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The objective of the study is to determine the feasibility of the use of coconut products for electricity generation in rural atoll communities in the Marshall Islands as a strategy for import substitution and to enable rural communities to participate in value-adding economic activities while creating jobs in the non-formal sector as well as improving and sustaining their livelihoods.
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Overview of paper

This research paper discusses the feasibility of using coconut oil for generator powered electrification on atolls in RMI. Part I of the paper discusses the various energy options for atoll communities. Part II is a case study on the viability of operating a coconut oil mill and a mini grid power facility on Jittoen Islet on Ebon Atoll. 

Summary of findings

It is technically possible to operate a mini mill to supply coconut oil as fuel to an adapted diesel generator to power a mini-grid on Ebon.  The population of Ebon Atoll has indicated a keen interest in electrification of their homes, churches, schools and shops.
A mini-mill on Jittoen Atoll can only be viable if current Government subsidies on copra are included in its income stream. The cost of coconut oil production on Ebon Atoll would be slightly lower or similar to the price of imported diesel. Without subsidies it would not be cost effective to provide power to the communities on Ebon using coconut oil. 

The estimated cost of coconut oil on Ebon is US$3.25 per gallon, compared with retail price of US$ 2,00 per gallon on Majuro. There are sufficient coconuts on Ebon to supply copra to a mini mill operation, but might have slight depressing effect on total output of copra on Ebon.

The cost of producing electricity on Ebon is estimated at 1.10 US$ per kWh. Current price levels for electricity are 0.24 US$/kWh on other MEC serviced islands such as Majuro, Ebeye, Wotje and Jaluit. 

The mini mill could operate profitably on the condition that the generator operator buys the oil of the mini mill, the Government approves copra subsidies to the mini mill operator on the atoll and that the initial investment costs are funded through a grant.

Constructing and operating a mini electricity grid on the islets of Ebon is possible. The initial investment costs are high, but these investments are long term infrastructure improvement. It is possible to operate an energy service company on the atoll at break even. However in the event of a financial loss, the loss will be relatively small and Government could consider to provide a small subsidy to offset the loss, creating real benefits for the atoll community. 

Capital expenditure for setting up a generator powered mini grid operating on coconut oil on an outer atoll are approximately:
· Coconut oil mini mill facility

US$  30,000

· Generator facility


US$  80,000

· Mini grid on islet


US$100,000

The main causes for the economic challenges of an outer island copra oil energy venture are: 
(i) High costs of operating a small coconut oil mill for the sole purpose of producing small quantities of coconut oil fuel and 
(ii) Limited consumption of power because of the low purchasing power of households on Ebon.

Stakeholders including Government, MEC and the Ebon Island Council will need to determine the trade off between the advantages of providing grid power on Ebon and the Government subsidies to maintain operations on an annual basis. If the stakeholders agree that the benefits outweigh the costs, it is recommended that the partners involved in this project seek funding to implement a pilot project to achieve a proof of concept for a coconut oil supplied mini-grid on the islet of Jittoen, run by a RESCO or MEC as described in this document. 
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	Alternating Current

	ADB
	Asian Development Bank

	CDM
	Clean Development Mechanism

	CNO
	Coconut oil

	CO2
	Carbon Dioxide

	DC
	Direct Current

	DME
	Direct Micro Expelling, a method to produce virgin coconut oil

	DIN
	Deutsche Industrie Norm, German Industrial Norm

	DI
	Direct Injection, a fuel system for compression ignition engines

	EMA
	Engine Manufacturers Association

	EN
	European Norm

	EPPSO
	Economic Policy, Planning and Statistics Office 

	FFA
	Free Fatty Acids

	GDP
	Gross Domestic Product

	GHG
	Greenhouse Gas

	HH
	Households

	IDI
	Indirect Injection, a fuel system for compression ignition engines

	kVA
	Kilo Volt Ampere, a measure of apparent power

	kW
	Kilo Watt, a measure of real power

	kWh
	Kilo Watt hour, a measure of energy

	lb
	Pound, 1/2000th of a short tonne

	MEC
	Marshalls Energy Company

	OIES
	Outer Island Electrification Strategy

	PIREP
	Pacific Island Renewable Energy Project

	PPIACO
	Producer Price Index All Commodities

	PV
	PhotoVoltaic

	RESCO
	Rural Energy Service Company

	R&D
	Ministry of Resources and Development

	RMI
	Republic of the Marshall Islands

	SOPAC 
	Secretariat of the Pacific Applied Geoscience Commission

	UNDP
	United Nations Development Programme

	UN
	United Nations

	US
	United States

	US$
	United States Dollar

	V
	Volt
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PART I – ENERGY OPTIONS

1 Introduction

Energy is of crucial importance for the socio-economic development of the Marshall Islands. Access to energy is indispensable for livelihoods and for most types of small-scale businesses including village based activities. 
The Republic of Marshall Islands (RMI) depends largely on imported petroleum for their commercial energy. Most of these petroleum products are consumed by the transportation and power generation sectors. 
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Figure 1: The Marshall Islands (Source: CIA World Factbook)
Although the RMI is not a large energy consumer in global terms, their energy costs are high relative to their small economies. Also more and more atolls are turning to fossil fuel-powered generators as their primary system. These generators increase the islands dependency on the principal population centre and suffer from erratic supplies of fuel, whose cost is higher in remote locations due to the great distances involved along with the high cost and reliability of local secondary shipping and transportation. 
These difficulties in supplying energy to isolated, dispersed populations located far away from any urban centre have made it necessary to find solutions using those energy sources which are available within the Marshall Islands for basic social infrastructure in rural areas such as facilities for education, health and telecommunications.

Processing copra oil is a way of bringing energy to areas handicapped by their remote island location. It provides a real opportunity for the development of the local coconut industry through strengthening existing coconut economic activities (copra production and soap manufacturing) and developing new ones (coconut bio-fuel and the preservation of the ecosystem through coconut management). It also offers the country with new possibilities in restricting the problem of urban drift and dependence on imported products by providing new opportunities for employment, income generation and training possibilities as an alternative response to local energy needs. 

1.1 Objectives of the pre feasibility study

The overall objectives of the pre feasibility study are to look at ways to improve the living conditions of rural island populations by stimulating coconut activities which promote local value adding.

Specific objective is to determine whether it is feasible to use coconut products in power generation in rural communities in the Marshall Islands. This would support a strategy for import substitution and to enable this and other rural communities to participate in value-adding economic activities through job creation in the non-formal sector as well as improving and sustaining their livelihoods. A second specific objective is to determine the impact that the local production of coconut oil would have on inter-island shipping. 

1.2 Marshall Islands Geography and Demography
The Republic of the Marshall Islands comprises of 26 atolls in the northern Pacific. The National Government is located on Majuro, the capital of RMI.  RMI’s population is 60,422 (June 2006 est.).  The largest concentration of population is in two urban centers, namely Majuro with a population of 26,737 and Ebeye Islet on Kwajalein Atoll with a population of 10,900. 
  
The other 24 atolls are populated by small communities from ranging from 12 people up to 2,000. 

1.3 Transport and communication to outer atolls 

Just about all services to outer atolls originate from Majuro. Most outer island atolls are serviced by ship on a monthly basis and once a week by small passenger planes. Outer atoll communities receive supplies on a regular basis, but it is not unusual for ships and planes to be delayed for longer periods.
Communications to the outer atolls is limited. The most common technologies are two way solar powered radio telephones and one way radio messages.

1.4 Source of income on outer atolls
The main source of household income on the outer atolls is derived from producing copra and handicrafts. Average income on the atolls is estimated at US$100 per month per household. 

[image: image5.emf]
Table 1: Households by annual income and by Atolls/ Islands (Source: 1999 Census)
1.5 Cost of living on outer atolls

Basic food items are available on the atolls, such as fish, clams, breadfruit and coconuts. Most other food items and consumer goods are imported. 

The cost of transport to the outer atolls is expensive. The main reasons are long distances from Majuro to outer atolls, the small quantities of supplies transported and the limited produce returning by ship to Majuro. As a result prices of food and household items, hardware, diesel and other fuels are high on the outer atolls. 
Price of fuel

In October 2006 the retail price of a gallon of diesel on Majuro was recorded at US$2.90 at the service stations. On Ebon Atoll a gallon of diesel was advertised for US$6.95, a difference of US$4.05 per gallon.
1.6 Copra Production in RMI
Most outer atolls households produce copra which is shipped to Majuro for processing. The inter island ships collect the copra a few times a year. Copra producers have to wait for the ship to arrive. Some households only start producing copra when the news reaches the island of a ship on its way to collect copra. Income from copra appears to be sporadic or irregular on a monthly basis, but could be considered regular on an annual basis. 
Copra naturally protects the oil in the flesh of the coconut, which ensures the quality during the long storages on atolls and negative effects of transportation. For this reason value added processing of copra on outer atolls and shipping coconut oil to Majuro is not recommended unless quality can be guaranteed.
Total copra production in RMI in 2004 stood at 4,868 short tons which equals 9,736,000 lbs of copra. This is sufficient to produce over 750,000 gallons of coconut oil for export and local consumption.
	Table 2: Copra production, average produce price and total income from the produce in RMI 1951-2004 (Source: Tobolar Processing Plant and EPPSO)

	Year
	Copra Production [short ton]
	Average producer price per Short ton [US$]
	Total Producer Income [thousand US$]

	1951
	4,980
	84
	418

	1961
	6,060
	126
	764

	1971
	5,344
	154
	823

	1981
	5,760
	171
	985

	1991
	4,213
	155
	653

	2001
	5,256
	187
	949

	2002
	2,653
	180
	478

	2003
	4,283
	240
	1,027

	2004
	4,868
	240
	1,186


1.7 Copra prices and subsidies
The state owned copra authority on Majuro is managed by Tobolar, a private contractor. Tobolar buys the copra from the outer atolls, produces oil on Majuro and exports the oil. Tobolar is also selling a coconut oil diesel mix at the Tobolar plant on Majuro and it intends to increase local sales of coconut oil as biofuel. 
The Government of RMI provides subsidies to copra farmers through Tobolar by setting the purchase price of copra. The copra price for most of 2006 was US$0.13 per lb and was raised to US$ 0.15 per lb in November 2006.
The RMI Government also provides a copra transport cost subsidy of US$50.00 per ton to shipping companies and a US$7.50 subsidy per short ton to stevedoring companies.
 This translates into US$0.02875 per lb subsidy.
In October 2006 the world market price of copra stood at US$0.10 per lb. 
 
	Table 3: Copra prices and subsidies (Source: survey)

	Price level
	¢ per lb

	Copra Producer Price
	US$0.15

	Transport
	US$0.0288

	Total cost 
	US$0.1788

	World market price
	US$0.10

	RMI Government Subsidy on Copra
	US$0.079


Table 1 indicates that with the current world market prices and price levels paid to farmers, the Government subsidizes each lb of copra at a rate of 7.9 US cents. This translates to US$ 157.6 per short ton. 

As each short ton is turned into 153.6 gallons of coconut oil at Tobolar, this translates to almost US$1 per gallon subsidy on a retail price of US$2/gallon.
1.8 Conclusion

The economic opportunities on the outer islands of the RMI are limited and costs of most products and services, including food products and energy are high. Through the remote character and small land surfaces people are restricted to provide in their own food and to supplement income by means of cutting copra. The copra sector is highly subsidised and is important for livelihoods to the outer island population as it provides for the only stable cash income away from the main centre Majuro.
2 Energy use in Marshall Islands
2.1 Introduction

The energy use in the Marshall Islands has been mainly dependent on imported fossil fuel. Electricity is delivered to a majority of the population (64%) however, only in the urban centres of Majuro, Ebeye, Wotje, Jaluit and Rongrong. 

The Marshall Islands energy economy is dominated by petroleum products (petrol, diesel, kerosene and LPG). These products account for approximately 90% of gross energy supply, the balance being biomass mainly used in the outer islands as a cooking fuel. During 2004, Marshall Islands imported 18 million gallons of diesel, with 12 million sold to international fishing fleet, resulting in a consumption of 6 million gallons, or 22.5 million litres. This figure includes both transport and power generation.
2.2 Main Island Electrification 
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Figure 2: MEC’s Majuro power station provides up to 12.8MW of electricity (Source: MEC)

Electricity generation is currently in the order of 100 GWh per year with MEC generating approximately 80GWh and KAJUR (Kwajalein) 20 GWh. Next to power generation on the main island of Majuro, with a peak demand of XX
 and installed capacity of 12.8 MW, MEC also operates 550 kW diesel generators on Jaluit and Wotje and 60 kW generators in Rongrong. The local governments of Bikini, Kili and Enewetak have similar size generators operating independent of MEC. 

MEC technical capacity to build and maintain power systems in the harsh RMI environment is clear when visiting these facilities. However, at the current rates of US$0.25 per kWh for commercial and Government customers, US$ 0.20 per kWh for residential customers and US$ 0.19 per kWh for residential small loads (lifeline tariff), MEC’s diesel generation is running at a loss. The Government of Marshall Islands provides financial support through a number of channels to keep the lights on in Majuro.


For the outer islands of Jaluit, Wotje and Rongrong, MEC operations are even more subsidised as the rates for customers are similar to Majuro and the cost of operating per kWh are higher. Support for this is justified by the Government so as to provide critical infrastructure to the boarding schools and health centres in the outer islands, as part of a strategy to avoid Majuro becoming further overpopulated.

2.3 Outer Island Electrification Strategy

In its Outer Island Electrification Strategy (OIES) drafted with assistance from SOPAC’s PIEPSAP project, the Ministry of Resources and Development has developed an approach to provide “reliable, equitable and environmentally sound energy supplies for the social and economic development of our remote islands and rural areas by 2010” [GoRMI, 2005, draft] “..Through the implementation of the OIES, Government seeks to increase the contribution of the energy sector to the welfare of the nation in an efficient, equitable and sustainable manner”.

Table 2 depicts the existing power supply installations in the outer islands. Approximately 16,200 people are currently supplied with 2 MW of diesel power and 450 solar PV systems. Some of the PV systems are currently not operational as they have been installed more than 10 years ago. In some atolls such as Ailinglaplap, Arno and Mili, populations over one thousands are supplied by only a very small number of solar PV systems. 

Most islands have a small number of (higher income) households that run small petrol / diesel generator sets for provision of electrification in the immediate vicinity. Most rural shops have some form of small gen-set for cooling (refrigeration or freezer) and for the operation of a two-way long wave radio, lights, radio and TV. 

	Table 4: State of electrification per outer island (Source: Outer Island Electrification Strategy, (Source: GovRMI, 2006, adapted from PIEPSAP report)

	 
	Land
	Lagoon
	Pop.
	HH
	Power Supply
	Solar

	Atoll/Island
	(km2)
	(km2)
	
	
	KW
	No of systems

	Ailinglaplap
	14.69
	750.3
	1,959
	236
	 
	9

	Ailuk
	5.36
	177.3
	513
	88
	 
	28

	Arno
	12.95
	338.7
	2,069
	244
	 
	53

	Aur
	5.62
	239.8
	537
	86
	 
	15

	Bikini
	6.01
	594.1
	13
	 
	550
	 

	Ebon
	5.75
	103.8
	902
	122
	 
	16

	Enewetak
	5.85
	1,004.90
	853
	109
	 
	2

	Jabat Is.
	0.57
	0
	95
	15
	 
	35

	Jaluit
	11.34
	689.7
	1,669
	229
	500
	5

	Kili Is.
	0.93
	0
	774
	90
	550
	 

	Lae
	1.45
	17.7
	322
	32
	 
	21

	Lib Is.
	0.93
	0
	147
	15
	 
	3

	Likiep
	10.28
	424
	527
	82
	 
	28

	Maloelap
	9.82
	972.7
	856
	138
	 
	28

	Mejit
	1.86
	0
	416
	60
	 
	60

	Mili
	15.93
	646.7
	1,032
	136
	 
	5

	Namdrik
	2.77
	8.4
	722
	118
	 
	130

	Namu
	6.27
	397.6
	903
	127
	 
	7

	Rongelap
	7.95
	1,004.30
	19
	 
	 
	 

	Ujae
	1.86
	185.9
	440
	67
	 
	 

	Ujelang
	1.74
	66
	0
	 
	 
	 

	Utrik
	2.43
	57.7
	433
	65
	 
	3

	Wotho
	4.33
	94.9
	145
	18
	 
	3

	Wotje
	8.18
	624.3
	866
	108
	550
	7

	Total
	 
	 
	16,212
	2185
	2150
	458


2.4 Options for Island Electrification

Through their remote character, it is not feasible to extend the grid to all the outer islands and atolls. Therefore, on each atoll, and sometimes for each islet, an independent electrification solution must be found. Through high transport costs of fossil fuels and vulnerability to future price fluctuations, there is a strong preference for renewable sources of energy that can be generated on the island. 
Renewable energy sources available on the outer islands of the Marshall Islands include solar, wind, biomass and various forms of ocean energy. Through a range of technological restrictions, most forms of ocean energy still require a long way of development and are therefore not available for cost-effective application. The wind resource has been subject to some measurements, however since most islands are located close to the equator, it is assumed in this study that the average wind speed is too low for economic application of wind energy. 
2.5 Outer Island Renewable Energy Resource Assessment

For example the atoll of Ebon possesses various renewable sources of energy that can be used to provide electricity to communities. These include solar energy, wind energy, wave energy and biomass.  The most viable types of renewable energy on Ebon are discussed below. Wave energy technology is currently in such low state of development that it will be considered not viable for the purpose of this study, however in the medium term (10-15 years) might become an important source. Unlike some other, less flat Pacific island countries, there is no hydro resource.

2.5.1 Solar Energy

Ebon receives good solar irradiation, often referred to as ‘insolation’. Table 3 shows the solar irradiation over the year.

	Table 5: Solar Radiation, South Marshall Islands (50N, 1700E) [kWh/m2] (Source: NASA Satellite data, PIREP report)

	Jan
	Feb
	Mar
	Apr
	May
	Jun
	Jul
	Aug
	Sep
	Oct
	Nov
	Dec
	Avg

	4.8
	5.37
	5.46
	5.54
	5.12
	5.01
	5.08
	5.53
	5.53
	5.6
	4.94
	4.82
	5.23


The average insolation is 5.23 kWh/m2, with only slight variations throughout the year. This makes for good performance of cost-effective solar rural electrification. 

Solar PV systems on Ebon are an ideal way to provide small power household needs such as lighting and radio / TV. However, for applications such as washing, cooling and other productive applications it is too expensive.

2.5.2 Wind Energy

Ebon is located on 40N latitude and generally it is accepted that areas in between 100 latitude around the equator do not have sufficient potential for renewable energy resources. According to the PIREP report, the wind energy potential might be underestimated and there might even be economic applications of wind in the northern Marshall Islands, however for Ebon there are no viable wind energy applications.

2.5.3 Biomass

On Ebon, biomass is the main source of energy for cooking food. Wood waste, stems of coconut trees and coconut husk are all used in their dried form to provide a fire to cook on. Copra, traditionally produced to be shipped to the urban centre of Majuro, is also a form of biomass energy but is not used in the traditional customs.
Therefore, the only viable alternatives to diesel/petrol generators are electricity systems based on solar energy or biomass. The most widely available source of biomass on the atolls of the Marshall Islands is the coconut tree. Its stem, the coconut husk and shell can be used through combustion (as is currently the case in most islands, for cooking purposes) and the meat of the coconut can be dried, (as is currently the case in most islands, for copra export to the mainland). This copra can be used to press coconut oil on the island using a mini expeller. If the oil is subsequently filtered and treated for elimination of moisture, the oil can be used as a diesel substitute. 
2.6 Diesel / petrol generators
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Diesel and petrol generators work on the principle of the combustion engine that has been applied for over a century creating a rotating force to excite electricity in a generator. The resulting electricity is alternating current and power ranges from as low as 500 Watt through to 10 MW. Through its availability, easy operation and relatively low installation cost, this is the most widely applied way to electrify remote communities world wide. 

Traditionally, high-income households and some communities have been able to generate electricity using generators that either use petrol (up to 5 kW) or diesel (from 5 kW). Households in the outer islands that are relatively well off through relatives that send money from overseas or people on a pension run small washing machines, freezers and fridges on these small generators. Often, they supply electricity for lights to their immediate neighbors as well, charging symbolic fees or get paid in-kind. The use of these systems is usually limited to a small number of running hours per day, due to high fuel costs
2.6.1 Issues with diesel / petrol generators

Even though the initial cost of a generator is relatively cheap (from US$ 200 per kW), the fuel used is quite expensive on an outer island, in the order of US$ 7 per gallon. A gallon is sufficient to have a 3 kW generator run at rated capacity for 3 hours. This works out to be $ 0.78 per kWh for the use for fuel only. Under most circumstances the cost of fuel will be higher through losses and because the generator is often only partially loaded as compared to the rated capacity.
Erratic fuel delivery to the outer islands is a reality and therefore households need to stock up a number of (44 gallon) drums of fuel if they want to ensure the daily operation of their systems. Fuel prices have shown to be highly dependent on world developments and as the oil resource becomes less abundant, prices are likely to remain strong. 
Because burning fossil fuels leads to CO2 emissions these systems contribute to global warming and deplete a resource that is limited. Spilling of these fuels during delivery is very harmful for the fragile coastal environment.
Generators are often run during long periods with little or no servicing. The availability of replacement filters, lubricants or replacement parts leads to many running at sub-optimal efficiency and therefore polluting even more than otherwise would have been the case. The availability of skilled technicians is often limited to the larger islands, as skilled islanders seek the highest wages once they are trained. This often leads them away from the outer islands, to the urban centres. 
2.7 Solar PV Electrification
[image: image16.jpg]


The operation of a Solar PV system is based on the photovoltaic (PV) effect of semiconductors to capture photons turning them into movement of electrons, generating electricity. Typical yields of a PV module are around 100 Wp per square metre. During the day, the solar module generates electricity that is typically stored in a lead-acid deep-cycle battery, to be used at night. A controller is used to avoid under-and overcharging of the battery by limiting electricity in when the battery is full and by limiting the load when the battery is getting empty. Most PV solar home systems have 3-4 lights as a load, some have an additional outlet for a radio and/or TV. As the system is usually 12 VDC, the use of a TV or DVD often requires an inverter, converting the voltage to mains AC.
As a recent example of Solar PV electrification in the Marshall Islands, the Mejit solar electrification project was completed in October 2005. The island has been supplied with 88 systems (including spares) at a cost of US$350,000. The standard system size for these systems is 160 Wp, with a 250 Ah battery, four lights and a DC outlet. Households are allowed to use a 180 W (12 V DC to 115 V AC) inverter for a TV and/or a DVD player and are advised to limit its usage to one programme per day.

The households connected to the solar system sign up first with the Ministry of Resources and Development. After having been selected, the households pay a deposit of US$100 to MEC and the system is installed. The ownership of the Solar PV system (Solar PV module, regulator, battery) remains with MEC. The wiring and the lights are owned by the household. Households pay a US$ 12 flat fee per month for the use of the system. In case of a subsequent default on monthly payments, the system can be removed from the house. 
The fee is designed to cover battery, solar PV module and controller replacement in case of a breakdown. Also, the fee covers the expenditure of two technicians on-island to maintain and repair the solar system. 
2.7.1 Issues with Solar PV electrification

Solar PV system electrification has been shown an effective way to decrease kerosene and battery consumption for lighting. Experiences especially in Namdrik show that if households default on monthly payments, the utility needs to undertake action with the eventual threat of removing the system, otherwise other households in the community will not perceive the need to pay either. The absence of monthly payments undercuts the sustainability of the project while even though the initial purchase of systems was provided by a donor and/or Government, the maintenance and/or replacement of equipment is not.
The use of PV Solar systems has been highly donor dependent, with the capital expenditure per system amounting up to US$ 3-4,000 per household.  In the recently approved assistance from the Government of Taiwan/ROC for the provision of 937 PV solar home systems, the cost of an individual unit was estimated at US$3,200 per system, excluding transport to the outer islands and installation. More systems are planned to be installed under the European Union REP-5 assistance in the coming two years.

There have been very few productive uses of Solar PV identified apart from extending working hours for mat weaving and/or handicrafts. This leads to the observation that even though the Solar PV system reduces kerosene consumption for lighting, there is no economic value adding arising from the Solar PV systems. 
Solar PV systems have earlier been described as ‘pre-electrification’ where they create the appetite for households formerly not used to modern types of energy service to use electricity. This leads to the frequent use of electric lights, radio, TV and DVD in a household. 
The household members often quote the power limitations of Solar PV systems and the wish to use more power intensive appliances as well. Although it is technically possible to extend the solar PV system to a power range that can supply a refrigerator, freezer, washing machine, microwave, fans and air conditioners, the gigantic cost of Solar PV (US$ 20,000 per kW system) inhibits this. Most end-user surveys, a number of years after installation of Solar PV, indicate a strong wish of the household members to have access to more power.
Since Solar PV systems provide only limited power, the total energy provided by the system over a month is also limited. Assuming an average of 3.8 sun-hours, a typical system at a battery efficiency of 80% would generate about 0.486 kWh per day. At the set fee of US$12 per month the effective cost of energy is US$ 0.82 per kWh for the user. 
2.8 Conclusion

The recently carried out PIREP study reports on the most appropriate technology to be used in the Marshall Islands. It says:


“There is long experience with solar photovoltaics and that continues to be the most appropriate technology for electricity production from renewable energy in the RMI. As atoll agricultural productivity is low, biomass for energy production other than cooking and copra drying is not practical for the long term, although for the short term replacement of senile coconut trees may provide significant biomass for energy production. Biofuels have considerable potential since copra production is still the mainstay for the outer island economies and a methodology for local production and use could be developed.” 

The application of solar energy is the most appropriate technology for small scale household use on the outer islands. For higher levels of electric power demand, coconut oil appears to be an appropriate fuel, however a feasibility study will have to point under what conditions this is can be economically sustainable. 

Overall, PV Solar Home systems implemented through the fee-for-service projects are a successful way of supplying low-power electricity to remote islands at an affordable cost to households. 

The main disadvantage is the high degree of (donor) funding required for the initial cost and limited level of output power from the PV systems.
3 Biofuel Electrification
The use of biofuel for rural electrification in the Pacific was first applied in the late 1990s in New Caledonia and later 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 Theoretic 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. 
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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 0C) 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 copra
 oil) were conducted in the early 1980s. Short term engine testing indicates that 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 oil
. 

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 0C;

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. 
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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 0C 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. 

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 the fuel tank, to ensure that the fuel remains liquid, even at 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 6), that uses a dual-fuel system for both diesel and copra oil fed into a 55 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 the Marshall Islands, this effect can also occur. Therefore, during the planning stage, the load needs to be calculated carefully so that the generator will not be over-rated. 

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 25oC. In the typical outer island of Kiribati this should however not be a problem. A good example of this 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

3.4 Biodiesel in standard engines

Biodiesel is a standardised fuel that consists of vegetable oil methyl ester (VOME) 
. 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 Marshall Islands. If these standards are followed, the validity of all manufacturer guarantees remains valid if used up to 5%, depending on the manufacturer. Individual manufacturers have declared certain models can be run with remaining guarantee up to 30% and some even 100%
. 
Positive impacts on engines include increased lubricity and a reduction of visible particles in the exhaust. Some engines require replacement of rubber hoses and O-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 7 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. 
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Only since recently have the prices of these commodities worked in favour of coconut oil. In the Marshall Islands, the prices are almost the same, with bulk purchases by MEC just below the local net value of copra. 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 has been targeted by Tobolar, selling coconut oil blends in Majuro. Table 6 gives an overview of price levels of fuels for compression ignition (diesel) engines.

	Table 6: Fuel Prices in Marshall Islands (Source: Survey)

	Fuel product
	Price [US$/gallon]

	Majuro Landed Cost Diesel
	1.85

	Majuro Tobolar Coconut Fuel
	2.00

	Majuro Tobolar 50/50
	2.76

	Majuro Retail Fuel
	3.60

	Ebon Retail Fuel
	6.95

	Ebon Coconut Oil equivalent
	3.05


As the table shows, fuel is up to a factor 2 higher on the outer islands (such as Ebon) than on Majuro. This is caused by a combination of low volumes consumed and high transport costs. 

On the other hand, there is no copra oil production on the outer islands. If there was, it would take the subsidised copra as an input, making the coconut oil relatively expensive. Based on the beach price of 15 cents
 per lb for all outer islands, at a conversion efficiency of 55% copra to oil and the 8% less energy content as compared to diesel, a gallon of coconut oil would cost
 an estimated $3.05 per gallon. This is significantly lower than the observed retail price of diesel of $6.95 per gallon.  
Therefore, there appears to be an economic ‘case’ for coconut oil production on the outer islands, such as Ebon, for both fuel and other uses.
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 startup, when the ambient temperature is below 25 oC or during periods of low load, the generator is operated on diesel fuel. 

Village based shops often run a small petrol / diesel generator to supply a freezer / cooler for consumer products. The shop owner is often in an excellent position to make copra oil as he often already is 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 shop owner can immediately decrease the shop operational cost by replacing fossil fuel by copra oil. Once set up, the shop owner can sell electricity and/or oil for various products (soap, body oil, lotion, cooking oil) to customers. Through the experience of the shop owner 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 to be 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 no experience with this yet in the Marshall Islands. There are no technicians with experience in adapting and/or servicing biofuel systems. Even MEC has not operated any of their generators on (a blend of) coconut oil as this would void the warrantee of their machines
. The lack of experience will require technology transfer, training and long term monitoring of the adapted engines.
While electrification by means of solar PV systems only requires a household to sign up on a list, provide US$ 100 for the down-payment and subsequently pay US$12 per month for the service provided, 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 MEC 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 along 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 higher 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 operational in the Marshall Islands. 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 activities of 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 the Marshall Islands. At first sight, there also appears to be an economic case for coconut oil as a fuel. This will be investigated further in the coming chapters.
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Figure 8: Satellite image of the Ebon Atoll with main population areas Jittoen and Toka (Source: Google Earth)
PART II – CASE STUDY
4 Jittoen Coconut Oil-based electricity generation
4.1 Introduction
The circumstances in remote islands of the RMI seem to be favourable to develop electrification schemes using coconut oil as a fuel. This case aims to describe what such a scheme could look like. The case uses practical and realistic assumptions and recommends price levels which ensure the sustainability of the energy service on the outer atoll. 
4.1.1 Assumptions

This case study examines the viability of providing electricity on Jittoen Islet on Ebon Atoll using coconut oil as biofuel. The case study assumes that: 

· There are sufficient coconuts available on Ebon to produce copra and coconut oil.

· An electricity mini grid will provide power to houses, businesses, government buildings and other buildings. 
· The generator facility will be operated by a professional energy company, Marshall Islands Energy Company (MEC).
· A coconut oil mini mill will be operating on the atoll to provide coconut oil or biofuel to the generator facility operated by MEC.
4.1.2 Ebon Atoll
Ebon Atoll is the most southern atoll in RMI. The main research for this feasibility study was conducted on Jittoen Islet, the largest of the three populated islets on Ebon Atoll. Jittoen Islet’s geographic and demographic circumstances are similar to many other outer island atolls in RMI and in the Pacific. The research team also visited Toka Islet and noted that Toka Islet is similar to Jittoen Islet and could benefit from this study.
Ebon Atoll has a population of 902 comprising 128 households.  Demographics show a relatively young population
 
4.1.3 Electrification choices

During consultations with the community on Ebon it was obvious that every household wanted electricity lighting instead of kerosene lighting. However it did not become clear which type of energy source was preferred by households. Some people indicated their preference for solar lighting and others preferred generator electricity for lights and other appliances.

When asked what households would use electricity for the answers were mostly for lights, TV and DVD players, freezers and washing machines.

When asked what households would use the freezers for the answer was not immediately obvious, the answer being “to cool water”.

There is a need to undertake an energy demand survey on Ebon Atoll to match the assumptions of this research to the outcomes of the survey. In the absence of an energy survey, it is assumed that each household will on average use 1 kWh per day. This figure will be further adapted on the basis of the ability to pay. 
4.1.4 Impact of generator electricity on lifestyles
Electrification can have a positive impact on the community on Ebon. Households would have lights in the evening and early mornings. Families could use white goods such as refrigeration, washing machine, iron, oven and other appliances such as radio, television, telephone, computers (with satellite based email and internet), power tools, battery chargers, sewing machines, etc.
Community meetings and church services can be held during longer hours in the evenings.
Electricity can have a positive impact on education. The team heard that school students on Ebon are performing below the RMI average. Currently the school is closed when it rains because the shutters need to be closed to keep the rain out, which make the class rooms too dark for studying. Weather statistics indicate that it often rains on Ebon. Electricity could light up class rooms. Also students are able to study at home in the evenings. Teachers can prepare at night for the next days lessons. Students who need extra attention can be taught in the evenings. Students can learn to use and work with personal computers. Another development is the ability to introduce distance learning on the atoll. The school can also be used for other activities in the evenings.
Adjustments in life style may also occur with longer hours of light. In some instances the introduction of electricity has resulted in people staying up late and waking up late, neglecting daily early morning chores. In some Pacific Island countries the introduction of electricity have negatively affected women, where they were required to cook meals late at night because it is easy with light, whereas in the past the meal was prepared during the day and the evenings were free.
4.1.5 Impact of generator electricity on income generation
The people of Ebon have few income generation opportunities. The main household income is derived from copra and handicrafts. 
Generator electrification could provide the population with better income generation opportunities. Direct benefits from refrigeration are the ability to increase shelf life of perishable agricultural and marine produce before exporting to Majuro. The power supply can allow small and micro entrepreneurs to use processing machines, power tools and ICT. The main business advantage is the ability to add value to primary produce. Electric tools allow artists to produce new types of handicrafts with the potential to produce handicrafts better and quicker.
Table 7 shows income patterns per household (HH) on Ebon.
	Table 7: Household Income strata on Ebon Atoll (Source: Census 1996)

	Households
	Income per annum
	Income per month
	% of HH

	69
	Below US$1,000 
	Below $83
	54

	40
	between $1000 and $4999 
	Between $83 and $417
	31

	14
	between $5000 and $9999 
	Between $417 and $833
	11

	5
	$10,000 and more 
	Over $833
	4


These statistics show that 54% of the households earn less then US$83 per month and an additional 31% of households earn between $83 and 417 per month. A total of 85% of households earn less then US$417 per month. This is important information when determining the price of electricity and the ability to pay for electricity.
4.1.6 Electricity on Ebon
At the time of the 1996 census 93% of households used kerosene for lighting and 6.6% solar energy. Ebon Atoll does not enjoy grid supplied electricity.  However there are a small number of privately owned generators on the island. In particular the main shop uses a generator regularly to power lights and fridges/freezers.
4.2 Coconut Oil Mill on Ebon
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Producing coconut oil on the atoll 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 Jittoen Islet.
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.
4.2.1 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. 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 lb bags.

For processing into oil, chunks of copra are first processed in a Copra Cutter (See Figure 9). 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 10). 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. 

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 10. Oil 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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Figure 10: Expeller and filter press (Source: Tinytech.com)
The copra mini mill is powered by a 5 kVA electric motor or a “listeroid” diesel engine and is capable of producing on average 10 gallons 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 for a day
Expected investment costs of establishing a mini mill and small generator on an outer island atoll is estimated at around US$30,000 (Table 8). For a year’s production, 52 person-day is required.
	Table 8: Cost Copra Oil Mini-mill facility (Source: Survey)

	Cost component
	Cost (US$)

	Construction and building of sheds
	10,000

	Mini mill Grater, Expeller, Filter
	15,000

	Transportation, Installation
	5,000

	Total
	30,000


4.2.2 [image: image22.jpg]


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 10). 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 11 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 6 to 10 gallons per day. 
The DME process requires more labor 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 US$20,000 (Table 9). For a year’s production, 208 person-day is required.
	Table 9: Cost Copra Oil Mini-mill facility (Source: Survey)

	Cost component
	Cost (US$)

	Construction and building of sheds
	10,000

	DME platorm, press, filters
	7,000

	Transportation, Installation
	3,000

	Total
	20,000


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 US$ 10 per gallon as part of export for specialist, organic applications. 

Both the Mini Mill and the DME could be used to produce coconut oil on an atoll. The mini mill is more efficient and less labor-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.
4.2.3 Ebon Atoll coconut resource assessment

Households depend on copra as a main source of income. With the introduction of a mini mill on Ebon, households will have the option to sell copra to Tobolar or to the mini mill operating on Ebon. If at all possible, households would continue to sell copra to Tobolar at the current rates and produce additional copra to be sold to the mini mill on Ebon.

Therefore, it is important to carry out a coconut resources assessment so as to determine whether there are sufficient coconuts on Ebon to provide the mini mill with copra and continue selling similar amounts of copra to Tobolar. 
During the site visit the team observed that most arable land currently has copra plantations. Using Google Earth, the total surface of arable land has been measured for each islet. Figure 12 gives an overview of the islets of the atoll with names.
The total area adds up to 877 acres. At 30 trees per acre and 80 nuts per tree per year, the total harvest of coconuts is just above 2.1 million nuts per year (Table 10).
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Figure 12: Ebon Atoll (Source: RMI Government, EPPSO)
	Table 10: Islands of Ebon with theoretical Coconut Yield (Source: Survey)

	Island
	Acres
	Coconut Trees
	Potential Harvest

	Jittoen
	210
	6300
	504,000

	Jittaken
	20
	600
	48,000

	Emmeej, Juroj, Enearmej
	99
	2970
	237,600

	Eninaitok
	109
	3270
	261,600

	Rerok-kan
	131
	3930
	314,400

	Moneak, Roa, Demdol, Tole
	30
	900
	72,000

	Toka
	116
	3480
	278,400

	Enilok
	67
	2010
	160,800

	Enekoion
	74
	2220
	177,600

	Eneear
	22
	660
	52,800

	Total
	877
	21,300
	2,107,200

	 
	 
	 
	 

	
	
	
	

	Household use
	100 HH
	2,190
 per year
	              - 219,000 

	
	
	
	

	Available for copra 
	
	
	           1,888,200

	
	
	
	

	Copra Amount [tons]
	
	
	                     468


Of these million nuts it is assumed that each household will consume 6 nuts per day (2,190 per year) for own consumption or used for animal feedstock. These assumptions lead us to a theoretical almost 1.9 million nuts per year that are available for copra production, which can be turned into 468 tons of copra per year. 

When the historical data of copra production is taken into account (Table 11), it can be seen that 83% all potential copra is harvested and turned into copra, if it is not used for domestic consumption. In very good years such as 2001, with good rain and sunshine, Ebon might produce even closer to the maximum theoretical estimated production, in years of less favourable weather conditions, it might be less. 

	Table 11: Copra Production Ebon (Source: Tobolar)

	Year
	Copra [tons]

	2000
	381

	2001
	438

	2002
	328

	2003
	410

	2004
	373

	2005
	396

	Average
	388


For purposes of the future estimates, we will use the average actual production of the last five years being 388 tons per annum. If Ebon were to turn all of this copra into coconut oil, it would be possible to produce 54,571 gallon
 of coconut oil on the island. 

At the current copra price of 15 cents per lb, the price of this oil is estimated at $3.05 per gallon
.

	Table 12: Estimate of outer island coconut oil price with copra mini-mill (Source: Survey)

	Conversion copra -> oil [gallons/ton]
	144.07

	Cost per ton (2,000 lb * 0.15 US$)
	US$ 300   

	US$ per gallon (US$300/144 gal)
	US$2.08

	US$ per gallon diesel energy equivalent 

	US$2.25

	US$/gallon milling/filtering production cost

	US$0.80

	Estimated Coconut Oil Fuel cost per gallon 
	US$3.05


This gross oil production price will be subject to further analysis during the viability calculations of operating a coconut mini-mill on Ebon.

4.3 Viability analysis of coconut oil mill
4.3.1 Customers and sales forecasts
The main buyer of coconut oil on Ebon is expected to be the electricity company or RESCO 
. A RESCO will only buy the gallons of biofuel it requires to operate the generator. This is a limiting factor to the operations of the mill.  
The utility on Jittoen will run for 6 hours every day, for example from 16 to 22 hrs. Based on the assumption of an average usage
 of 42 kWh per day and an efficiency of 0.12 gallon per kWh, with 10% power systems losses, it is estimated that RESCO will need 5 gallons of coconut oil per day or 153 gallons per month. On an annual basis, this is equivalent to 1839 gallons.
Furthermore coconut oil can be sold locally to the community as cooking oil, body oil and possibly for soap making and the copra cake could be exported to Majuro depending on the cost of transportation. It will be assumed that the community will produce an excess of 661 gallons of copra oil. Per year, this will lead to a production of 2,500 gallons by the copra mini-mill.
Depending on the oil production requirements a DME mill could be used. The additional oil production could find markets easier as higher quality cold pressed coconut oil. However producing 7 gallons of DME oil a day is hard work for a five day work week. If a DME mill is used the operator would not be able to apply for copra subsidies.
Oil produced on Ebon that is exported to Majuro is not competitive with the Tobolar mill, not even considering the logistical and transport costs. Producing oil on Ebon is more expensive then producing the oil on Majuro. The Tobolar copra mill is large and has therefore a low unit production cost, and also a higher extraction rate. Tobolar sells a gallon of coconut oil for around $2.00 on Majuro. The Ebon production plant could not compete with this price when transportation costs and quality assurance are taken into account.

4.3.2 Cost of producing coconut oil on Ebon

Producing coconut oil on an outer island can be relatively cheap. However one of the largest cost factors in determining the cost per gallon is the amount of oil produced. The more oil produced, the lower the cost per gallon. Equally the fewer gallons produced to higher the cost per gallon. The determining factor is the depreciation and equipment replacement costs. 

From Table 13 - “Cost of producing oil” the estimated cost of producing a gallon of coconut oil on an outer island is between US$2.42 and US$4.28. If the potential revenue of copra cake is included, these cost levels are US$ 0.35 per gallon lower. Three different cases are the basis for these calculations. First, the base case is the actual production of 2,500 gallons by means of a Tinytech mini-mill that would be operated on Ebon. The copra is bought at the regulated price of 15¢/lb. 


As argued in Chapter 1, there is a significant subsidy in the Marshall Islands on copra in various stages of the production process. The millers on the island do not have access to this subsidy. Therefore, the second case assumes that the producers receive 7.88¢ per lb subsidy in lieu for the avoided transport costs and the difference between the world market price and the price on Majuro. This is the ‘subsidy case’.  

	Table 13: Cost of copra oil production on Ebon (Source: Survey)

	All Prices in US$/gallon
	Base Case
	Subsidy Case
	High Vol Case

	Copra
	$2.30
	$1.09
	$1.09

	Labor
	$0.40
	$0.40
	$0.40

	Energy
	$0.07
	$0.07
	$0.07

	Maintenance
	$0.83
	$0.83
	$0.29

	Investment
	$0.67
	$0.67
	$0.56

	
	
	
	

	Total
	$4.28
	$3.07
	$2.42

	
	
	
	

	Sales Copra Cake
	$0.35
	$0.35
	$0.35

	
	
	
	

	Net Cost
	$3.93
	$2.72
	$2.07


The “high vol” case assumes that the subsidy compensation will be paid to the producer, and additionally 2,500 litres of oil are produced, totaling 5,000 gallons per year. It is not immediately clear where this oil can be sold, but potential markets include fuel for the vehicle that runs on Jittoen, the diesel vessel that caters for inter-atoll travel on Ebon. Even though it is not a viable business in itself as described in Chapter 2, some excess oil can be sold to neighboring islands. It cannot be sold to Majuro as the price for coconut oil there is effectively $2 and would have to be sold at a loss.
Under the current circumstances on Ebon the observed price range appears to be competitive compared to the current sales price of a gallon of diesel on Ebon of US$6.95 per gallon.
 However, based on the cost of fuel on the outer island of Wotje and Jaluit of an estimated US$ 3.50 per gallon, MEC can probably get diesel to Ebon at a similar cost
.
There are of course other scenarios possible, for example in case the equipment would be donated and there would be no provisions for recovering the investment and/or maintenance. This is however not sustainable as the equipment would not be able to be replaced at its economic lifetime or when repair is necessary.

A community driven project where copra is donated by the population and people freely offer their labor can produce oil for the price of US$0.79. This is not a viable option because people would not get paid for the copra production and this community model has failed in other similar island environments.
The cost of coconut oil can be further offset by selling the copra cake. At a price of US$ 100 per tonne for copra cake, $0.35 per gallon of oil can be ‘recovered’. It remains a question however whether there is a sufficient market for copra cake on the island.
4.3.3 Government copra subsidies

The RMI Government provides subsidies to copra buyers such as Tobolar. A coconut oil producing mini mill on Ebon should be able to access these subsidies. Getting access to Government subsidies for copra will drive the production cost down significantly and is crucial to the success of rural coconut oil electrification. 
There may be issues to control subsidies payments for copra buyers on outer islands. To ensure an adequate regulatory environment is in place, the Government could agree to a control system for atoll island coconut oil mills. The mini mill operator could request copra subsidies on a specific quota in line with the expected production of oil on the island, for example based on kWh consumed by RESCO. This quota could be verified with the amount of oil purchased by RESCO on Ebon.
The mini mill would purchase copra from households on Ebon for US$0.15 and would receive the subsidy from the government. How the actual cash transfers are organized will affect the operations and cash flows of the mini mill. This will have to be agreed upon with the relevant Government authorities in Majuro.
4.3.4 Setting the price of coconut oil on Ebon
There are two factors which determine the sales price of coconut oil on Ebon, the cost price of producing the oil and the price of similar competitive products for sale on Ebon.

The Ebon retail price of coconut oil per gallon must be compared with the price of diesel imported by MEC. This study estimates that MEC imports diesel into Majuro for around US$2.00 per gallon. Landing the diesel on Ebon by MEC therefore cost an estimated US$3.50 or more per gallon
 . 
The Ebon retail price of coconut oil is also determined by the operating cost of the mini mill. The cost of producing a gallon of coconut oil is estimated at US$3.07 per gallon when subsidies are included using the subsidy scenario. When the sale of copra cake are included the cost price of oil is US$2.72 

The coconut oil retail price from the copra oil mini-mill on Ebon has been set at US$ 3.25 per gallon. This is based on a markup of 20% for the oil mill operation. Increasing the price of coconut oil on Ebon will affect the viability of the energy company operating on Ebon and therefore the price should remain $3.25 for this case study.
4.3.5 Coconut oil sales estimates
Coconut oil sales to RESCO are expected to amount to 1,839 gallons per year. And it is assumed that the mill can produce a few more gallons per year to sell on Ebon to households, totaling 661 gallons on an annual basis.
For the purpose of this study total coconut oil sales is estimated at 2,500 gallons per year. This amount of oil could increase when demand for electricity increases, fuel consumption by the generator increases, other uses of coconut oil fuel are found on the island (Boat, Car) or when the oil is sold to neighboring islands.
4.3.6 Profitability

The table below is an estimate of the profit and loss statement for the mini mill operations. 

Table 14 – Estimated Profit and Loss for a mini mill in US$ (Source: Survey)
	SALES
	 
	Total US$

	Oil sales
	 
	 

	gallons per year
	2500
	 

	Price per gallon
	$3.25
	 

	Total sales oil 
	 
	$8,125

	Copra cake sales
	 
	 

	KGs copra cake produced per gallon
	3.48
	 

	Total copra cake produced per year
	8,706
	 

	Price of copra cake
	$0.10
	 

	Total copra cake sales
	 
	$871

	Total Sales
	 
	$8,996

	 
	 
	 

	EXPENDITURES
	 
	 

	Cost of producing Gallon of oil (includes all production and maintenance costs and equipment depreciation)
	$3.07
	 

	Total Gallons produced
	2500
	 

	Total cost of producing oil
	 
	$7,670

	Total other costs
	 
	$500

	Total Expenditures
	 
	$8,170

	 
	 
	 

	Gross Profit / Loss before tax
	 
	$826


The estimated gross profit of US$ 826 is profit after all costs have been paid, since all other costs of producing the oil such as labour, repairs, replacement costs etc are already included in the cost of producing a gallon of oil. The mill operator is most likely part of the team producing oil and would therefore already receive wages (wages are included in the cost of producing oil). This US$826 would be net profit before tax for the mill operator. 

4.3.7 Conclusion
If the mini mill can access government copra subsidies and it is able to sell coconut oil to RESCO at a competitive price it is able to operate a sustainable mini mill.

4.4 Operating the oil mill
4.4.1 Choosing a oil mill operator

Mini oil mill facilities can be based anywhere on the island depending on who will operate the mill. 
A coconut oil operation can be owned and managed by individuals or groups as a community cooperative or privately. For example it could be a community project, a youth group project, a small business run by an individual or a family or as a partnership between two or more individuals or families. 

The operator of the mini mill must have business skills and technical skills. Experiences show that privately operated mini mills are in a better position to meet the criteria for the simple reason that their livelihoods depend on producing and selling the oil and maintaining a good relationship with the buyer. 

This is compared to community operated facilities which can be successful under very stringent management control by the village committee. The main reason for failure in community operated mini mills is lack of ownership and cash returns on labour invested, which is usually minimal or expected to be donated. Most community operated mills cease operations when breakdowns occur because of insufficient funds accumulated for repairs.
The ability of the producer, whether community or privately operated, to cover the costs of production is essential. The facility can not be operated on a loss making basis. Costs of operating the mill typically include raw materials, labour, overheads, repairs, replacement and emergency costs. Taking these costs into consideration automatically means that the operator must apply rigorous business management skills.

Regardless of who will own or operate the oil mill it is imperative that the operator is able to comply with quality criteria. It is therefore highly recommended that the mill is operated with stringent business principles.

An alternative way is for the Island Council to own the CNO facilities and to outsource its operations to a private business, a family or community group. On a small island this may create social problems and it would require strict contractual obligations for both parties with arbitration guidelines. 

4.4.2 Equity or sweat contribution

It is common practice to expect the potential operator of the mini mill to invest in the mill. The operator will be required to contribute cash or in kind such as labour, land, building and or building materials and other relevant equipment of value.
The facilities should comprise of a production building, a storage shed, the mill and a small generator (powered by coconut oil of course). 
4.4.3 Conclusion

It is recommended to allow a private operator to invest in and operate the mini mill on an outer atoll. However under certain circumstances a mini mill could be operated by the community.
4.5 Energy company on Ebon 
4.5.1 Operating an energy company on Ebon

Discussions with MEC have resulted in preliminary interest of MEC to operate the electricity generator on Ebon. Generally MEC is interested in participating in the introduction of generators using coconut oil with the potential to use coconut oil fueled generators on most atoll islands as this could positively contribute to improving MEC operations on outer islands. As a result MEC has actively participated in the preparation of this paper.
MEC has experience and knowledge in operating a mini grid and genset on an atoll, such as Rongrong atoll.  
MEC has shown interest in participating in setting up the generator facility and installing the mini grid. Furthermore MEC would manage the installation of meter boxes and be responsible for collection of payments from customers.
MEC would employ and train staff on Ebon. The genset may need to be serviced by an experience technician. Details of operations and costing will need to be verified by MEC.
4.5.2 Choice of generators
Based on evidence provided in a previous section it is extremely important to choose an appropriate generator which will perform well on coconut oil on a remote outer island. The technology must be able to run on coconut oil and should be low tech technology.
In addition to the technology and skill requirements the size of the generator is determined by the expected consumption patterns of the community. Low demand for electricity is expected during the first year of supplying grid electricity to the community. This is normal under the circumstances where households do not own electrical appliances. Over a period of time more households will acquire appliances and energy consumption will rise.

Based on the assumption made by the team, RESCO is expected to install a smaller generator first, possibly a 20 kVA generator, followed by a 30 of 35 kVA generator when consumption is higher.  The 20 kVA generator will be operated at first until peak demand exceeds electricity supply for the small generator. The small generator will be replaced with a larger generator and the small generator can be used as back up generator when the larger generator is undergoing servicing or repairs.

4.5.3 Managing the generator and grid
RESCO will be responsible for managing the electricity production on Ebon. The operation will include the following infrastructure in Table 15:
	Table 15: Estimated investment costs for a generator facility (Source: Survey)

	Equipment
	Estimated Cost US$

	20 KVA Generator
	US$15,000

	30 KVA Generator
	US$30,000

	Generator facility
	US$15,000

	General Storage 
	US$15,000

	Fuel storage
	US$  5,000

	Total Investment Cost
	US$80,000


NEED TO ADD GRID COST ESTIMATE FROM MEC FOR JITTOEN

4.5.4 Community electricity grid scenario

On Jittoen (and Toka) it is possible to construct a small community grid to houses and buildings within a radius of two miles from the generator. This means power can be supplied from a centralized generator to houses and other buildings including school, community hall, churches, shops and other community groups and businesses. The cost of installing a grid will need to be determined and is expected to be substantial.

The generator would not operate on a 24 hour bases but instead operate at regular intervals during the day. Typically electricity would be supplied for six hours daily.
The electricity grid system can be used in combination with household solar power scheme and households can also connect and charge 12 Volt batteries for use of 12V lights when the generator is off.

4.6 Viability analysis of energy company
4.6.1 Electricity consumption on Ebon
The level of electricity consumption for Jittoen depends on the number of households, businesses, government buildings and community buildings and the number of electrical appliances available and the ability to pay for electricity. Demand for electricity is expected to be low during first year but will steadily increase when consumers acquire appliances. 

Table 16 below represents the customer base identified on Jittoen. It is estimated that 41 households and a number of other community and government buildings and businesses will be connected to the mini grid.
Table 16: Expected electricity consumption on Jittoen Islet (Source: Survey)
	Expected consumption

Potential customers on Jittoen
	No. of HH and customers in income group on Jittoen
	Expected kWh able to consume and afford per day per customer
	Expected kWh able to consume and afford per day per customer group
	Expected  kWh able to consume and afford per month 

	Households (<$1000/year)
	22
	0.27
	5.8
	177

	Households (Betw $1000 and $4999)
	13
	0.90
	11.3
	343

	Households (Betw $5000 and $9999)
	4
	1.80
	7.9
	240

	Households (over $10,000/ year)
	2
	3.38
	5.3
	161

	School 

	1
	1.35
	1.4
	41

	Large Shop
	1
	5.41
	5.4
	165

	Small Shop
	1
	0.54
	0.5
	16

	Small business
	1
	0.54
	0.5
	16

	Government
	1
	2.71
	2.7
	82

	Church
	2
	0.54
	1.1
	33

	Other potential customers 
	1
	0.00
	0
	0

	Total expected consumption based on affordability
	
	
	41.9
	1275


Table 16 shows an average daily consumption of approximately 42kWh per day based on the community’s ability to pay for electricity. 

Cost of generating electricity on Ebon

Table 17 below provides an overview of costs associated with operating a generator on an atoll. Based on approximately 42 kWh consumption and 6 hour per day generator operation, the cost of producing 1 kWh is US$1.10. 
Table 17: Cost of producing electricity on Jittoen (Source: Survey)
	 
	per unit cost / month
	# units  or gallons
	Total costs per month'

	Expenditures / Operational costs
	 
	 
	 

	Variable costs
	 
	 
	 

	Labour
	 
	 
	 

	Technician / electrician (part time)
	$480
	1
	$480

	Biofuel
	 
	 
	 

	Expected demand for electricity in kWh per day
	42
	 
	 

	Coconut biofuel consumption (Gallons) per month 
	 
	153
	 

	Cost of coconut oil fuel per month in gallons
	$3.25
	
	$498

	Lubricants and filters etc
	$100
	1
	$100

	Monthly parts maintenance
	$100
	1
	$100

	Emergency repairs
	$50
	1
	$50

	total variable costs per month
	 
	 
	$1,228

	Fixed costs
	 
	 
	 

	Generator replacement costs or depreciation
	$30,000
	5%
	$125

	Building replacement costs 
	$35,000
	2%
	$58

	total Fixed Costs
	 
	 
	$183

	Total expected costs per month
	 
	 
	$1,411

	Total expected costs per year
	 
	12
	$16,935

	Number of kWh consumed per year
	365
	 
	15,330

	Cost per kWh
	 
	 
	$1.10


The sales price is proposed to be US$ 1.22, taking into account an operating margin of 10% for the Energy Service Company.
As in other remote islands electrification is subsidised, similar subsidies could be considered for Jittoen to make electricity more affordable. 

4.6.2 Paying for electricity

Customers are expected to pay for electricity. This is normally done in cash. If the electricity bill is not paid, disconnection will take place. Disconnections are not good for the electricity provider, because it means less consumption.
The point here is not to provide a service of which it is known to be too expensive. This is to be avoided at all costs.

A possibility is for households to pay for electricity with copra. A customer would sell the copra to RESCO to pay the bill and receive US$0.15 per pound from RESCO. RESCO would sell this copra to the oil mill to pay for the purchase of oil for the generator.

Example: Household Y has a US$15 electricity bill this month
If Household Y wanted to pay the entire electricity bill of US$15 with copra, they would have to give RESCO 100 pounds of copra or 1 bag of copra. 
If household Y would like to pay US$7.50 in cash and US$7.50 in copra, they would need to give US$7.50 equivalent or 50 pounds of copra or ½  bag of copra to RESCO. 

The limitation of this method of transaction is to ensure that RESCO, the mill operator and the households receive cash at some stage to ensure sufficient cash for other expenditures. Therefore copra for electricity can only be uses as a part payment, for example not more then 50% of the total electricity bill.
4.6.3 Cost of electricity

A household operating a number of lights, a TV/DVD and one white good is expected to consume around 30 kWh per month (1kWh per day). Based on Majuro electricity prices of US$0.20 per kWh, the household electricity bill would amount to US$6.00 per month. It is assumed that the kWh price on Majuro is supplied to consumers below cost.

The cost of electricity on an outer island is higher then on Majuro. Assuming that the cost of buying one kWh is US$1.22 on Ebon then a household consuming 30kWh per month would expect an electricity bill of US$36.60 per month.

Given the current income patterns, some households will consume less kWh and others will consume more.

The electricity provider must determine whether it can operate profitably with the existing customer group on Jittoen Islet.

In light of the income patterns on Ebon it is not realistic to expect all people to consume 1kWh per day and pay a minimum of US$36.30 electricity bill per month. 
In order to determine revenue from sale of electricity units it must be determined what households can afford, hence what is the household’s ability to pay for electricity. 
In this analysis it is assumed that the lowest income household will spent 15% of household income
 on energy and the other households will on average spent 10% of household income on lights and other energy uses. Table 19 shows an estimate of the household ability to pay for electricity.

Table 19: Ability to pay for electricity on Jittoen Islet (Source: Survey)
	Potential customers on Jittoen
	No. of HH and customers in income group on jittoen
	Expected Average HH monthly income Jittoen (80% of max in range)
	% of income a HH willing to spent on electricity (assumption)
	Ability to pay based on % of income or expected consumption per customer.

	Households (<$1000/year)
	22
	$67
	15%
	$10

	Households (Betw $1000 and $4999)
	13
	$333
	10%
	$33

	Households (Betw $5000 and $9999)
	4
	$667
	10%
	$67

	Households (over $10,000/ year)
	2
	$1,250
	10%
	$125


The lowest income group on Jittoen would be able to spent US$10.00 per month on electricity.
 And the second lowest income group $33 on average. 

The question remains on how much electricity a household would be able to consume for this amount of money given the cost of electricity is US$1.22 per kWh on Ebon. Table 18 shows the estimated electricity demand per household income group based on ability to pay for electricity.
Table 20: Estimated demand for electricity based on ability to pay (Source: Survey)
	Potential customers on Jittoen
	Electr. price per kWh
	No. of HH and customers in income group on jittoen
	Ability to pay based on % of income or expected consumption per Cust.
	Max. kWh per month able to consume for Cust. group
	Max kWh per day able to consume per Cust.
	Max watt per day able to consume per Cust.

	Households (<$1000/year)
	$1.22
	22
	$10
	177
	0.27
	271

	Households (Betw $1000 and $4999)
	$1.22
	13
	$33
	343
	0.90
	902

	Households (Betw $5000 and $9999)
	$1.22
	4
	$67
	240
	1.80
	1803

	Households (over $10,000/ year)
	$1.22
	2
	$125
	161
	3.38
	3382

	School 

	$1.22
	1
	$50
	41
	1.35
	1353

	Large Shop
	$1.22
	1
	$222
	165
	5.41
	5411

	Small Shop
	$1.22
	1
	$56
	16
	0.54
	541

	Small business
	$1.22
	1
	$56
	16
	0.54
	541

	Government
	$1.22
	1
	$111
	82
	2.71
	2705

	Church
	$1.22
	2
	$56
	33
	0.54
	541

	Other potential customers 
	$1.22
	1
	 
	0
	0.00
	0

	Total expected consumption based on affordability
	
	
	 
	1275
	
	 


The results show that the lowest income group can afford 271 Watt per day which means the household is still able to light up the house with a number of energy saver lights and some (small) electric appliances.
A final analysis must be done to determine whether the RESCO is able to operate at a profit or at least break even given the population’s ability to pay for electricity. Table 21 below shows expected revenue for the energy company based on the customers ability to pay.

Table 21 : RESCO potential revenue based on ability to pay (Source: Survey)
	Potential customers on Jittoen
	No. of HH and customers in income group on Jittoen
	Expected price per kWh from Energy company model
	Ability to pay based on % of income or expected consumption per Customer group
	Total expected income based on ability to pay per Customer group
	Max watt able to consume per day per Customer group

	Households (<$1000/year)
	22
	$1.22
	$10
	$216
	150

	Households (Betw $1000 and $4999)
	13
	$1.22
	$33
	$417
	499

	Households (Betw $5000 and $9999)
	4
	$1.22
	$67
	$292
	999

	Households (over $10,000/ year)
	2
	$1.22
	$125
	$195
	1,499

	School
	1
	$1.22
	$50
	$50
	1,000

	Large Shop
	1
	$1.22
	$222
	$200
	4,000

	Small Shop
	1
	$1.22
	$56
	$20
	1,000

	Small business
	1
	$1.22
	$56
	$20
	1,000

	Government
	1
	$1.22
	$111
	$100
	2,000

	Church
	2
	$1.22
	$56
	$40
	1,000

	Other potential customers 
	0
	$1.22
	 
	$0
	 

	Total expected consumption based on affordability
	47
	
	 
	$1,549
	 

	Total Per year
	 
	 
	 
	$18,589
	 


Table 20 shows that the Energy Service Company can make US$ 1,549 per month or US$18,589 in sales per year. The profit and loss estimates will determine whether the company can break even or make a profit from operations on Ebon.
Based on these assumptions with a kWh price of US$1.22, an energy company on Jittoen Islet would be able to break even. However the actual costs of operating an energy company on an atoll will need to be verified by MEC.

The above analysis is based on a number of assumptions. In order to get the true picture of viability of operating a energy company on Jittoen atoll using coconut oil bio fuel, the assumptions must be verified. 

4.6.4 Conclusion

The analysis shows that people can afford to pay for electricity at various consumption levels.  The consumption estimates are conservative and the household income estimates are conservative. Perhaps the ability to pay for electricity is higher on Jittoen and the energy company will sell more kWh.
This particular result shows that it is possible to operate an energy company on a break even basis. An energy demand survey could provide greater detail of demand for electricity and ability to pay for electricity.

Importantly the lowest income households could get access to basic lights at the same price PV solar provides households, whilst other consumers on the atoll will have access to grid electricity, with the potential to improve livelihoods significantly.
5 Conclusions
General

(i) The Government of RMI is actively implementing its progressive rural electrification policy. As an additional option to PV solar electrification, bio fuel electrification can provide more power but also requires a higher degree of community organisation.
(ii) Inhabitants of outer islands such as Ebon atoll perceive grid electricity as an important step forward in their standard of living.
Coconut oil production

(iii) Producing coconut oil for bio fuel on an outer atoll using proven technology is possible. 
(iv) There are sufficient coconut resources on Ebon Atoll to supply a mini mill on Ebon and simultaneously export copra to Majuro. 
(v) A mini mill with refinery is able to produce bio fuel on the atoll below the price of imported diesel. 
(vi) A coconut mini mill operation can be viable on an outer island if the oil is sold on the island to an energy provider and Government copra subsidies are included. 
(vii) Producing oil for export to Majuro is not economical through the small scale of the operation and the high transport costs to Majuro.
Energy supply

(viii) MEC has shown considerable interest in developing coconut oil generators on outer atolls.
(ix) Setting up an energy company on Ebon could be possible. The energy company could operate on a break even basis or with relatively small subsidies. 
(x) The investment costs of an atoll mini electricity grid are high but not very different from the RMI Government rural electrification investments under the PV solar policy.

(xi) With a coconut oil powered mini grid on an atoll, households will have the opportunity to use generator power. Very low income households can limit electricity use to a few lights, improving livelihoods whilst maintaining consumption at an affordable level.

6 Recommendations 
(to be completed after consultations with stakeholders)
1. An energy survey must be undertaken on Ebon and other atolls in RMI to verify the assumptions on energy demand and ability to pay.

2. This document should be summarized and possibly translated and circulated on Jittoen Islet to receive feedback from the community to be included in any energy programme on the atoll.

3. The partners must review the report and if acceptable prepare a project document for submission to donors.
4. Discussions should take place at the Government of RMI to consider including outer atoll coconut oil electrification and outer atoll coconut oil production copra subsidies in the Government’s Outer Island Electrification Policy. 
7 Other scenarios
There are a number of scenarios which could be further analyzed.
7.1 Scenario: Limited Community Grid

Developing a limited community grid means power is generated at a central location and supplied to key government and community buildings and a number of houses in the vicinity of the generator (radius of 200 meters). An Coconut Oil Expeller would be introduced in the community.
A small community grid means power can be supplied from a centralized generator to key buildings including school, community hall, church, shops and surrounding houses and has ability to provide community area with electricity for operating appliances such as fridges, washing machines, sewing machines, powertools etc

This scenario can combine access to generator power to all community members at a central location with individual household solar power scheme.
7.2 Scenario: Promote individual household generators on coconut oil
Test and develop small household generator systems which run efficiently on coconut oil and introduce coconut oil expeller on the atoll. This option would give households to choice of power source and part of the investment would be made by the households instead of the Government or Donors. This scenario can combine generators with solar power.
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Annex A: Terms of Reference for the pre feasibility study 
Objectives:

The overall objectives of the pre feasibility study are to look at ways to improve the living conditions of rural island populations by stimulating coconut activities which promote local value adding.

Specific objective is to determine whether it is feasible to use coconut products in power generation in rural communities in the Marshall Islands. This would support a strategy for import substitution and to enable this and other rural communities to participate in value-adding economic activities through job creation in the non-formal sector as well as improving and sustaining their livelihoods. A second specific objective is to determine the impact that the local production of coconut oil would have on inter-island shipping.

Expected outputs:

1. A business model for local cost efficient production of coconut oil fuel as a diesel replacement on  Jaluit, Wotje and Rongrong

2. A Feasibility Study on the establishment of a sustainable copra oil-powered generator and a small scale oil extraction unit in the atoll of Ebon in the Marshall Islands. The mini mill will be expected to produce:

· Rural electrification, higher energy independence and lower real energy costs

· Greater local added value, better returns on crops and greater diversification 

· Renewable of interest in coconut products and rehabilitation of coconut groves

· Less GHG and protect the environment 

· Better balance of trade, locally and nationally

· Direct and induced domestic informal-sector job creation

· Benchmark sites for similar projects in the region    

· Reduce the tendency for urban drift

3. A strategy to develop a refined policy framework and institutional arrangements necessary for the widespread adoption of bio-fuel for providing electrification to rural communities,

4. A strategy to increase awareness among the general public, especially decision makers, consumers, and other end-users on the potential role of bio-fuel in meeting the basic energy needs of rural communities,

5. A strategy to strengthen the private sector working in the energy sector to provide better quality service and to develop models for providing bio-fuel based electricity services in rural areas 

Specific Tasks:

· Assess the capacity and needs of Renewable Energy in three outer atolls of the Marshall Islands, namely Jaluit, Wotje and Ebon with respect to their technical standards and business management, and design a strategy to build this capacity 

· Conduct an assessment on the feasibility of establishing a copra oil powered generator and a small scale extraction unit in three atolls in the Marshall islands, namely Jaluit, Wotje and Ebon, 

· The feasibility study should include and assessment of the following components:

· Analyse the supply chain of coconuts and/or copra to operate the mini mill;

· Advise on technology options to produce the coconut oil, preferably integrated with the power generation;

· Identify the most appropriate technology options to utilise coconut oil in power generation compression ignition engines.

· Assess the levelised cost of energy for a sustainable Rural Energy Service Company (RESCO);

· Assess the impact of local coconut oil production on inter-island trade including frequency, loading of boats, the use of coconut oil as a boat fuel;

· Advise on a strategy for the incorporation of the Government subsidy on copra production on the operation of the mill.

· assess the capacity of the local energy provider and/or retailers for the purpose of identifying a suitable long term implementing partner,

· identify barriers to entry in promoting strategies for rural electrification and recommend actions for eliminating these barriers

· Develop a sustainable business model   with suggestions for appropriate implementation arrangements;

· Identify appropriate funding sources and arrangements for electricity grid and house wiring installations. 

· Produce a project strategy in UNDP format which includes a detailed results and resources framework and overall work plan of establishing a copra oil powered generator and a small scale extraction unit in three atolls in the Marshall islands, namely Jaluit, Wotje and Ebon, 

· Present outcomes of the proposed strategy to civil society and relevant Government authority for feedback and approval; and

· Advise UNDP on appropriate/possible resource mobilization strategy

Annex B: Conversion factors

	List of Conversion Factors

	Conversion Factor
	
	Value

	
	
	

	Energy Content Coconut/Diesel (volume)
	
	1.08

	Density of copra oil [kg/l]
	
	0.915

	Extraction rate of copra oil mill [%]
	
	60

	Coconut Conversion Factors (1,000 Coconuts)

	Coconut Product
	Weight [lbs]           tons
	Weight [metric tonnes]

	Coconut
	2646                  1.323
	1.2

	Husks
	860                    0.430
	0.39

	Shells
	375                    0.187
	0.17

	Cocowater
	529                    0.265
	0.24

	Green Copra
	816                    0.408
	0.37

	Dry Copra
	441                    0.221
	0.2

	Copra Meal
	176                    0.088
	0.08

	Copra Oil
	265                    0.132
	0.12

	1 m3 copra
	1169                  0.584
	0.53

	1m3 copra meal
	1036                  0.518
	0.47

	Metric to Imperial

	Weight
	1.102 short tons / metric tonne
	907.4 kg / ton

	Weight
	2.205 lb / kg
	0.454 kg / lb

	Volume
	0.264 litre / gallon
	3.875 litres / gallon

	
	
	

	
	
	


All tons in this report are short tons, equaling 2,000 lbs.

Annex C: Copra Production per Atoll / Island in RMI
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Figure 4: Solar PV system (Source: SEC Kiribati)





Figure 3: A 3 kW Diesel Genset from China operating in Majuro (Source: Survey) 





Figure 9: Copra Cutter (Source: Tinytech.com)
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Figure 5: Biofuel Options for Compression Engines (Source: [1])





Figure 6: Dual fuel system with extra fuel pump, storage and filter in Fiji (Source: SOPAC)





Figure 7: Average coconut oil and diesel prices in the Pacific 1960 - 2006 (Source: [13])





Figure 10: Grated coconut drying for DME processing (Source: SOPAC)





Figure 11: DME press with oil produced (Source: SOPAC)





Copra drying on Ebon Atoll – picture on front page: Jittoen sunset (Picture: Roderic Evers)
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� To be confirmed using MEC costings


� (source UNDP PA Project Document and Terms of Reference)


�  - RMI 1999 Census (EPPSO to provide latest statistics)


� Check subsidy amounts with RMI government


� Based on a world market price of US$200 per short ton


� Check with MEC


� 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 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.


� See also “Copra Oil as a biofuel in Pacific Islands – Challenges and Opportunities” (SOPAC, 2004)


� 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.


� Source: EMA Engine Manufacturers Association “Technical statement on the use of biodiesel fuel in compression ignition engines” (2003)


� During the visit the regulated copra price was 13 ¢/lb and had been increased by the Nitijela to 15 ¢/lb.


� Based on a production cost of US$ 0.80 per gallon. The value of the cake produced has not been taken into account.


� MEC is in the process of operating one of their air-cooled 15 kW Hätz Engine on Rongrong on coconut oil produced by Tobolar. 


� Insert latest demographic from EPPSO


� Based on 6 coconuts per HH per day


� At 55% extraction rate of a small scale mill


� Diesel equivalent price


� One gallon of diesel has the same energy content as 1.08 gallon of coconut oil


� Rough production estimate


� Apart from selling the oil to MEC the mill can also sell the oil for a number of other purposes to the community, such as cooking oil and body oil which could contribute to sales. These sales are expected to be small. 





� This assumption is based on 1 kWh per household per day on average; this included usage by households, businesses, shops, schools and churches. 


� The price of US$6.95 per gallon may change as a result of competition and change in world oil market prices.


� CHECK WITH MEC FOR COSTS


� Based on information from Wotje and Jaluit, however Ebon will consume less volume therefore the price per gallon is higher. (check these costs such as transport to ebon and return of empty drum with MEC)


� US$2,45 production cost plus US$0.25 overheads





� If the mini mill operates without any subsidies the cost of producing a gallon of coconut oil is estimated at US$ 4.28. With overheads the cost of producing a gallon of oil would amount to US$4.48. The retail price of coconut oil will be US$5.38. MEC may not be willing to purchase the oil at this price because it is possibly more expensive than shipping diesel to Ebon and the mill would not be viable.


� The grid installation on Rongrong cost US$.... (to be taken from MEC records)


� Estimated ability to pay and electricity consumption for School, shops and businesses, Government, churches and other potential customers


� Refer to annex D table: customers expected demand vs ability to pay


� Check with MEC for monthly averages


� This is assumed to be in line with the current energy expenditures of households on kerosene and batteries; an Ebon energy survey will need to confirm this.


� This amount of US$10 needs to be verified but should be close to the amount spent on kerosene, batteries and other energy sources


� Estimated ability to pay and electricity consumption for School, shops and businesses, Government, churches and other potential customers
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