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Executive Summary

Small scale oil production in the village of Nacamaki, Koro Island, Republic of the
Fiji Islands can assist in achieving developing goals of this rural remote
community. By changing from the mere production of dried copra into value
adding activities such as the production of bio-fuel for an adapted generator,
cooking oil, body oil and soap, the village community increases its diversifies its
income base and therefore its economic resilience.

Changing the current diesel power supply to operate on copra oil is technically
possible, if a number of requirements are met. The oil needs to be produced of
sufficient quality with regard to moisture levels, solids and other contamination.
In addition, the load on the generator needs to be above a certain threshold.
Finally, to avoid solidification of the coconut oil during some of the colder months
in the year, the coconut oil used for fuel must be blended with diesel.

Experiences with small communities electrification using biofuel have been mixed.
Technically there seem to be few problems, however it needs to be assured that
the equipment used is similar to other generators in Fiji. There needs to be a
proper information exchange between the community and the implementers of
the project to ensure all parties understand their roles and responsibilities. If
other income opportunities arise in addition to cutting copra, it is usually
preferred, as it is a laborious process.

Copra is the main income earner for Nacamaki, next to farming and fishing.
Currently, Koro has an average annual production of about 86 tonnes of dry copra
that is sold at a net value of FJ$ 460 per tonne. Wet copra is produced by
individual farmers, sold communally through the village co-operative, dried,
bagged and stored for onwards shipping. 5% of the value of the green copra is
taken by the co-operative to go towards the village electrification system.

Through higher margins on product, it appears to be economically interesting for
the co-operative to engage in milling part of the copra into oil. The demand for oil
in the village, considering bio-fuel demand and other uses is estimated between
4.5 and 14 kl per year. Small-scale oil presses with a capacity of 20 litres per
hour are available on the market for this purpose. It is proposed to have a 30 kVA
biofuel-adapted generator installed in the village and to introduce electricity
metering, ensuring proper revenue collection for electricity generation.

At the low volumes of demand in Nacamaki, the costs of producing copra oil are
relatively high. Income from oil sales can cover the direct production costs with
some margin, but cannot cover the capital costs. Therefore, strategies need to be
developed to sell more oil to achieve economies of scale. With diesel costs at
F1$1.38 per litre, direct production costs of coconut oil fuel equivalent price would
be F1$1.12 per litre.

Compared to for example wind energy or solar energy, biofuels provide much
more cost-effective solutions in terms of investment cost per kWh. However, they
come at a significant expense of labour input and continuous commitment by the
community. If this commitment does not come with a return on time spent, it can
hardly be sustainable in a Pacific context, as other experiences have shown. The
case for Nacamaki looks promising as the community has indicated it has very
few other options.
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1. Introduction

The provision of affordable and reliable energy is a prerequisite to sustainable
development. The Government of Fiji commits itself to the provision of least cost
sustainable energy forms to alleviate the standard of living especially in remote
places on outer islands. The Pacific Islands Applied Geoscience Commission is
looking for a regional model to utilise abundant biomass resources such as
coconuts to generate sustainable electricity.

As part of a collaborative effort between the Fiji Department of Energy (FDoE)
and the Pacific Islands Applied Geoscience Commission (SOPAC), the island of
Koro was visited during 6-10 March 2007 with the objective to make an inventory
of the opportunities to use biofuel in rural electrification. The terms of reference
for the study is attached in Annex 1.

Possible links were identified with an on-going study between FDoE, SOPAC and
Transénergie on the application of hybrid systems in Kiribati and Fiji and it was
agreed that the visit would also be used as a preparatory study for the hybrid
system project.

In addition, it is envisaged the site visits and discussions would pave the way
forward for FDoE and SOPAC to identify opportunities to increase the added value
to copra produced by villages on Koro island through conversion to copra oil. The
results will not only lead to recommendations to FDoE and possibly other, more
agriculturally oriented part of the Government of Fiji, but also as an input to a
proposal to the EU-funded Technical Centre for Agricultural and Rural Co-
operation (CTA).

2.  Rural Electrification in Fiji

Rural Electrification in Fiji takes an important place in the overall strategy to
provide cost-effective basic services to Fiji's households living in remote areas.

The provision of electricity in rural areas enhances the opportunities for other
economic activities which in their turn improve the overall living standards for
rural dwellers. The Rural Electrification (RE) Policy administered by FDoE provides
an opportunity for rural households to select from a number of options. This
includes extension of the FEA grid, the supply from a government station, an
individual diesel scheme, micro hydro and Solar Home Systems.

FDoE spends around FJ$ 6 million annually on rural electrification. Large portions
of the allocated budget are used for the extensions of the FEA grid and Diesel
Schemes for village electrification. Hydro and Solar Home System projects only
shared minimal amount since they often get external funding from donor
agencies.

Currently, the rural electrification team at FDoE administer about 600 diesel
schemes around Fiji. Most are located in the outer islands and the interior of Viti
Levu and Vanua Levu. Under the RE diesel schemes, villagers have to contribute
1/10 of the total cost and the government, through FDoE will pay the balance.
Currently over 200 villages are still paying their 1/10 contribution. In a year, the
installation is about 60 FEA and 30 village Diesel schemes.
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All RE schemes are tendered out for electrical wiring, supply, installation of
generators and maintenance work. RE staffs at FDoE work involves assessment,
survey, estimation and monitoring of all diesel schemes.

Role of biofuel in rural electrification in Fiji.

At the moment, biofuel does not take a prominent role in Fiji's rural
electrification, even though the potential is quite significant. The current use of
biomass in rural electrification is limited to a generator in a village on Taveuni,
which is currently not operating on biofuel.

Biofuel can play an important role in strengthening Fiji’s energy security and
improve energy supply mix in rural areas. When Fiji fully develops its biofuel
potential there will be an abundance of fuel which will assist the government in
standardising our diesel equipment imports from overseas. This will enable Fiji to
save money and foreign exchange from diesel fuel imports.

As biofuel can be used for diesel generators, Fiji's rural areas will benefit from
utilising biofuel blends. Since it blend locally, the supply time and costs will be
affordable for villagers. In addition, rural people producing copra for coconut oil
will get good money for selling the commodity.

It was also proven in Welagi and Lomaloma village that biofuel (coconut oil) can
be used to generate electricity for the village, if it is well managed. For islands
with abundance of coconuts, biofuel can be the option to provide electricity for
villagers. Copra is processed locally, coconut oil is extracted, filtered before
feeding the generator.
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3. Biofuel based Rural Electrification

The use of biofuel for rural electrification in the Pacific was first applied in the late
1990s in New Caledonia and later two villages in Fiji. It builds on the existing
resource of coconut plantations that were inherited from colonial times. With
coconut oil losing its value in real terms on world markets, the production of
copra became less attractive. Nevertheless, most island nations retained their
reliance on their ‘tree of life’ either through subsidising the copra oil sector or
leaving it as an ‘income of last resort’ for the outer islands.

3.1 Background on Biofuels as replacement of Diesel

The use of biofuels is nearly as old as the diesel engine itself, as Mr. Diesel
designed his original engine running on peanut oil. During periods in history when
regular diesel supply was hampered seriously such as WW-II, throughout the
world vegetable alternatives from different sources and in different forms have
been used.

Diesel Adapt Engine:
\ Dual fuel system
Comprégssi
- Adapt Engine: Adapt on b
Coconut Oil g ;“nz' Fnl;:cgérf:.el tank, filters, Enging tor
P—— Bio Diesel

Figure 1: Biofuel Options for Compression Engines (Source: SOPAC)

In the Pacific, only recently has there been renewed interest in the use of coconut
oil as a biofuel. The need to substitute for diesel imports, safeguard the local
agricultural industry and reduce the impact of diesel exhaust on the environment,
has led to a range of initiatives using coconut oil as a biofuel in the past 10 years
(1, 2].

In this chapter, an overview will be presented of worldwide research and
experience using vegetable oils, including coconut oil. There are a number of
alternatives to diesel fuel as depicted in figure 5, which will be briefly described
below. Coconut oil has about 20-30 times higher viscosity than diesel, which
gives preference to high temperature fuel (70 - 80 oC) by means of a fuel heater
and higher injector pressure. Coconut oil also has a slightly lower energy content,
so that 1.08 litre of coconut oil is equivalent to 1 litre of diesel.

3.2 Coconut Oil in Standard Engines

Many studies involving the use of un-modified vegetable oils (including coprazi oil)
were conducted in the early 1980s. Short term engine testing indicates that

! Copra Oil is coconut oil produced in the traditional manner of husking, shelling coconuts, drying on a smoky fire or
in the sun and finally pressing the oil out by means of an expeller. The bulk of coconut oil is still produced in this
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vegetable oils can readily be used as a fuel or in a range of blends with diesel
fuel. Long-term engine research however shows that engine durability is
questionable when fuel blends contain more than 20% vegetable oilz.

The lower iodine value of coconut oil compared to other vegetable oils works
favourably for its lower carbon deposits, however not many successful long-term
experiences have been found. Especially deposits on the pistons, valves,
combustion chambers and injectors can cause severe loss of output power,
engine lubricant deterioration or even catastrophic failure to engines.

Under specific circumstances, unmodified engines have been running on 100%
copra oil. Key variables for successful operation on raw copra oil include:

1) Stable and controlled copra drying / milling process;

2) Removal of water, Free Fatty Acids (FFA) and solids;

3) Filtration up to 1 micron;

4) Pre-heating of copra oil up to 70 oC;

5) Blending with regular diesel or kerosene for better viscosity;
6) Application of engine in upper load curve (>70%);

7) Use in Direct Injection (DI) system.

When running a Direct Injection on low loads, many experiments have shown that
unburnt coconut oil finally coked injectors tips and pistons rings. It is therefore
not recommended to use coconut oil blends in direct injection engines. Only if the
engine is properly supervised and it can be guaranteed to run above 70% load,
such engines can run on coconut oil blends. Risks of technical failure with this
option are dependent on the engine design. For remote rural electrification
applications, a Direct Injection engine at low loads should therefore be operated
on diesel.

Finally, experience around the Pacific suggests that running engines on coconut
oil slightly increases maintenance cost. Fuel filters have to be replaced more
often, lubrication oil sometimes has to be changed more frequently. An overhaul
might be carried out earlier than normally would be the case. The set of
experience is not sufficient to make any statements, but as a safety margin, an
increase of 20% maintenance cost is suggested for this purpose [3].

3.3  Pure Coconut Oil in Adapted Engines

A number of successfully adapted diesel engines have run on both mixtures of
vegetable oil and diesel as well as 100% vegetable oil. There are mainly two
types of adaptations to an engine: firstly to add an extra fuel supply system to
the existing diesel supply and secondly to adapt the fuel supply system and
injectors.

As coconut oil has up to 30 times higher viscosity than regular diesel at room
temperature, most engine modifications include a fuel heater. This device heats
the fuel up to 70-80 oC before injection, using the engine coolant to cross-flow
with the fuel in a heat exchanger. By heating up the coconut oil, the resulting oil
viscosity will approximate the viscosity of diesel.

way, however in the last 10 years other ways to produce oil have been explored, including Direct Micro Expelling
(DME) in which the copra is grated, dried and expelled batch-wise in a metal cylinder. This process, even though
more labour-intensive, produces higher quality oil with less Free Fatty Acids.

2See also “Copra Oil as a biofuel in Pacific Islands — Challenges and Opportunities” (SOPAC, 2004)
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An engine with a dual fuel
system starts and stops on regular
diesel. As soon as the engine is at
rated operating temperature, the
fuel supply is switched to vegetable
oil and just before shutting down,
the supply is switched back to
diesel to ensure that the fuel
system has diesel ready for a cold
start and to avoid residues in the
fuel system.

In some areas there is also an
electrical heater incorporated in N
the fuel tank, to ensure that the J 2 £

Figure 2: Dual fuel system with extra fuel pump, storagefuel remains liquid, even at
and filter in Welagi, Fiji (Source: SOPAC)

ambient temperatures below 25 oC.

A technical challenge is to ensure

that the return line of the

alternative fuel does not cause contamination of the regular diesel. This can be
done through using a third “day”-tank that assembles the excess mixture fuel
during switching, or to short-circuit the return line and using an extra pump
during operation on vegetable oil.

A good example of a dual fuel system is the village electrification system in
Welagi, Taveuni, Fiji Islands (Figure 2), that uses a dual-fuel system for both
diesel and copra oil fed into a 45 kVA diesel generator. Technically this system
has proven to operate with little problems.

Because the generator has often only been used for a small portion of its design
load (as low as 17%), excessive carbon deposits have been found on the exhaust
gaskets of the generator. This can cause engine failure in the long term. It can
only be solved by connecting a useful extra load such as water pumping or street
lighting, when the generator is running at low load. In the case of future village
electrification efforts, this effect can also occur. Therefore, during the planning
stage, the load needs to be calculated carefully so that the generator will not be
oversized.

Engines with adapted fuel systems can run on pure coconut oil and use no
fossil fuels. Mostly, they feature adapted fuel injectors, special pumps and extra
filters. Especially if the coconut oil is manufactured on a small scale locally, the
quality is not always stable. Therefore, regular quality control and a number of
filtering stages are essential to a long service of this type of system.

Often an electrical operated fuel heating system is incorporated for ambient
temperatures below 250C. This temperature can occur in Koro, especially during
the cooler season from May-November. An example of such a system is the pilot
plant in Ouvéa, New Caledonia implemented by the South Pacific Community
(SPC) and the French International Agricultural Co-operation Research Institute
CIRAD in the 1990’s
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3.4 Biodiesel in standard engines

Biodiesel is a standardised fuel that consists of vegetable oil methyl ester (VOME)
3. Biodiesel is a product of vegetable oil, an alcohol and a catalyst such as sodium
hydroxide. This process generates two products: glycerine, which can be used in
soap production, and biodiesel.

There are fully developed standards of biodiesel, ASTM-D 6751 in the United
States and EN14214 in the European Union. The Philippine standard has special
emphasis on coconut oil as a feedstock and might therefore be most appropriate
in the Fiji Islands. If these standards are followed, the validity of all manufacturer
guarantees remain valid if used up to 5%, depending on the manufacturer.
Individual manufacturers have declared certain models can be run with remaining
guarantees up to 30% and some even 100%a4.

Positive impacts on engines include increased lubricity and a reduction of visible
particles in the exhaust. Some engines require replacement of rubber hoses and
0O-rings, due to the vulnerability of PVC (polyvinyl chloride) based material with
biodiesel.

When using pure biodiesel, some manufacturers have modified their engines
(piston top ring) to achieve greater efficiency. In some cases, fuel-feeding lines
have to be changed. In small engines, some problems with small rotary pumps
have been found. Therefore, even though biodiesel is a standardised fuel, for
higher blends, engine manufacturers will have to be contacted for checking
potential operational issues.

The biggest advantage of converting coconut oil to biodiesel is that many
problems related to the different physical and combustion properties of vegetable
oil are solved. Biodiesel almost burns the same as diesel and has similar viscosity.
Also, the solidification point of biodiesel is much lower than vegetable oil, making
it easier to operate in cooler climates.

The major disadvantage of biodiesel is that it requires dangerous chemicals like
methanol and potassium hydroxide that are not available in an island
environment. The requirement of these chemicals and the equipment for the
conversion process (biodiesel processor) also adds significantly to the cost. If the
biodiesel is produced from waste vegetable oil or beef tallow (like in many larger
countries) in larger volumes, the cost of feedstock is much lower than coconut oil.
This makes biodiesel from coconut oil an expensive and complicated solution.

3.5 Economics of Coconut Oil as a fuel

Even though fuel prices have been very volatile in the past years, the price of
coconut oil has not been stable either. Figure 3 indicates the price development
(at constant US$) for diesel delivered at an average Pacific port (excluding taxes)
and the local value of coconut oil before it is exported to the world market.

3 If the basis for biodiesel has been coconut oil, often the abbreviation COME, Coconut Oil Methyl
Ester, is used. With waste vegetable oil as the basis for biodiesel, Fatty Acid Methyl Ester (FAME) is
used.

4Source: EMA Engine Manufacturers Association “Technical statement on the use of biodiesel fuel in
compression ignition engines” (2003)
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Figure 3: Average coconut oil and diesel prices in the Pacific 1960 - 2006 (Source: UNCTAD database,PIFS
Fuel Monitor, Federal Bank of St. Louis PPIACO commodity price index)

Only since recently have the prices of these commodities worked in favour of
coconut oil. In Fiji, the situation is similar. Since diesel fuel that is retailed with
the addition of taxes and duties, an opportunity for diesel/coconut oil blends has
emerged. This niche market is currently squeezed through the high world market
price of coconut oil of over US$ 700 per tonne or FJ$ 1.08 per litre. Table 1 gives
an overview of price levels of fuels for compression ignition (diesel) engines.

Table 1: Selected diesel prices in Fiji, March 2006 (Source: Survey)
Fuel productPrice [F1$/litre]
Diesel Cost suva (Retai) .39
Presetcostioro (Rcta”)lj's

—Diesel-cost-Nacarmaki-RewerGeneration
Hor

1.38

Retail Coconut Oil Savusavus 1.20
Savusavu Retall Diesel Equivalent pricee 1.30
—Vatue Coconut Ot FOB-Savusavur 0.8%4

AAL Lal Lo H 1 'y H
VVOUTTUTTTAT RCT T OTVaTCTTCU PTTCTT

0.90

Nacamaki Price difference Diesel-Copra oil 0.48

As the table shows, prices for diesel and coconut oil are very close, with a small
economic advantage for coconut oil that can change with the price changes of
world coconut oil market prices, or the world fossil oil market prices.

There is currently very limited production of coconut oil on the outer islands, only
at the Copra Millers Fiji plant (CMFL) in Savusavu. During this study, it will be
investigated whether it makes economic sense to produce coconut oil in a small
village with the aim of local value adding.

® This is the price at which CMFL retails coconut oil in March 2007

6Based on the 8% lower energy content of coconut oil as compared to a litre of diesel fuel

7Based on US$700 per tonne world market price and US$ 130 cost-to-market, 1092 litres per tonne
and FJ$ 1.60 per US$.
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3.6  Outer island coconut oil production

In biofuel projects, village communities typically are equipped with small-scale oil
expellers with a capacity of 50 litres per hour and a filtration unit that takes the
impurities and water out of the oil. The oil is then stored in containers for use as
fuel. Generators are typically of the indirect injection type, with altered injectors,

special fuel filters and fuel pumps.

Often, the engine can run on both diesel and the locally produced biofuel, by
means of a switched fuel supply line. During engine start-up, when the ambient
temperature is below 25 oC or during periods of low load, the generator is

operated on diesel fuel.

Producing coconut oil on a remote island is an
essential component of the viability study. Without
local oil production facilities it will not be possible to
generate electricity using coconut oil. This section
discusses the costs and sustainability of operating a
coconut oil expeller mini mill on Koro Island.

There are two types of oil expellers suitable for
producing coconut oil. The first way is based on the
copra process, the second is based on Direct Micro
Expelled oil.

3.6.1 Copra Oil from Mini-mill

After the endosperm of the coconut tree ripens, dries
and falls from the tree, nuts are collected and cut in
halves. They are then left to dry in the sun for a
period of 2-3 days. During rainy days, the copra is
dried in wood-fired dryers. The white flesh from the
nut has now only a water content of less than 5%.
This is called dry copra and is currently shipped off
the islands in 50 kg bags.

For processing into oil, chunks of copra are first
processed in a Copra Cutter (See Figure 4). The
grater contains rotating knives that create little
chunks of copra from nut halves.

The cut copra then gets cooked (using steam) and is
expelled using force in a screw press (Figure 5). The
expeller produces copra cake which is a very good
fertilizer and feedstock for animals. It also produces
55-60% oil from a unit of grated copra, depending
on the pressure set by the screw press and the
temperature of the grated copra.

Copra

Copra Cutter

Grated Copra

Figure 4: Copra Cutter  (Source:
Tinytech.com)

After it is pressed, the oil contains a large amount of solids that need to be
removed from the oil. First, the oil is kept in a range of settling tanks for a
number of days, after which the oil is put through a filter press as depicted in
Figure 5. QOil that is produced in this way contains up to 5% FFA’s, up to 2%

water and solids of up to 10 micron.
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EXPELLER WITH COOKING KETTLE

Cooking
Kettla

Device

thickness

Foundation
Frame

I il :

Figure 5: Expeller and filter press (Source: Tinytech.com)

FILTER PRESS

The copra mini mill is powered by a 5 kVA electric motor or a “listeroid” diesel
engine and is capable of producing on average 30-40 litres of oil per hour. The
generator operates on coconut oil produced by the mill.

With the amount of oil required to operate a generator for electrification, the mini
mill should be running once every two weeks for half a day.

Operating a mini mill requires technical knowledge and a professional setup,
including trained technicians able to undertake repair and maintenance. The
labour of operating the mill would be two persons a day.

Expected investment costs of establishing a mini mill and small generator on an
outer island is estimated at around FJ$48,000 (Table 2). For a year’s production,
52 person-days are required.

Table 2: Cost Copra Oil Mini-mill facility (Source: Survey)
Cost componentCost (FJ$)
Construction and building of sheds1/,000
I“"Iilli Illi“ aralcr, EAPC:;CI 7 FiiLCI LS,GGU
—HranRsportation—thstalations 008
L Totald8,.000
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3.6.2 Coconut Oil from DME plant

An alternative method to produce oil is the
Direct Micro Expeller (DME). Coconuts are
collected and split in halves. The white
flesh (wet copra) is removed with a
mechanical grater, which takes fine strips
of wet copra out of the shell.

The wet grated coconut flesh then gets
dried on top of a hot plate until the
temperature and moisture content are
optimal for pressing (Figure 6). Under the
hot plate, a fire is fed by wood, coconut
husks and shells.

After the optimum state of the grated
coconut has been reached, a stainless
steel cylinder is filled with the grated
coconut and put under a hand-operated
press.

Figure 6 shows the oil that is produced
from the DME press. It is referred to as
cold pressed coconut oil, also known as
virgin coconut oil. This high value coconut
oil is much cleaner then copra coconut oil
and is mainly used for body lotions and
cooking.

Operating a DME is less complex then a
mini mill. The DME plant is operated
mechanically and only uses electricity for
grating the nuts. Producing oil with a DME
is very labour intensive and a team of four
people could produce between 20-30 litres
per day.

The DME process requires significantly
more labour and hygiene than the Copra
mini-mill.

With the amount of oil required to operate
a generator, the DME should be running
once a week for a full day.

The cost of a DME machine is around

Figure 6: DME press with oil produced (Source:

F1$32,000 (Table 3). For a year’s SOPAC)
production, 208 person-day is required.

Table 3: Cost Copra Oil Mini-mill facility (Source: Survey)
Cost componentCost (FJ$)
Construction and building of sheds1/,000

2 TroOTrOTOTUT

- Total322, 000
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An added advantage to setting up a DME plant is the option for the community to
produce excess oil to the preferential markets in the US and Europe. High Quality
DME oil has been sold recently for up to FJ$ 8 per litre as part of export for
specialist, organic applications.

Both the Mini Mill and the DME could be used to produce coconut oil on an outer
island. The mini mill is more efficient and less labour-intensive but requires more
trained staff. DME oil only receives its premium price if the workers are
committed to high standards of hygiene and are prepared to spend long hours in
hot conditions, whereas copra is an established and traditional process that fits in
the island style of life.

For the purpose of this research the preferred technology for fuel oil
production is a copra mini mill.

Village based shops often run a small petrol / diesel generator to supply a freezer
/ cooler for consumer products. The co-operative store appears to be in an
excellent position to make copra oil as they often already are the buyer of copra
in the community, returning credit for purchases in the shop. Using copra oil as a
fuel in the shop generator, the co-operative store can immediately decrease the
shop operational cost by replacing fossil fuel by copra oil.

Once set up, the co-operative store can sell electricity and/or use oil for various
products (soap, body oil, lotion, and cooking oil) to customers. Through the
experience of the co-operative store with handling cash and running a business,
there is a high chance of the operation succeeding as compared to the running of
the village oil electrification operation by a rural council.

3.7 Technical Risks

A general risk of coconut oil use is bacterial contamination, bad filtration and
contamination with water. These factors cause the quality of the fuel not fit for
a compression ignition engine. With the proper fuel handling guidelines, these
risks can be significantly reduced.

When using coconut oil blends in compression ignition engines, the load needs
to be kept above a threshold, to avoid carbon build-up in the compression
chamber and its components. This risk can be mitigated by following an active
dispatch strategy for engines running on a coconut fuel blend. Regular lube-oil
analysis, looking into fuel contamination (unburnt coconut oil) will indicate the
minimum loading of the engine.

If the engine is used in a stand-alone small grid application, it might have to be
fitted with a device that switches the fuel supply back to diesel when the load is
not sufficient to make it safe to operate on coconut oil.

A situation might arise that there is a lack of copra to produce coconut oil.
However, in all fuel options, it will still be possible to use pure diesel regardless of
the adaptations, although with the ‘pure coconut oil only’ option, it will run less
efficiently. Therefore, the risk for a shortage in coconut oil is mitigated by the
replacement with regular diesel.

3.8 Socio-Economic Issues with Biofuel Electrification

Although village biofuel systems have been applied with various degrees of
success in other Pacific island countries, there is not a lot of experience with this
technology in Fiji. Only in Welagi, Taveuni such a system exists and at the
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moment it is only operated on diesel through a combination of a technical
problem and the ceasing of copra production in the village.

There are no technicians with experience in adapting and/or servicing biofuel
systems as the equipment in Taveuni was imported. FEA has operated some
machines on vegetable oil, however these are heavy-fuel machines with specific
operational characteristics and have the size a few hundred times larger than a
village-based generator. The lack of experience will require technology transfer,
training and long term monitoring of the adapted engines.

Village biofuel systems require a high degree of organisation. If the benefits of
the electricity are to come to a majority of the households, an electricity grid will
have to be built, according to DoE safety standards and regulations. In addition,
people will have to pay according to their usage, either with a regular or a pre-
payment kWh meter.

Even though in some biofuel projects, varying qualities of oil have been used, it is
imperative that the quality of the oil being fed in the generator is in line with
certain quality standards. This requires cleanliness on the part of the operator,
but also requires people who operate the expeller to pay attention to their
activities. If the oil contains too many deposits or moisture, additional engine
maintenance might be required. In extreme cases, catastrophic engine failure
might result. Therefore, it is necessary that operators and technicians receive
proper training and understand the sensitivities of fuel oil quality.

Adding components to an existing system increases complexity and this often
results in higher chances of technical failure. As with biofuel systems, an existing
technology (compression ignition with generator) gets altered to operate on
biofuel by means of fuel system adaptations. To minimize the chances of failure,
the adaptations to the generator should be as simple as possible, using local
materials if available and be based on generator systems that are already in use
by the Department of Energy. This will enhance the chances of spare part
availability and local mechanic’s understanding in case of problems.

In most previous coconut oil biofuel projects, the supply of sufficient copra to
make the oil has become a problem at some point during implementation.
Sometimes this was only during a brief period (cyclone, other economic activities
of the community), sometimes more permanent, resulting in either non-operation
or operation on diesel fuel. Even though a village biofuel system has the flexibility
to operate on diesel fuel, it of course defeats the purpose of the project and the
cost of the adaptation to the fuel system.

3.9 Conclusion

Coconut oil based village biofuel systems are an effective way to provide
medium-power electricity needs to a nucleus community, provided
sufficient supply of copra is available and the community has a high
degree of organisation.

There are a number of different biofuel options to replace diesel fuel in

gen-sets in Fiji. At first sight, there also appears to be a small economic
case for local production of coconut oil to be used as a fuel. This will be
investigated further in the coming chapter.
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4.  Coconut Oil Value Adding in Nacamaki, Koro

Before we expand on the field findings in Nacamaki, the experiences in Welagi on
biofuel rural electrification are discussed, as well as the state of the copra sector.

4.1 Experiences with Biofuel Rural Electrification in Welagi

During the year 2000, a biofuel generator was installed in the village of Welagi,
Taveuni. This village was visited as an observation and fact finding trip on how
the biofuel project in the village was not successful. Information gathered should
assist us in our assessment and recommendations for the proposed biofuel
project in Nacamaki village at Koro Island.

Earlier, the project was evaluated by SOPAC on the technical achievements and
Partners in Community Development Fiji (PCDF) carried out a review of the socio-
economic setting of the project. They also made some recommendations for the
biofuel project to be operational again. The main recommendations from PCDF
include:

* To improve communication with the community while slowly consider
ownership transfer after a trial period;

. Carefully assess the communities’ financial situation, leadership qualities,

resources to enable sustainable operation;

Ensure the technical design fits the requirements of the community;

. Have Provincial Councils, Fiji Electricity Authority (FEA) involved;

. Consider the impact of the complete coconut operation (starting from
collecting nuts through to milling and filtering).

The main recommendations from the SOPAC evaluation were:

* Any feasibility study to determine the viability of a biofuel project has to
consider an integrated approach whereby all aspects are taken into
consideration. An energy analysis of a community without taking into
consideration the social, economical, environmental and any associated
risks to the operation of the project is an incomplete approach. Rural
electrification such as diesel/biofuel gen-sets for instance, has to consider
the fuel supply risks. This risk has to be allocated to a party participating
in the project;

The participation of all key stakeholders from the development phase to
implementation, monitoring and evaluation is an important feature of any
project. For rural energy projects DoE has to work and collaborate with
other relevant Ministries such as the Ministry of Agriculture and Ministry of
Regional Development;

Tariff has to be structured to include true costs to enable sustainability of
the respective projects;

Fiji Department of Energy continue its work in the provision of electricity
by means of locally-produced biofuel through the application of a RESCO
(Rural Energy Service Company) which is run as a commercial enterprise.
The evaluation exercise indicates that it might be feasible to set up a
biofuel-based RESCO similar to that established for PV systems;

In the village, interviews were held with Mr. Manasa Rakuro (village
representative) and Mr. Elia Mudu (engine operator) on what really happened to
the biofuel project. They said there were a number of problems that affected the
project. First, the quality of copra was not good (lots of moisture), when this goes
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into the oil extractor, it stuck and the repairing work takes time. Secondly, the
feeder hole to the oil extractor is too small and its time consuming manually
slotting the extractor with pre processed copra. The third problem is the cyclone
Emi that struck Taveuni and copra production at the village decreased. At the
same time, the dalo (taro) price was very good in Taveuni so people completely
stopped harvesting copra and spent more time at their dalo farms.

The money received from dalo farming the village bought coconut oil from Tartes
Estate very close to Vuna village at the southern tip of Taveuni. Mr. Tart also
produces coconut oil which is sold in Viti Levu and abroad. Welagi village was still
using coconut oil until the dual automatic switch (Diesel to Coconut oil & vice
versa) failed. When the automatic switch stopped operating the generator
operator used diesel as fuel.

Biofuel Generator

The generator at Welagi has a dual fuel system (Coconut Qil & Diesel) and a
capacity of 45KVA. The engine starts with diesel for 10 seconds and switches to
coconut oil. It switches back to diesel when it is about to be turned off. From 4 x
50 kg copra bags, they claim to extract over 50 litres of coconut oil. There are
about 57 household in Welagi village.

At the moment, Mr. Elia Mudu has been experiencing difficulties regarding the
collection of money for diesel. Weekly, he goes out to collect $7 from the 57
households in the village. The generator runs from 6 - 10 pm and it consumers
more than 25 litres of diesel per night. Sometime not enough money is collected,
so the generator has to be switched off. The generator in Welagi can consume up
to 1 drum (44 gallons) of diesel within a week which cost over $300.

Women Participation

Speaking with Mr. Manasa Rakuro, he said during the initial discussion regarding
the project, they were told that women would participate in the project. They
would make soap, body lotion and cooking oil. He said this did not eventuate.

Future

During the recent village meeting at Welagi, it was decided that they should start
harvesting copra for coconut oil. Since, the price of diesel keeps on increasing
and its effect on the environment, they want the village generator to run on
coconut oil again. Based on the experiences encountered in the recent years, it is
economical and beneficial to extract coconut oil as fuel for the generator.

4.2  State and future of Copra Sector in Fiji

In order to better understand the copra sector in Fiji, DoE also visited a humber
of copra processing parties on Vanua Levu and Taveunis.

Mr. Ashok, CMFL Mill manager, was interviewed about their operation. The mill
opened in 1985 and has the capacity to process 24,000 tonnes/year. At the
moment, their output is only about 7-8,000 tonnes copra per year because of
lack of copra supply to the mill. It is nevertheless the largest copra mill in the
country, with only Punja’s mill in Lautoka producing coconut oil on a large scale.

8 Amongst others, a site visit was undertaken to Mr. Daryl Tarte’s estate and has been an eye opener
for renewable energy concepts. He is very efficient in using biomass for his boiler, which generate
electricity 24 hours and the same heat is used to dry copra and coconut husks. Mr. Tarte uses a
different generator to crush and extract coconut oil from copra. The virgin coconut oil (no chemical
added) produced is mostly exported to Australia.
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The crude coconut oil produced in Savusavu is sold to European countries. The
cargo ship usually arrived after 4 — 5 months and it’s a very expensive for Fiji
coconut oil to reach its destination. Shipping companies are charging US$
130/tonne for Europe and US$45/tonne to reach Australia. On top of that, the oil
needs to be ‘financed’ during the journey, i.e. the real payment only comes when
the oil finally is delivered.

Currently there are about 10 agents who are supplying copra to the mill. In
addition to these, individual farmers also supply copra directly. CMFL supply areas
are around Vanua Levu, Taveuni, Lomaiviti, Cikobia, Kadavu and Lau Group. Most
copra received comes from agents.

Fiji Copra Prices

Gradings are done at the mill using hydroprobe equipment, which check the
moisture contents of the copra. For low moisture content Fiji 1 (reading 4-7)
CMOF buys for FJ and for Fiji 2 (reading 7-8) CMFL buys for FJ] per tonne.

Table 4: Copra Prices in Fiji in FJ$ per tonne in March 2007 (Source: Survey)

Copra Source:Fiji 1 (premium)Fiji 2

CMFL Gate price$524.66%4/2.21

e ik

froml-au—lomaiviti—Kadavii—and-Cikobia—<4£570l6Q¢E209 DO
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For agents buying copra from Lau/Lomaiviti/Kadavu and Cikobia they received an
additional F1$55 premium per tonne. For those buying copra around Vanua Levu
and Taveuni, they received F]J$30 premium per tonne. These premiums are added
to the CMFL gate price, Fiji 1 ($524.68) and Fiji 2 ($472.21) respectively (See
Table 4).

The CMFL is also facing some constraints in its production. The transport costs for
export is a major constraint. Secondly, the consistency of the copra supplies to
reach the mill. Third the quality of copra usually decreases in wet weather, some
bags contain mixed grading (Fiji 1 and Fiji 2). It is very difficult to buy on the
correct grading.

The mill has started an awareness programme for the production of good copra.
In addition, the biofuel production is another programme that should fully utilised
the mill capacity and also generate needed revenue for the company. Lastly, the
improvement in the copra production routine work, should enhance the quality
and quantity of the overall copra industry.
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4.3 Nacamaki Village

There are a number of villages on Koro island, with the commercial and service
centre based around Nasau Government station, a secondary school, post office
and government houses. Based on the existing relationship between the
Department of Energy and the Nacamaki village elders, Nacamaki Village, a few
kilometres north of Nasau, was selected as the focus of the biofuel survey. There
are on-going wind measurements by the Department of Energy in Nacamaki and
this could provide input for the consideration of a hybrid energy system in the
later stage. Nacamaki greatly relies on copra proceedings and has very few
alternative income opportunities.

Located on the North-East tip of Koro island. The population is about 400 people
consisting of 74 households. The
villagehastwochurches,
MethodistandCatholic
(majority).

Nacamala Village

Nacamakivillageiswell
structuredintermsof

participation in community work.
There is a village chief who looks
after at the overall running of the
village affairs. Under him are
three committees a) village
committee;b)women
committee;andc)the

cooperative committee.

The village committee looks at all
operation at village level, which
includes cleaning of the village,
managing the village diesel
generator, collection of wet
copra, collecting firewood for the
Copra Drier,organise the
functions at the village and
represent the village at the
tikinas meetings.

Figure 7: Koro Island contour and roads (Source: SOPAC)
The women committee looks at
the other economic activities
for women in the village. They also assist the village committee during village
functions where they help in fundraising, weaving, scraping coconuts, fishing,
cooking, preparation and serving of meals. The women committee also coordinate
training for women in the village which training covers basic business skills,
handicraft, printing, time management and participation skills.

The cooperative committee is the business arm of the village. They look after the
running of the village cooperative shop and also the village Copra Drier. The
committee are paying two villagers to dry the copra before it is sold to a Consort
Shipping agent from a neighbouring village.

° District, sub-unit of province
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Copra has been a main source of income for Nacamaki village, since it was
introduced on Koro island. Villagers were able to build houses, church, contribute
to school fees, and gain economic and social benefits from copra income. They
have tried dalo, yagona and yam as source of income, but transportation costs to
reach Suva has been a problem, reducing the benefits to the villagers. Despite
the problems the copra sector has been facing in Fiji as a whole, copra is still the
best option for the village. Currently, Namacaki village is the top producer of
copra in terms of tonnage in the whole eastern division.

4.4  Copra Production in Nacamaki

Koro Island contains about 2,000 hectares of coconut plantation (Department of
Agriculture, 2006) At Nacamaki the copra production is seasonal between
February to October and off season in November to January. When it’s off season,
villagers plant dalo (taro) and yaqona (kava) as an alternative source of income.
During this May-July, there is sometimes an overproduction of copra (i.e. more
than storage can contain) and people then supply directly to the Consort Shipping
agent. During November - February there is some copra collection but the yields
are significantly lower (See Figure 8)

16 iNacamaki Co-operative Copra Production 2006 |
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Figure 8: Copra Production Nacamaki in 2006 per month (Source: Nacamaki Co-op)

Villagers have to collect wet copra every Friday and village cooperative buys for
20 cents per kilogram. The cooperative will deduct 1 cent for electricity and 19
cents given to villagers as cash. The cash will just stay at the cooperative but
villagers are given groceries at the same value. With 150 coconut nuts, a villager
can produce 40 - 60 kg of wet coconut. A man can fill 2-3 bags of wet coconut
per day.

Table 5: (‘npra Production-inNacamaki2004-2006 (Cnllrr‘n- Qllr\/n\]/)

_YearProduction [tonnes dry copra]Variation to 2006
200493.91-1%

200570.14-26%
200694.58
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Villagers usually do their
firewood collection for the &
copra drier every Monday Fe
(community day), which
is also called cooperative
day.Sometimesthe
cooperativecommittee
alsohiredtrucksto
transport firewood from
the farm to the village
drier. In good weather
copra can dried for 2-3
days.Whenitswet
season, drying copra is
very difficult because of
wet firewood and also
less wet copra reaching
the drier.

Nacamaki does not have
Figure 9: Nacamaki copra dryer area (Source: Survey)

enough shelter to pre-dry

the wet copra before

going into the drier, especially in wet season. Most bags stand in the rain and this
affects the drying process and also the quality of copra. The committee are
currently building another drier, which they said should solve the issue. The drier
that the village currently using is too high for proper heating and drying. This
results in mouldy and greasy copra substance in the dryer.

In 2006 Nacamaki village cooperative collected $28,000 (gross) from the
middleman buying copra. From that money, the net income was $14,000. The
committee distributed the money to education, emergencies in the village and
other important events of which the village will benefit economically. There are
discussions going on in the village for the sharing of dividends at the end of 2007.

Nacamaki cooperative used to sell copra to an estate owner Mr. Murgan, who is
also a producer and buyer of copra in Koro Island. Mr. Murgan then purchased
groceriesandhousing
items for the village from
Savusavu.After
sometimes,the
cooperativecommittee
changedtoConsort
Shipping since costs of
groceriesandhousing
items were cheaper to get
it from Suva.

Thefutureofthe
plantation is not secured
asaccordingtothe
villagers, there has been
nore-plantingthis
generation.

Figure 10: Construction of the foundation of the second copra dryer
(Source: Survey)
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Copra quality

During the visit, it appeared that only one pre-dryer/dryer was operating. This
lead to oversupply in one dryer, where too much copra was entered and hence
the quality of the copra deteriorated. It showed traces of slimy substances and
wormes, a sign that the copra was not drying fast enough. This problem must be
addressed and avoided before copra oil production takes off in Nacamaki.

Copra Pricing

As depicted in Table 4, the price that the copra mill CMFL pays for copra from
Koro is $579 for grade I and $522 for grade II. Considering the quality observed,
it assumed that copra from Koro fetches $522 per tonne. The Koro co-op receives
$460 from Mr. Murgan for each tonne.

4.5 From copra exports to local oil value adding

Table 5 depicts the prices per tonne for the supply chain of copra as observed in
Nacamaki.

Table 6: Copra Supply Chain pricing (Source: Survey)

ProductFJ$ per tonne dry Activity Required
copra

Coconuts247

Rak 1 =N idico . C Falt = H
e TOT T O O DOt T T O CYPpPTro- cocei gy

10Green {"nprn?ﬁd

11Margin Co-®p96 Labour, Storage

Dry Copra Nacamaki460

Margin “Middleman”62 St¢rage, Transport, Financing

12Dry Copra at CMFL522

Zo Mg, Storage, Tiangingis
e

FOR- it
TUD 1

] L4
T JrisJ=7

According to reports from villagers, 1 tonne of wet copra requires between 2700
and 2800 nuts, or 5,000 per dry tonne of copra. This translates into a value of
7.3 cents as a reward for the copra per nut. In other parts of Viti Levu, nuts are
bought for 5 cents a piece, so that the return on labour for collecting, cutting and
is 2.3 cents per nut. Reportedly, it costs a villager a day to collect and cut three
bags of copra, which translates to FJ$ 3.75 per hour including a reward for the
nut itself.

10 Each tonne of dry copra requires 1.82 tonnes of wet copra for which the co-op pays $200 per tonne.
of this $200 that is paid for wet copra, $10 goes to Electricity fund and the farmer receives $190.
1itbased on the records of Nacamaki co-op, 1kg of wet copra obtains 0.55 kg of dry copra; i.e. 0.45
litre is evaporated per kg of wet copra.

12Assuming a 60% conversion of copra to copra oil in the large-scale mill

13CMFL receives support from a stabilisation fund.

14Assuming US$700 per tonne coconut oil price, US$130 cost-to-market, 1.6 F1$/US$ exchange rate.
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Table 7: Biofuel Supply Chain

pricing (Source:

Survey)

ProductFJ$ per tonne

copra

dry Activity Required

Coconuts247

Rak. Lalk
RCTOTTT OTT O DOUTT

Croon ConraidcEd 116 | Copra Cutting, Collecting
Marairla Co-op Drving
Dry copra460 96 | Labour, Storage Drying, Milling
1sMargin Co-pp Milling
Fuel Opportunity Costi7//0 310 | Milling, Filtering, Storage

When the supply chain is changed by the co-op expanding into biofuel production,
the supply chain will change as in Table 6. It is assumed in this table that copra

oil replaces diesel fuel at a val

ue of F1$ 1.38 per litre.

This increases the value of the copra commodity from FJ$ 96 per tonne of dry
copra to F1$406 per tonne of dry copra. In addition to the greater value of
coconut oil, the co-op would have 450 kg of copra meal per tonne of dry copra
available as pig feed. This could have either value to be used locally in piggeries
or by selling it to neighbouring villages.

There is limited demand for copra oil in Nacamaki. Table 8 gives an overview of
potential uses for copra oil, with low and high estimates.

Table 8: Potential market Copra Oil (Source: Survey)

Purpose of oilVolume Low Estimate [I] Volume High Estimate [I]
Fuel4,000 8,000
Soapt59 300
—Body-CHE+88 206
Cooking Qil250 500
Sale to Other Villages- 2,000
Total4,500 14,000
Copra Required 7.5 tonnes 24 tonnes
Share of 2006 production 89, 25%

Good quality oil can only be produced if the copra is dried properly. This requires
the current drying capacity to be expanded so as avoiding the present low-quality
moulding of copra. This will require investment in an additional dryer and training
to increase awareness about the importance of copra quality.

150f the $200 that is paid for wet copra, $10 goes to Electricity fund
16 Assuming a 55% conversion of copra to copra oil in small scale mill
17Based on FJ$ 1.38 per litre of diesel and 558 litres of diesel equivalent coconut oil per tonne of

copra
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Figure 11: Mini expeller and screw filter press with a capacity of 15 I/h (Source: Oekotec, Germany)

An oil processing plant has the key components as depicted in figure 11: an
expeller and a filter press. In addition, a copra crusher, and settling tanks are
required to take solids out of the oil. After storage, the oil might still require some
treatment or refining. The depicted equipment in Figure 11 could serve the needs
of the village of Nacamaki. At 8 hours operation per day (the generator would
need to run during these hours for provision of electricity to the expeller and the
crusher) these machines can produce the low demand forecast in one day per
week, while the high forecast can be produced in three days per week.

The proposed schematic for oil production is
depicted in figure 12. From the existing copraCopra
storage, bags of copra need to be transportedStorage
to the copra oil making facility. Bags need to

[ 2 be weighed and administered, after which the
Copracopra is gut in a copra crusher. This is a
Crushermaching with revolving knives that cuts the
copra lumps into small pieces. The crushed
copra might need temporary storage into an

Copra
oil drum. Crushed copra is then fed into a

Expeller

funnel which leads to an expeller. An expeller
ite screw that pushes the pieces of
copra thrpugh an increasingly small volume,

SettlingCopra

FarricstTeat—

axpressing the oil from the copra

solids. Qil is caught at the end and the
remainder is called copra meal. Typical
processes with small mills and good qualityFilter
y copra yield 55% oil and 45% solids (meal).Press
The thus obtained oil is led through a series of
settling tanks as this oil still contains great

Storage

amount of solids. After a day or two of
Tanks

settling, the oil is led through a filter press

which separates the last solids from the oil.

The oil is then stored for later use in drums.

The solids from the filter press are added to
Figure 12: QOil production process

Qi predugtion and Hn‘%n%%"é%é‘?n%aéf gilesgﬁrSI%%tnﬁl ‘fjsretc?u?ree Cs(?glrﬁﬁcant training
support before the yillaogncPArIPSHE EhEMNSF O TEJLiIP¥ closed

drums with minimal atmospheric exposure.
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4.6 Electricity in Nacamaki village

All households in the village are connected to the main generator. The generator
is run daily from 6 pm through to 10 pm, unless there is a function on that
requires longer hours of operation. The village generator reportedly consumes 10
litres per night. There is no accurate record of diesel usage, kWh or other
expenses of the generator. After the village visit, the operator has been asked to
keep a log book on the operation, with running hours and litres of diesel used.

The village is served by an independent Fiji Telecom with an Radio Transmission
link powered by a PV solar panel array of about 150 Wp. The Fiji Department of
Energy has been carrying out a wind energy resource assessment since late
2006.

Connection points in the village are summed up in Table 9.

Table 9: Connections to Electricity Grid in Nacamaki (Source: Survey)

NumberType ConnectionRemarks

/a4pousenolds

W) I
ZCTTTUrCrics

2Schoal Blocks

10|d People’s homelnl the process of being builti

4Teachers Homes

1Nursing StationCompleted but still waiting for @ nurse

INurse HomeCompleted

—86Cornmectiom PoimtsTotal

The maximum output power of the generator is 16 kW, 20 kVA. It is an air-cooled
three cylinder Petters with a nominal speed of 1500 rpm. The generator leaks
both oil and fuel, expels black smoke but is operational and the engine room is
clean. The generator has been

running for 36 years and is due
for replacement. ‘l

Attheobservedaverage
consumption of 10 litres per
hour,atanassumed
consumption of 0.4 litres per
kWh1s, the machine generates
an average of 25 kWh daily.
This translates to an average
output power of 6.25 kW or 85
Wattsperhousehold.
Compared to other village
electrification projects, this is
very low usage indeed.

Figure 13: Nacamaki’s current generator (Source:

There is a large freezer in the
Survey)

Nacamaki store, that is usually
powered by the store generator. It is now however not operating, hence the
freezer only receives power when the main generator runs.

8 This is in line with the observed output power based on the line current at 7pm of 12 A at 400V
translates to 6.643 kW.
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Future sizing

Based on the sizing formula of the Department of Energy of 500 W per connection
point, the village of Nacamaki would be advised to have a 43 kVA genset, if it
were to be electrified today. Considering the current usage of an average of 8
kVA, this would lead to a significant underutilisation of the generator by the
village. Underutilisation results in poor efficiency and high maintenance cost, and
has to be avoided. On the other hand, considering the lifetime of a generator to
be at least 10 years, it should cater for any future load increase.

The logbook by the technician will be very useful in further establishing the
appropriate generator sizing. For the purposes of this study, a 30 kVA, 24
kW generator will be assumed as the most appropriate size.

Metering

At the moment, the villagers in Nacamaki all pay an equal amount for their
electricity, regardless of their usage. This leads to a situation where someone
might own a TV, DVD, radio and 4 lights whilst their neighbours only use two
lights. In order for a sustainable financial basis for rural electrification, it is
important that the user pays for the electricity used. It is also important that the
real costs are paid and that no subsidies from other operations are used to
finance the electricity operation.

In Nacamaki, through its community structure and the establishment of a co-op
that caters for the operation of the gen-set, diesel purchases, etc. there is a
strong social cohesiveness, which is exemplified by the fact that everyone
supplies 1 cent per kg of wet copra to the co-op for electrification. This for
example leads to a community allocation of FJ$ 1,719 for the electric operation.
In addition, every household pays FJ$5 per month to keep the generator going,
which results in FJ$ 4,440 per year for the electric operation. At the prices
prevalent during the field visit and at 10 litres per day, the co-op has to pay FJ$
5,037 per year on fuel only, excluding spare parts, lubrication oil and
maintenance.

If the community were to introduce metering, the situation would change
significantly and this might affect the social coherence. Considering the village
consumes 90% of the 6.643 kW generated on average (10% losses), the village
would consume 8,670 kWh per year (at 4 hours per day operation). Taking only
the fuel costs would result in a cost price per kWh of FJ$ 0.58, which is not
uncommon in Fiji rural electrification.

The practical implementation of metering could include the co-op keeping an
account per household of all the income (wet copra produced for the co-op) and
the expenditure (electricity used, groceries obtained from co-op). This will require
an additional burden to the administrative load of the co-op.

In such a scheme, the levy of 1 cent per kg of wet copra would disappear, also
would be the monthly fundraising event for electricity. The community leaders
have to decide whether this is a preferred development or that other ways to
equity of the electric system need to be explored.

Final challenge with the introduction of metering is the cost of installation: meters
cost an estimated FJ$ 150 a piece, leading to an additional investment of FJ$
12,600 for the village.

In a recent rural electrification installation by the Fiji Department of Energy in
Motu, Rotuma, households pay FJ$12 for a connection with a usage up to 15 kWh
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per month. Excess usage is billed FJ$1 per kWh. Given the low usage of electricity
in Nacamaki, the most appropriate billing structure would probably differ,
however the same type of structure could be applied.

4.7 Conclusion

Experience with other biofuel electrification projects show that copra oil
can provide for sustainable energy if the all socio-economic and cultural
factors are taken into account.

Copra production is part of the way of life in Nacamaki. It is a way to pay
dues for community obligations, can also be used to supply personal
income for groceries if required. Copra production is organised around a
co-op that also runs the village shop. The co-op is in a very good position
to run a copra mill in the village as it has both the respect of the
villagers, the technical and business experience.

If copra is expelled locally, there is a significant added value to the
product at the village level. The village produces sufficient amounts of
copra to supply itself with fuel and other coconut oil added value
products. It is also in a position to sell some coconut oil to neighbouring
villages, if that market would be tapped.

For sustainable electrification of Nacamaki village, the village should
move away from flat fees to metering and billing actual electricity use.
Even though it is possible to calculate the most appropriate cost per kWh
and to introduce metering in the community of Nacamaki, its implications
need to be discussed at the community level before it is introduced. It is
however the only way to secure financial sustainability of the
electrification scheme.
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5. Feasibility of Copra Oil Production in Nacamaki for
Rural Electrification

Based on the observations in Nacamaki, the experiences in other villages, the
state of the copra sector in Fiji, it is now investigated whether copra oil
production with the main aim of providing fuel for rural electrification is feasible.
Even though the oil can be used for other purposes in the village or sold to
nearby villages, the main aim would be to produce coconut oil fuel.

51 Investment

For the actual oil production, a crusher, an expeller and a filter press would be
acquired at the cost of FJ$ 30,000. This cost includes piping, a series of storage
drums for settling tanks and drums for more permanent storage, piping, hand
pumps and electrical supply for the crusher and expeller. In addition to this, a
permanent structure, preferably of concrete would have to be built to house the
oil production operation (FJ$ 15,000).

The introduction of oil production is expected to cost the co-op extra time with
administration. To assist with this, it is proposed to also acquire a computer,
printer with an online capability that can be used part-time for internet purposes
using the available phone connection (FJ$ 3,000).

In order for the (to be acquired) generator to run on coconut oil, adaptation of
the fuel system is required. For the adaptation of the generator, FJ$ 15,000 is
reserved.

The actual generator itself would be purchased by the community and DoE as
part of their existing rural electrification scheme with a contribution of 10% by
the community. Electricity meters will be installed in the project to ensure
equity among electricity users. These will come at a cost of FJ$ 150 each, leading
to an investment of FJ$ 13,500, however it is assumed that this cost will be
included in the DoE rural electrification effort.

5.2  Funding

It is assumed that a grant donation can be found for the purchase of the
equipment to produce the oil and for the adaptation of the generator (F1$
55,000). It is further assumed that the villagers will build a permanent structure
to house the oil production facility at an estimated cost of FJ$ 20,000 (including
labour) as their own contribution to the project. It is also assumed that the
Department of Energy will fund 90% of the cost of the generator, installation and
meters (FJ$ 66,150) and that the community would foot the bill for 10% of the
generator and costs of installation and meters (FJ$ 7,500).

Table 10: Funding sources for Nacamaki Biofuel electrification project (Source
Survey)

Value [FJ$]Sourke

Domatiom Ot productiom equiprentss; 000Pomnor to-be-aemntifiEd
G r\ = o A L00Pha--000L L% lei3-00L

ararar—ahi+ mabar | Ha earm-ala
CICTatlur pius Tl Tros 7 J, UV U D UL JU /U, TNglaATTianr 1U 70

L Qil-Production-By |ilding7n,nnnl\lnr‘:m:|/i

| Total Cost158,000(F1$ 27,500 by Nacarhaki)
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5.3  Running cost and Revenue

To make a fair comparison with the baseline scenario where the co-op sells dry
copra to Consort Shipping (see Table 6), it is assumed that each bag of copra that
is converted to coconut oil costs the co-op FJ$ 460. This results in an allocated
cost of FJ$ 0.78 per litre of produced oil. It is assumed two people work in the
mill and get paid F1$80 per week pro ratio. That means a day’s work will result in
a payment of FJ$16. For each hour of operation, an amount of FJ$ 2 is reserved
for maintenance. Finally, in order to make the operation sustainable, a provision
has to be made for writing off the equipment, or so to speak, to reserve money
for the provision of a new plant when the old one breaks down (Table 11).

Table 11: Project investment and write-off periods
Equipment Cost [FJ$] Write-off period [yr]

Ol EXpeler, Crusher, Press 30,000 10
nfrastroctore;—storage 37506 70

Buildina 20 000 an

Buitding 26,660 36

Generator Ar'l:-\pi-:-ﬂ-inn ] R,ﬂﬂﬂ 15

Computer 3,000 5

Annual Write-off cost FJ$ 5,800 per year

The plant can produce 20 litres per hour and based on the power rating of the
expeller and the crusher, it is assumed that the generator will require 2 litres per
hour (3kW) for this purpose. In reality, the generator will run during the day to
make oil production possible, so that electricity is also available for other
purposes. If this is not desired, it is possible to acquire a separate 5kVA gen-set
that runs on coconut oil, to power the oil mill operation only.

Share of operating cost at production of 4,500 litres per annum

| & Copra

W Labour

| Maintenance

| C) Fuel consumption
|@Write-Off costs |

Figure 14: Share of operating cost at 4,500 and at 14,000 litres per year production levels (Source: Survey)

Figure 14 shows the shares of operating cost at both 4,000 and 14,500 litres per
year, following the ‘low volume’ and *high volume’ scenarios depicted in Table 8.
In both scenario’s, the write-off costs of the equipment takes a significant portion
of the total cost. Running cost are found to be FJ$ 1.44 per litre (high
volume scenario) and FJ$ 2.33 per litre (low volume scenario).

Following the scenario’s as depicted in Table 8, with both high and low volume,
the revenue has been calculated as depicted in Table 12.
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Table 12: Revenue projections (Source: Survey)

ProductCost [FJ$]Commen |
oconut Fuel OilT. 27 per litrethis is the diesel prige (FJ$1.38)

divided by 1.08 baged on lower
energy content of qopra oil

Qil-for-cooking~bod ol —lr-50dperlitre AsSi - WoeR-s-gobp-pa-this
7 7 7 Lt ~ —} e

soapfor their added value venture as
commodity price
Copra Meal150 per tonneAssufmning pig farmers will pay this

With cost of diesel on the island of $1.38 per litre and coconut oil production cost
of ranging from $1.44 per litre to $2.33 per litre, a normal business operation
would not be considered viable, as it would result in negative income.

However, if we leave the capital write-off costs out and look at the direct costs for
the community, a brighter picture emerges. The coconut oil direct production cost
is about FJ$ 1.04 per litre, resulting in a fuel equivalent price of FJ$ 1.12 per
litre for coconut oil versus 1.38 per litre for diesel.

Direct operating cost of coconut oil in Nacamaki
$0.06

1.04 FJS/litre of copra oil

E Copra

B Labour
OMaintenance
[1Fuel consumption

Figure 2: Breakdown of the direct production costs of Copra Oil in Nacamaki
(Source: Survey)

5.4 Key Economic Indicators

Payback time

Looking at the direct production costs and the investment for the community, at
the low volume forecast, the payback time is 7 years, while at the high volume
forecast, the payback time is only 2 years.

Net Present Value

With a net investment of $10,000 (by the villagers), a net present value $3,000
at the low volume scenario or a net present value of $ 38,000 after 10 years can

Page 32 of 37



Biofuel on Koro Island

be obtained at a 5% discount rate. The above indicators show that the project is
economically only justified if a high volume of oil is produced.

Through economies of scale, a high volume of copra oil production is desirable. It
will hinge on the community to find ways to market and sell their oil to
neighbouring villages, produce oil products produce soap. With the equipment, at
300 working days and 6 hours per day, a total of 36,000 litres could be produced,
requiring 65 tons of copra.

Considering that the capital costs were not included in the above analysis, it
should be noted that the long term economic sustainability is not safeguarded.
However, at a high production volume, these costs could be accounted for easily
and the production cost including capital costs would come down to $1.20 per
litre at 36,000 litres per annum.

5.6  Discussion / Conclusion

The feasibility study shows that making copra oil on a small scale on a
remote island like Koro is not a normal viable business proposal. Only
when the additional benefits of increased productivity, increased
diversity of incomes and the use of renewable energy are taken into
account, ‘donating’ the coconut oil mill is a favourable proposition for the
villagers. Taking into account their investment versus benefits, they will
have earned back their outlay in 2-7 years, depending on the amount of
copra oil milled.

The direct costs related to copra oil production in the village of Nacamaki
are $ 1.12 per litre, fuel equivalent. This is significantly lower than diesel
and therefore it is attractive for the village to engage in local oil
production. In order to benefit more and be able to replace the
equipment at the end of its economic lifetime, it is required that the
community utilises the oil mill as much as possible, for example through
diversification into body oil production, soap and cooking oil.

Compared to for example wind energy or solar energy, biofuels provide
much more cost-effective solutions in terms of investment cost per kWh.
However, they come at a significant expense of labour input and
continuous commitment by the community. If this commitment does not
come with a return on time spent, it can hardly be sustainable in a Pacific
context, as other experiences have shown. The case for Nacamaki looks
promising as the community has indicated it has very few other options.
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Annex A: Terms of Reference Biofuel visit to Koro,
Savusavu, Welagi

Background

As part of SOPAC’s on-going collaboration with the Fiji Department of Energy, a
visit to the Island of Koro is proposed to further understanding the local socio-
economic setting for a successful biofuel project. In addition, visits will be
organised to Savusavu (Copra Millers Fiji Limited) and Welagi, Taveuni (Earlier
biofuel project).

Koro is also a target under the collaboration between Transénergie and SOPAC for
a feasibility study of a hybrid system. This visit will prepare for the data gathering
and establishment of contacts with the local authorities.

Koro has been the proposed target of SOPAC’s CTA proposal to set up and
document a village-based coconut oil production site to produce local fuel and
other added value activities based on coconut oil. This visit will touch base with
local authorities and gain some valuable data for project preparation.

Recently SOPAC was visited by a businessman and the Tui Koro of Nasau, a
village in Koro. It was tentatively agreed that SOPAC would look into the option of
carrying out a feasibility study for a village based biodiesel production site.

The village of Welagi, in Savusavu was evaluated last year by a SOPAC team; the
visit with the Department of Energy representative will give more insight in how
to proceed with the special coconut oil generator.

The copra mill in Savusavu is intended to be visited briefly to gather more data
on the potential production of biodiesel and for the DoE representative to obtain a
better understanding of the copra value chain.

Objective
To obtain further insight in the copra market structure and to seek opportunities
for the local production of coconut oil as a fuel for power generation in Fiji

Key Questions:
1) What are the current constraints in the copra production supply chain in Koro?

2) Which opportunities would biofuel and other related value adding provide for
local actors in the coconut sector in Koro?

3) Which actors could serve as an appropriate conduit for technology piloting in
Koro?

4) What are the current constraints of the copra milling operation in Savusavu?

5) How could the Welagi, Taveuni experience with biofuel provide guidelines for
improved sustainability of biofuel production in other parts of Fiji?

6) Is it economically viable to run a small copra mill on Koro?

7) Is it economically viable to produce biodiesel (CME) on Koro?
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Annex B: Map of Koro Island
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Annex C: Feasibility Study Calculations Koro Coconut

Oil Business Venture

Feasibility of Copra Qil Production in Koro
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Copra Expeller Quote Tochso
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All EJS
DoE
Annual Write-off
Generotor
103 3.000 Moters
Instaliation
15 8 &7 Tozal
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Community 10% §
30 s £00
Rural Elecinfication Schame  §
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58 600
[$ 5833 |ito running costs)
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1 Feasibility of Copra Qil Production in Koro
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1 Feasibility of Copra Oil Production in Koro
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Feasibility of Copra Qil Production in Koro AllFJS
_ |
REVENUE
dizsel 1.36
Sales Projection ‘Sales Revenus
Coconut ol for fuel 5 128 perlitre § 3194444
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