3.2.3.2. Input sourcing and logistics. The location of the mills is a 
contentious issue in both Koro and Cicia. The respondents indicated that 
the location of the mills was not appropriate. They were far away from 
the main wharf adding costs of transport. The cost of USD20-45 of hiring 
to transport copra to the local mill was too high. Some farmers found it 
more cost-effective to sell their copra to offshore mills. 

As a result, many villages in the vicinity switched back to diesel for 
electricity production. The villages could not resolve the issues, where 
village infightings played out against the projects and amplified the 
community resentment against the milling operations. These issues 
rendered the projects untenable. The survey also revealed that system 
maintenance was not possible due to a lack of training and technical 
know-how. The survey revealed that these communities were more in-
clined towards solar power or diesel than CNO for electrification. 

Table 6 
Summary of SCBA results in USD.a.  

Consumption scenarios Sub-level Consumption Scenarios Main Assessment Scenario Which scenario is favourable? 

With-Project Without Project 

NPVb BCRc NPVb 

Current B20 demand Koro − 494,000 0.640 − 375,000 Without Project 
Rotuma 131,000 1.076 Not Calculated With Project 
Optimal 1,223,000 1.524 Not Calculated With Project 

B20 demand is doubled Koro − 378,000 0.782 − 856,000d With Project 
Rotuma 246,000 1.118 Not Calculated With Project 
Optimal 1,338,000 1.495 Not Calculated With Project 

B20 is changed to B50 Koro − 369,000 0.711 − 375,000 With Project 
Rotuma 225,000 1.152 Not Calculated With Project 
Optimal 1,348,000 1.602 Not Calculated With Project 

Notes, 
a .All figures have been rounded to the nearest 1000. 
b NPV – Net Present Value. 
c BCR – Benefit-Cost Ratio. 
d This calculated figure is based on a situation where the local diesel consumption is doubled. 

Source: Author’s Calculation 
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3.2.3.3. Logistic and administrative challenge. The local biofuel company 
that manages the project in partnership with the DoE does not always 
follow prescribed governance guidelines. Board members rarely meet, 
and the mill managers work under minimal supervision and planning. 
This is a fundamental governance problem. On maintenance, keeping 
servicing log records was non-existent. There appears to be a lack of 
commitment from DoE on the required operational matters, and the 
village committees were seemingly lax about the collections of dues. 
These factors contributed to the projects’ systemic failure in Koro and 
Cicia. In the absence of resources, the capacity to undertake technical 
maintenance of the systems was impossible for the village committees. 

4. Conclusion 

The CBA results demonstrate that the Rotuma project was successful 
and economically viable. The entire system is currently in operation in 
its original form. However, the sustainability of the Koro and Cicia 
biofuel projects has significantly waned, and its success depends on 
incentivising the production and consumption of CNO and B20. Current 
production levels and use of CNO in Koro and Cicia are unfeasible, ac-
cording to our analysis. There are two fundamental issues – production 
cost and management of projects. Our analysis, however, shows that 
increasing the use of B20 may bear positive results. Therefore, the sys-
tems in Koro and Cicia require a radical change in the approach to 
revitalising the projects. A cooperative model with greater government 
involvement and systemic authority would be required. In our under-
standing, the involvement of existing institutions such as the church and 
traditional leadership would be mandatory, as in Rotuma. 

It is discernible from our analysis that there is no universal model 
that would work in all circumstances and settings. Isolated communities 
have specific needs and approaches to life functions, which must be 
understood before implementing projects that rely on community co- 
operations. Three important lessons are drawn from this study:  

1) Extensive consultation and understanding of the social dimensions 
are necessary. The provision of infrastructure to facilitate projects 
must be complete and functional. Projects must be supported by 
incentives for greater economic involvement of the communities.  

2) Project sustainability from maintenance to technical support needs 
continuous government backing.  

3) Projects need management skills and procedures established by the 
government through published manuals or training schemes, 
particularly in communities where governance structures and oper-
ational capacities are lacking. 
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