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	TERM
	DEFINITION

	Biofuel
	Biodiesel, bio-ethanol and other fuels that are produced from biomass, animal fats, waste cooking oil (WCO) and other mainly used with vehicle, engines, for heat and electricity generation in accordance with national biofuel  standard.

	Biofuel feedstock
	Biofuel feedstock is the farm/non-farm stock that can be converted to biodiesel and bioethanol

	Bio-ethanol
	C2H2OH which is produced from agricultural plants and other bio sources,

	
Biodiesel
	Biofuel which is produced from oily plants, animal fats, waste cooking oil, wastes, and other biomass that are processed into fuel that can be blended with diesel oil. Biodiesel is a renewable fuel consists of fatty acid methyl esters (derived through transesterification of vegetable oils, animal fat and also recycles oil from the food industry with methanol.

	Biofuel Company
	Company that produces, processes, and distributes the biofuel products

	Biodiesel (B5, B10)
	Diesel fuel that has been blended with biodiesel in the ratio of 95 and 90 percent and 5 and 10 percent biodiesel respectively;

	Bioethanol (E5, E10)
	Gasoline that has been blended with ethanol at the ratio of 95 and 90 percent and 5 and 10 percent bioethanol respectively

	Biofuel Feedstock Producer
	Biofuel feedstock producers are farmers or other entities who are engaged in producing feedstock for biofuel production

	Bio-energy
	Bio-energy is the conversion of biomass resources such as agricultural and forest residues, organic municipal waste and energy crops into useful energy carriers including heat, electricity and transport fuels.









[bookmark: _Toc456816715]Abbreviations
	B-5,B-10, B-100
	Biodiesel-5%, Biodiesel-10%, Biodiesel-100%,

	CNG
	Compressed Natural Gas

	CNO 
	Coconut Oil

	DME
	Dimethyl ether

	DoE
	Department of Energy

	E-5, E-10, E-100
	Ethanol-5%, Ethanol-10%, Ethanol-100%,

	EHS
	Environment Health and Safety

	EU
	European Union 

	FFA
	free fatty acid

	FJ$
	Fijian Dollar

	FSC
	Fiji Sugar Corporation

	GJ
	giga joules

	IFC
	International Financial Corporation

	NFPA
	National Fire Protection Association

	TLTB
	iTaukei Land Trust Board

	USA
	United States of America

	USD
	United Stated Dollar
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1. [bookmark: _Toc456816717] (
Action Area 1
)Feedstock production
[bookmark: _Toc456816718]Status of biofuel feedstock
[bookmark: _Toc369630983]Fiji would require approximately 50 million liters of biodiesel and about 20 million litres of ethanol (refer the status report on ‘Development of National Biofuel Policy in Fiji- Context and Status’) by 2030 to meet the 10% biofuel blending targets.
The country has already progressed towards introducing biofuel in the energy mix. The Fiji Sugarcane Corporation (FSC) is currently working with the Department of Energy (DoE) to establish an ethanol production facility at Rarawai mill. To be commissioned by the end of 2016, the mill has the capacity to produce ~13 million litres of ethanol annually[footnoteRef:1].  [1:  http://www.fdoe.gov.fj/index.php/energy-security/biofuel/ethanol-production] 

On biodiesel front there are several experiments around coconut which are supported by DoE, currently producing CNO, such units supply oil to the communities. Presidio Pacific Palm Limited has leased land for raising nursery and is in advance discussions with iTaukei Land Trust Board (TLTB) for leasing 10,000 ha of plantation land. Further, the company has plans to lease another 7,000 ha from third party planting mode. The only existing commercial project designed with biofuel business is by Biofuel International and it plans to start producing biofuel from pongamia by 2016. The company has planted more than 250,000 pongamia trees and plans to expand to 100,000 ha of plantation.
[bookmark: _Toc456816719]Feedstock challenges in Fiji
Biodiesel feedstock: Productivity concerns 
Exiting biodiesel feedstock options including coconut, pongamia and palm were analyzed on production, productivity through primary and secondary research. Pongamia is a new crop and has not started yielding fruits commercially. Similarly, jatropha too is grown on small sample plots with productivity results unknown and no information on palm productivity and production is available. The supplies of copra is under pressure due to issues related to plantation productivity as a large percentage of plantation is very old (refer the status report on ‘Development of National Biofuel Policy in Fiji- Context and Status’).
Bioethanol feedstock: Productivity concerns 
Among the bio-ethanol species, sugarcane is grown in large tracts. There is high economic dependency of farmers and industry on sugarcane crop hence it’s not marred with productivity and production concerns as  its grown on fertile farm land and farmers/industry ensure all necessary inputs required to support the crop. In addition the FSC also provides research and extension support to sugarcane farming. 
The other bio-ethanol crops are maize and cassava, the net production of both the crops have although risen in the country but the productivity remains low.
[bookmark: _Toc456816720]Next steps
Fiji has vast tracts of agriculture and forestry resources having the potential of providing enough feedstock to the biofuel industry to meet country’s biofuel requirement. The potential feedstock can be divided into three broad categories (refer to Table 1); depending on the biofuel stream opted by the country.
[bookmark: _Toc456816763]Table 1: Potential biofuel feedstock (representative list)
	Conventional Feedstock
	Cellulosic feedstock
	Advanced biofuels

	Oil seeds
	Agriculture crops
	Algae

	Corn and other starch
	Forest residue, other waste
	

	Sugarcane
	Energy crops
	



Current biofuel feedstock options in the country are dependent on conventional agriculture and forestry management practices, which are not the most efficient processes. E.g. the copra processing and drying is predominantly carried out using crude ovens. Also the current biofuel feedstock production systems are fully food crop centric (coconut and sugarcane); there is already action in this regard as pongamia plantations are promoted. 

Action areas identified:
· Research and development for identification of appropriate plant material suited in Fiji agro-climatic conditions 
· Logistical arrangement 
· Decision support mechanism
· Logistical arrangement
[bookmark: _Toc456816721]Action areas
Plant material development 
· Identify plant species for feedstock type selected for the program in collaboration with the agriculture department
· Evaluate the species for their suitability in Fiji climate and develop manual of water, nutrient requirement, and other treatment necessary for maximum feedstock production
· Accelerate proliferation of identified best species through agriculture extension programs and technical support
· Provide demonstration of the identified selected species.

Logistics for biofuel feedstock
· Develop densification technologies and strategies to facilitate cost effective transportation of bulky feedstock
· Develop decision support program to help biofuel feedstock producers (unprocessed and pre-processed) to reduce traffic and optimize on transportation cost
· Test technology for transporting material while keeping it safe from getting contaminated with water.

Monitoring concerns and tools
Geospatial tool for program management: Use of geospatial tool to identify the biofuel program in the country. Apart from other criteria, all the biofuel plantation and processing sites should be mapped on GIS[footnoteRef:2].  [2:  This information is essential for making business planning and decision making by the industry and the biofuel program planners] 

Conduct analysis to measure the impacts of biofuel program on the food system. This should include the direct and indirect impacts of the program on the food system of the country:
· Direct impact: arising from the diversion of labor and land towards production of biofuel feedstock
· Indirect impact: due to the changes in the economic condition of the target population.

Interministerial/ Interdepartmental/ coordination
A co-option of the concerned officials from the DoE need to be co-opted in the Ministry of Agriculture at the planning and execution levels to streamline the country’s biofuel program focused research and extension work. This would be possible if the DoE gets represented in the Ministry of Agriculture’s biofuel sector planning meetings and decision making.

Action points for biofuel species identification and dissemination
The DoE should form a committee along with the Agriculture department to develop feedstock development strategy. The committee should:
A. Develop an action plan for feedstock identification and research
1. Identify suitable feedstock for biofuel program 
2. Conduct feedstock cost studies 
B. Conduct impact study on the introduction of biofuel feedstock on the country’s food supply chains with specific focus on the rural areas
C. Develop an interagency network for sharing information on the promotion of biofuel feedstock production.


2. [bookmark: _Toc456816722] (
Action Area 2
)Feedstock logistics
Harvesting, processing, storing and transporting desired quantities of biofuel feedstock to the biofuel processing units require developing reliable logistical and robust trade mechanisms between the grower and the biofuel processing units. At present the only feedstock that is transported in bulk in the country is sugarcane, through a well established dedicated railroads system supported by a time-tested contractual arrangement between the sugarcane growers and the industry. The transportation of other major feedstock (copra) is not formally organized but is traded through a well established network.
The quantities of biofuel feedstock required to smoothly run the processing operations are quantified for different scales of biofuel processing units in Table 2.
[bookmark: _Toc456816764]Table 2: Plant capacity and biofuel feedstock requirement 
	Type of plant
	Plant capacity range and assumed hours of operations
	Biofuel feedstock quantity (oven dry/tonnes)

	Pilot ( small scale)
	15000-25000 L/Year (2000 hours of operation/annum)
	40-60

	Demonstration 
	40000-500000 L/Year (3000 hours of operation/annum)
	100-1200

	Pre-commercial
	1-4 ML/Year (4000 hours of operation/annum)
	2000-10000

	Commercial
	25-50 ML/Year (5000 hours of operation/annum)
	60000-120000



It’s clear from the above table that as the biofuel program in the country matures, large quantities of feedstock will be transported across the islands and facilities to keep the biofuel mills running. 
Supplying sufficient amount (amount estimated to ensure viability of processing plant) of biofuel feedstock of suitable quality will be a complex exercise.  The biofuel feedstock supply chain usually takes multiple years to mature, hence logistics will play a critical role in making or breaking the biofuel sector in the country. As the biofuel sector grows, the competition for feedstock will rise, hence mature logistical arrangements should be designed and implemented to reduce inefficiencies and ensure the economic viability of the biofuel sector.
[bookmark: _Toc456816723]Issues with biofuel feedstock supply chain
Biofuel feedstock and its transportation could constitute up to 80-90% of the cost of the biofuel produced. Hence every step of the biofuel supply chain need to be carefully planned to reduce the operational costs and maintain it within tolerable limits.
Shelf life of biofuel feedstock
The biodiesel feedstock has limited shelf life, and the oil content of the seed decreases with time (post harvesting). The storage conditions have implications on the energy content per unit load of the biofuel feedstock, especially true for oil seeds. 
Studies on jatropha seeds have proved that the better packed stock has high oil content, further the free fatty acid (FFA) in the seeds go up for seeds stored for long durations (it should be noted that the higher the FFA (free fatty acid) percentage, lower the oil recovery from the seeds (Sahay & Shyam, 2014)). The relationship between the duration of storage, quality of packaging and FFA in seeds is represented in Figure 1.

[image: http://www.omicsonline.com/open-access/JFRAimages/2090-4541-4-136-g001.gif]





[bookmark: _Toc456816888]Figure 1: Relationship between storage duration, packaging quality and FFA in jatropha oil
Transportation costs
The biofuel feedstock transportation costs are a significant component of the biofuel produced. Hence, any means of reducing the quantity of the feedstock transported while maintaining the biodiesel quantity can have implications on the biofuel prices. By reducing the moisture content of the biofuel feedstock (as is common for coconut, where the large percentage of trade happens of dried coconut, termed as ‘copra’), the energy content of the load that’s transported can be significantly increased. This way, as depicted in Figure 2, similar amount of biofuel can be derived from a lesser quantity of dried/semi-dried biofuel feedstock in comparison with the non-processed feedstock.
Reducing moisture content can also improve the shelf life of the biofuel feedstock (especially true for feedstock with high moisture content, e.g. coconut). 
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[bookmark: _Toc456816889]Figure 2: Moisture content and its impact on the energy derived from the feedstock  
Biofuel feedstock (semi) processing at the grower or at intermediary stage could help reduce the transportation costs as well as improve the shelf life of the feedstock. Thus improving the processing efficiency will result in the cost reduction of the biofuel produced.
Site selection
The country needs to develop supply chains that can provide the desired quantities of biofuel feedstock economically. Current harvesting, transport and storage systems are only developed for sugarcane and copra. Considering the Fiji Sugar Corporation’s (FSC) biofuel program, the ethanol production can be logistically supported by the existing network. But for other feedstock, infrastructure and processes need to be developed to support biofuel processing. 
Site selection is an important criterion for establishing biofuel processing facility. Fiji is an island nation, on an average the sea transport considered to the least costly transport mechanism for bulky items (see Annexure 1), it’s suggested that the biofuel processing facility be developed close to the ports to give the biofuel firms the advantage of sea transport. Similarly, all the fuel in the country is imported; all the fuel storage facilities are located close to the ports. Hence the proximity of the biofuel processing facilities to fuel storage system will reduce cost of transportation of biofuel to the energy company’s locations.
Considering the fact Fiji is an island nation, there is a clear cost advantage of establishing the biofuel feedstock processing infrastructure close to the shorelines. (i) Such locations are connected to roads (the road connectivity in main islands along shore lines is better compared to inlands), (ii) The major fuel storage infrastructure is close to ports.
[bookmark: _Toc456816724]Action areas
Technology interventions
Feedstock logistics: feedstock processing, transporting and storage is a business decision made by the investor.  The government can help the investors in searching for the most economic and effective logistical approach suitable for Fiji.
The major actions required are:
· Biofuel pre-processing techniques of the feedstock needs to be improved ( Research, Development and Deployment (RD&D))
· Biofuel feedstock pre-processing needs to be standardized and pricing mechanism developed ( similar to copra trading based on moisture content measurement)
· Packaging system to be standardized for enhanced shelf life and oil yield.
Infrastructure interventions
This again is a business decision taken by the investor (assuming government doesn’t own the biofuel business) based on the economics of acquiring the best suitable location for feedstock storage and for establishing biofuel processing unit.
Village level interventions
Depending on feedstock types, storage processes and infrastructure can be supported by the government targeting the welfare of the primary feedstock growers. The government can help growers design and install community level multipurpose storage facilities.


3. [bookmark: _Toc456816725] (
Action Area 3
)Feedstock processing and technology
[bookmark: _Toc425473301]Based on the current technology maturity, the biofuels can be divided into three broad categories, (i) conventional biofuels (the one derived from food and non-food crops); (ii) second-generation biofuels are derived from nonfood feedstocks but use advanced technical processes; (iii) Third-generation biofuels are derived from non-food feedstocks (same as 2nd generation biofuels) using chemical processes making the resultant fuel very similar to petroleum fuel.
The focus of this section (and this report) is on liquid biofuels that have already attained commercial production. 
Often referred to as first-generation liquid biofuel, the conventional biodiesel and bioethanol production is commercially introduced in most of the economies. 
Also new feedstock and advanced conversion techniques are being tested across countries to explore better fuel options. Several such biofuels that are sourced from different biomass are successfully ‘tested’ and are found to be suitable to be introduced in the transport sector. Such biofuels (also termed as second and third generation biofuels) have better transport sector compatibility (refer Annexure-II for more information) but are currently not commercially successful in comparison with first generation biofuel. Examples of such advance biofuels include algal biofuel, hydrogenated biofuel etc. But despite cost and scale disadvantage, multiple nations have introduced advanced biofuels in their energy system because of the future growth potential of such options and also due to high compatibility of such fuel with the transport system. The various advance fuel options are described in Table 3.
[bookmark: _Toc456816765]Table 3: Potential 3rd generation biofuels (Sams, Taylor, Saddler, & Mabbe, 2008)
	Biofuel option
	Description
	Compared to 
	Issues 

	Algal feedstock
	The oil extraction process from algae is based on the interesterification of triglycerides and is similar to extraction of biodiesel from any vegetable oil.
	Since some algae can have 50% of their mass in form of triglycerides, hence a micro algae oil yield can be 16 times higher than palm oil extraction from same area of land.
	Biofuel production cost is high

	Hydrogenated biodiesel
	Produced by converting triglycerides into high quality synthetic biodiesel by hydrogenating the oil.

	More stable than biodiesel, the oil can be mixed with any percentage of diesel
	-


	Dimethyl ether (DME)
	DME is a produced from coal, natural gas or other biomass 
	A liquid fuel that can be used in CNG driven vehicles
	Fiji currently has small CNG market for vehicles (sold only through 15 fuel dispensing stations)

	Pyrolysis diesel
	The pyrolysis diesel is obtained by quickly cooling the gases obtained from the pyrolysis process. 
	Low flashpoint and costly (corrosive resistant) storage facility is required for storing pyrolysis oil
	Pilot plants operating but commercial fuel production is still expensive

	Bio-n-butanol
	Butanol can be produced from fermentation of biomass and can be used as substitute to ethanol. 
It can be produced from conventional or lingo-cellulosic feedstocks and can be blended safely at high levels with both gasoline and diesel.
	It has better fuel quality as compared to ethanol
	-


[bookmark: _Toc456816726]Biofuel development continuum 
The research and market testing of the biofuels is a continuous activity. The biofuel maturity continuum for each of the biofuel option can be classified under four broad parameters, i.e. (i) biofuels that are still in the phase of basic and applied R&D, (ii) Biofuels that have passed on the R&D phase and are undergoing piloting and demonstration phase, (iii) biofuels that have reached early commercialization stage, introduced with government support, and (iv) biofuels that are have proven to be commercially viable.
Various biofuel options are mapped on the biofuel continuum parameter and are depicted in Figure 3.
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[bookmark: _Toc456816890]Figure 3: Maturity of different (liquid) biofuel pathways (as on 2013) (IRENA, 2013)
Production status of various ‘generations’ of biofuel
By the end of 2012, the global annual 1st generation biofuel production has reached 110 billion litres, and the advanced biofuel production capacity stood at 4.5 billion litres per year (over 100 plants operating) (IEA, 2013).
[bookmark: _Toc456816727]Comparative advantage of 1st generation biofuel and transition to advance biofuels
The cost of 1st generation biofuel has largely stabilized across globe and the fluctuations vary depending on feedstock prices and diesel/gasoline prices (refer to Section 4 of the report for detailed analysis). In cases of advanced (2nd generation and 3rd generation) biofuels, technology learning and other advancements may reduce the fuel prices considerably, making it commercially viable before 2020. But most studies indicate that the 1st generation biofuel will remain cheaper than the 2nd and 3rd generation biofuel in coming years (see Figure 2 below).
Extension from 1st generation biofuel program to advance biofuels: For biodiesel, derived from vegetable oil, the production process is well established. The graduation/transition from 1st generation biofuels to the advanced biofuels is a critical aspect. Studies carried  out in the United States have established that the extension of the 1st generation ethanol production facility to 2nd generation ethanol facility is smoother and bears fewer risks as major parts of the plant remain unchanged. Comparatively the biodiesel transition/ graduation (from 1st generation to advanced biofuel) is not easy (Wiesenthal, Christidis, Schade, & Leduc, 2007).  
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Conventional 
biofuel
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[bookmark: _Toc456816891]Figure 4: Biodiesel spectrum and project costs of various options for 2020 (IEA, 2013)
As is evident from the Figure 4, the sugarcane ethanol is the most cost competitive option. Also, in United States corn ethanol prices have remained lower than the gasoline prices for many years (refer to Figure 6).
Compared to bio-ethanol, biodiesel is a costlier option. With limited process related cost reductions possibility, the biodiesel prices are going to remain higher (compared to diesel) in coming years. 
The second generation liquid biofuels are currently the costliest option. At the current technology levels, the advanced biofuels are facing difficulty attaining cost parity with the diesel and gasoline. But with technological advancements (learning), it’s possible that the advanced biofuel may become cost-competitive with regular fuel (Cazzola, Morrison, Kaneko, Cuenot, Ghandi, & Fulton, 2013). Considering the fuel infrastructure and system compatibility of the advanced biofuel in comparison with the conventional biofuel, the economic cost of advanced biofuel can be lower than the current commercialized biofuel options. 
[bookmark: _Toc456816728]Biofuel option for Fiji
A number of biofuel technologies are fully developed for commercial usage. Other technologies are piloted and demonstrated but are yet to reach the commercial level of operations. 
The 1st generation biofuels is still a priority in Fiji. Almost all the existing projects, interventions are designed around feedstock that’s produced from food crops (e.g. coconut and sugarcane).  The options considered for the country include:
1. Biodiesel: Produced from vegetable oils, at times consumed in untreated raw form (mixed with diesel) to run the diesel engines.
2. Bioethanol: produced from sugar producing plants (in Fiji, from sugarcane) and is used as a substitute for gasoline. 
Major lessons for Fiji are:
1. Investment in the 1st generation biofuel should be the priority for the nation. Considering the progress made and cost advantage, ease of transition to advance order biofuels, ‘ethanol’ production should be considered for biofuel program.
2. The biodiesel program in the country is still in nascent stage, hence the country should adopt a go-slow policy for biodiesel program during the initial years.
3. Biodiesel pilot programs should be designed and launched to test the market and system readiness
4. New technologies and processes are under process of development, the second generation biofuel options are being tested and piloted.  Country cannot ignore advance biofuel options, hence the R&D focus should be on analyzing the options available. The new technology and options need to be regularly assessed for developing future applications.
[bookmark: _Toc456816729]Action areas
Feedstock production is critical implications on the country’s biofuel program require actions that can boost the sector performance. The following critical action points are identified:
· Demonstrate the productivity performance of the species identified as feedstock for Fiji biofuel program. Field trials of the selected species would be required to test and demonstrate the various varieties for their suitability in the country’s weather conditions.
· Genetic modified and hybrids of certain feedstock varieties could help develop necessary characteristics required to improve the biofuel yield thus improving the biofuel extraction process efficiency. In addition, the varieties that are less susceptible to diseases/insects can be identified and developed.
· Research to identify processes and technology that can help reduce the preprocessing cost of the feedstock. Particularly applied to feedstock where drying and oil extraction can take place at the farmer level.
· Research and identification of processes and technology that can improve the conversion characteristics and biofuel yield of the feedstock. Biotechnology options focusing on the plant’s oil bearing characteristic should be tried.
· Payment mechanisms that are simple yet ensure fairness should be devised (taking cue from the moisture testing based payment for copra, devices could be identified).
· R&D focus:

· The country should support R&D at the local universities to develop knowledge on the advanced biofuel appropriate for the country. Learning from the global experiments and how it can be translated into experiments in the country leading to a biofuel sector transformation in future.
· Fiji being a small country, it’s required that the technologies are modified to make them economically viable on smaller scale. 
The technology options for biofuel production depend on the biofuel feedstock available for biofuel production. Further, the technology choice also depends on the local efficiency, environmental regulations. The conversion technologies exist to accommodate to the feedstock material. 
[bookmark: _Toc456816730]Next steps
A number of technologies are fully developed, tested in the developed countries, and available for commercial production. Such technologies should be identified and prescribed for the industry in the country.
Biofuel being a dynamic sector, new technologies and developed processes continue to develop (across globe). The advanced biofuels should be regularly accessed for checking their appropriateness for application in Fiji.




4. [bookmark: _Toc369638070][bookmark: _Toc456816731] (
Action Area 4
)Biofuel economics and state support (Subsidy decision)
Fiji biofuel sector firms/players two set of uncertainties; (i) government policies and (ii) growth and profitability of the biofuel sector. 
The policy aspects are addressed in report titled ‘National Biofuel Policy of Fiji-2016’. As established in previous sections, the biofuels are costlier than regular gasoline and diesel. The government through its biofuel promotion strategy would have to decide on the relevant mechanism that re-distributes the burden of the biofuel program and ensures that the benefits are realized by a wider set of stakeholders.

[bookmark: _Toc456816732]Biofuel economics
Since Fiji biofuel programme is still at its infancy, the information for economic analysis is borrowed from other markets and translated to Fiji’s context.
To analyze and display this relationship, the prices for E-85 and B-100 from United States’ markets for the period 2007-2016 are compiled and analyzed, plotted against the diesel, gasoline and crude prices for the same period.
Figure 6 provides relationship between the global crude prices and the blended fuels (E85, B20) and biodiesel (B100) and gasoline and diesel prices in the United States markets. The period for which analysis is carried out (March 2007 to April 2016) is also critical as this period has witnessed the sharpest crude price fluctuations in recent past, touching a high of almost USD 3 in June 2008 and a low of USD 0.8 in Dec 2015. 
A high correlation is observed between the oil prices and the biofuel and other advanced fuel production costs.  The relationship has been observed for conventional biodiesel, lignocellulosic ethanol etc. The other variations in biofuel prices are largely due to increasing feedstock costs. 

[bookmark: _Toc456816892]Figure 5: Relationship between biofuels, gasoline, diesel and crude oil prices
As clear from Figure 5, the E-85 and B-100 prices show trends similar to that of crude prices, despite the fact that E-85 is just 15% of gasoline and B-100 has no diesel. In addition, the various blends show high correlation with the respective fuel.
Further various studies have established that the fuel prices and biofuel prices (1st generation) are directly proportional as the fuel used in the biofuel processes from field - to-fuel dispenser influences the cost of the biofuel. The higher the fuel prices, the more will be the biofuel prices. 
The correlation between the edible oil from the same biofuel feedstock and the fuel prices holds true as well (see Annexure II).
It should be noted that crude oil is not the only and single largest factor involve in producing gasoline and diesel. Industry linked factors common to the petroleum refining, transportation and retailing are influenced by cost factors that are similar to that of biofuels production. Hence this correlation is further justified.

[bookmark: _Toc456816733]Estimating the cost of the biofuel program for the country
The transport sector fuel projections for the country are made (for diesel and gasoline) till 2030 by extrapolating (after considering important variables and its impacts on the fuel demand) historical fuel data. Based on the projected fuel consumption data, quantity of B-100 and E-100 required to meet the blended fuel targets for the country are estimated. Tables 4 and 5 portray the fuel demand for the country and the respective projected biofuel demand.
[bookmark: _Toc369630980][bookmark: _Toc425470298][bookmark: _Toc456816766]Table 4: Diesel & Gasoline Demand Projections (In Million Liters)
	Year
	Model 1 
	Model 2

	
	Diesel
	Gasoline
	Diesel
	Gasoline

	2020
	354.387
	92.62401
	309.60
	106.47

	2025
	410.8323
	107.3766
	321.91
	119.89

	2030
	453.592
	118.5525
	331.51
	131.10


[bookmark: _Toc369630982][bookmark: _Toc456816767]Table 5: Biofuel need estimation for Fiji (in million liters)
	
	Requirement of B-100 and E-100

	
	Year
	B100
	E100

	Scenario A: 5% by year 2030
	2020
	19.2381
	7.83064

	
	2025
	22.0536
	8.817652

	
	2030
	24.3490
	9.642129

	Scenario B: 10% by year 2025
	2020
	20.9870
	8.542508

	
	2025
	44.1073
	17.63529

	
	2030
	48.6981
	19.28425

	Scenario C:
10% by year 2030
	2020
	12.8254
	5.220427

	
	2025
	29.4049
	11.75687

	
	2030
	48.6981
	19.28425


The B-100 and E-100 projects are made for three scenarios with varying biofuel fuel blending prescribed for diesel and gasoline. Scenario-A represents a quick introduction of blended fuel in the markets by achieving B-5 and E-5 across economy by 2020 and the blending targets remain flat till year 2030. Scenario B is though slow pace during the introduction phase but gradually picks up to achieve a 10% blending by 2025. Scenario-C takes a moderate approach and achieves 10% fuel blending targets by 2030.

[bookmark: _Toc456816734]Estimating the cost of biofuel program for the country
In absence of data on biofuels (and petroleum fuel) for Fiji, appropriate proxies are considered to estimate the cost of biofuel program for the country.
Estimating B-100 and E-100 prices for Fiji
· To estimate the historic biofuel prices, data from 37 editions of ‘Clean Cities Alternative Fuel Price Report[footnoteRef:3]’ for duration from Mar 2007 till April 2016 are considered, the data on biodiesel, bioethanol, gasoline and diesel are compiled for the duration from the reports. [3:  http://www.afdc.energy.gov/publications/search/keyword/?q=alternative%20fuel%20price%20report] 

· Crude oil prices for duration 2007 till 2016 are compiled.
· Market prices for available data points on diesel and gasoline for Fiji are mapped along the diesel and gasoline prices in US
· A fuel cost multiplier is generated by comparing fuel cost data for Fiji and United States and retail fuel prices for Fiji are estimated
· Since, there is no data available on biofuel retail prices for Fiji, hence biofuel prices and diesel-gasoline prices are used to generate a linkage between petroleum fuel prices and biofuel prices (see Figure 6 for high correlation between biofuel prices and petroleum fuel prices). The multiplier thus generated is used to generate the B-100 and E-100 prices for Fiji.
Estimating cost of biofuel program for Fiji
· To estimate the cost of biofuel program for Fiji, the prices of biofuel demanded by the Fijian markets is estimated and is compared with the price of equivalent amount of regular fuel.
The estimations are generated using Monte Carlo simulation and 25000 iterations are generated using the numbers generated for biofuel and petroleum fuel.
 (
Estimating cost of 
biofuel
 program= (Market price of 
biofuel
 introduced in the economy - Market price of baseline fuel) 
)
Results
The analysis results are used to generate the cost of biofuel program for the country if biodiesel and bioethanol programs are introduced. The analysis output are depicted in Table 6 , it should be noted that the numbers are just indicative and the standard deviations for biodiesel program is 0.24 Million FJ$ and for bioethanol program its 0.26 million FJ$. For detailed year wise results refer to Annexure-III. The subsidy numbers thus derived provide an indication to the policy makers and program designers on the quantum of direct economic impact of the biofuel program on the economy.
The cost of subsidy is estimated by measuring the difference between the baseline scenario with that of biofuel program introduced by Fiji (altogether three biofuel scenarios are considered). For each scenario the subsidy value   is estimated (i.e. measuring the 68% probability range of the cost of the subsidy).
[bookmark: _Toc456816768]Table 6: Cost of biofuel program for introducing biodiesel and bioethanol in Million FJ$
	
	Requirement of B-100 and E-100

	
	Year
	B100
	E100

	Scenario A: 5% by year 2020 (blending wall at 5%)
	2020
Cost of subsidy (M FJ$/pa) 
	19.2381
 (
  4.24
  
       
4.48
 
       
4.72
)

	7.83064
 (
 0.03
          
0.29
 
          
0.55
)

	
	2025
Cost of subsidy (M FJ$/pa)
	 (
  
4.90
        
5.14
 
        
5.35
)22.0536
	8.817652
 (
0.06
           
0.32
 
          
0.58
)

	
	2030
Cost of subsidy (M FJ$/pa)
	24.3490
 (
  
5.43
         
5.67        
5.91
)
	9.642129
 (
 0.09
           
0.35
 
    
     0.61
)

	Scenario B: 10% by year 2025
	2020
Cost of subsidy (M FJ$/pa)
	20.9870
 (
  
4.65
         
4.89
 
        
5.13
)
	8.542508
 (
  
0.05
           
0.31
 
        
0.06
)

	
	2025
Cost of subsidy (M FJ$/pa)
	 (
 10.04
     
10.28      
10.59
)44.1073

	 (
  
0.38
          
0.64
 
         
0.90
)17.63529


	
	2030
Cost of subsidy (M FJ$/pa)
	 (
  
11.11 
    11.
 35     
11.59
)48.6981

	 (
0.44
           
0.70           
0.96
)19.28425


	Scenario C:
10% by year 2030
	2020
Cost of subsidy (M FJ$/pa)
	 (
  
2.75
        
2.99
 
         
3.23
)12.8254

	5.220427
 (
  
-0.07
       
0.19           
0.45
)

	
	2025
Cost of subsidy (M FJ$/pa)
	 (
  
6.61
         
6.85         
7.09
)29.4049

	 (
  
0.17
         
0.43
 
          
0.68
)11.75687


	
	2030
Cost of subsidy (M FJ$/pa)
	48.6981
 (
  
11.10
     
11.35
 
     
11.58
)
	19.28425
 (
  
0.44
         
0.70
 
          
0.96
)



Logic
The feedstock costs vary across economy, but the costs involved in the industrial processes show similar trends. Hence the biofuel production costs in United States and Fiji should result in similar percentage change as 
Subsidy and its burden
The introduction of biofuel will result in positive externalities but since the price per litre of biofuel may remain higher than that of baseline fuel, hence the price per litre of blended fuel will be higher than the regular diesel and gasoline prices. Hence the government will have to decide on the measure to reduce the impact of introducing the ‘costlier’ fuel option.
The impact on the increased price on various stakeholders is highlighted in Table 7.
[bookmark: _Toc456816769]Table 7: Cost of introducing biofuel obligation on various entities
	Entity
	Impact

	Government
	2nd order impact- increased cost to the economy

	Vehicle owners
	Increase of cost (proportional to the fuel price increase)

	Consumers
	2nd order impact due to increase in goods and services linked to the transport cost escalation

	Biofuel firms
	Reach to the consumers with assured product demand

	Petroleum companies
	Reduction in quantity of petroleum fuel sold. The companies involved in biofuel program maintain margins by selling equivalent amount of biofuel. Margins may change.

	Agriculture sector
	Increase in income for farmers associated with biofuel feedstock production

	Agriculture- Allied sector 
	Impact due to increase in the input costs (fuel prices escalation linked to agriculture sector input costs)

	Industry and service sector
	2nd order impact due to increase in goods and services linked to the transport cost escalation


[bookmark: _Toc456816735]Action areas
Deciding on subsidy points

In order to ensure that the biofuel program does not become a liability, the government needs to support the program atleast during the initial phases through appropriate subsidies and other support. 
In order to ensure that the biofuel program is supported, the government could introduce support to the involved stakeholders in order to maintain the fuel prices at rates comparable to that of the baseline fuel. There are various subsidy points that could be explored to support the program and maintain the fuel price parity (with baseline fuel). Although there is no clear rule on deciding the direct or indirect beneficiary.
Most of the countries have subsidies supporting the biofuel program.
There is no clear rule on deciding on ‘point’ of subsidy to reduce the burden on biofuel program on the society. The subsidies can be offered to the sector in following ways:
1. Subsidies can be provided to the firms engaged in biofuel processing and marketing in form of infrastructure realization 
2. Subsides to the vehicle owners through direct subsidy on purchase of vehicles compatible with higher blends of biofuels 
3. Subsidies to the oil companies for distribution and sale of biofuel blends in the Fiji market including infrastructures such as real time blending pumps and dedicated biofuel tanks 
4. Subsidies to the research, development and demonstration projects
5. Subsidies to the growers involved in biofuel feedstock production and harvesting
6. Subsidies to the pilot programs and vehicle testing.
There is no clear formula on deciding on the point of subsidy. But this clearly depends on the short and long term focus of the country.



5. [bookmark: _Toc456816736] (
Action Area 5
)Biofuel Blending
Decision on fuel blending percentage is one of the most critical factor in the biofuel program as it communicates the policy commitments of the government’s biofuel program and provides clear and long term direction to the biofuel industry.
[bookmark: _Toc456816737]Current biofuel production potential and requirement
The current coconut plantations on 100% diversion to biodiesel industry could  yield approximately 4.5 ML of biodiesel (assuming 5000 tonnes of coconut is produced). Further FSC’s program could add another 13 ML of bio-ethanol into the markets.
To introduce B-5 and E-5 in the markets by 2020, a total of 19.2 ML of biodiesel and 7.8 ML of ethanol will be required. In order to achieve a 10% biofuel blending by 2030 the amount of biodiesel and ethanol requirement would increase to 48.7 ML and 19.3 ML respectively.
[bookmark: _Toc456816738]Phased introduction of blended fuel in the country
Vehicle fuel compatibility
B5 blends have been generally accepted by engine manufacturers worldwide. Similarly an ethanol blended fuel of 10% is compatible with most vehicle makes and models produced since 1986 (as per vehicle manufacturer guideline. The biofuel compatibility of the models sold in the Fijian markets are presented in Figure 6 (developed using the technical references indicated by the manufacturers).
[image: ][image: ]
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[bookmark: _Toc427528360][bookmark: _Toc427534262][bookmark: _Toc456816893]Figure 6:  Blended fuel compatibility of vehicles imported in the country (engine make post 1990)
54% gasoline vehicles in Fiji are E-10 compliant). Further, 17% of the diesel vehicles are B-20 compatible. (The vehicles for which no-blended fuel is recommended can be safely assumed to be compatible to 5% blended fuel).
Hence lower percentage (B5, E5) of blended fuel can be introduced in Fiji.
Introducing biofuel in the market: 
To start with biofuel can be sold in controlled environment to selected large fleet owners (transport fleets, taxis). 
In order to introduce B-5 and/or E-5, this may be done via dedicated filling points at fuel dispensing stations.  Or to avoid huge costs, initial phase intervention may be carried out though captive filling stations of large vehicle fleet owners. Storage and handling at the pump might need technical adaptations. 
Fully supported by the government, B-100 and E-100 to be imported/produced locally and under regulated environment sold through dedicated fuel dispensers. The pilot would be a learning phase for the program designers and well as petroleum companies.  The pilot will also serve two purposes:
1. Awareness among the vehicle owners
2. Communication of government commitment to ensure that private capital can be mobilized for biofuel production domestically
Large quantities can be introduced in the market when the locally produced biofuel is available.
Blending technology
When volumes are low (e.g. during the pilot phase) cheaper in-line blending should be used at the retail outlets. When the volumes grow, splash blending can be introduced by the petroleum companies.
Splash blending:
 Ethanol (E-100) is usually splash blended into gasoline tanks just before being send to distribution terminals or relating centres. The ethanol blended with gasoline mixes readily and does not stratify.
Biodiesel too is generally splash blended with diesel on blended using in-line blended process at locations close to the point of consumption.
[bookmark: _Toc456816739]Introduction of higher blends of biofuel in the economy
The policy environment in the country is already set to introduce 5% biofuel blending. Once the 5% blending targets are met, the government will have to pave path for enhanced absorption of biofuel in the economy. 
The bended fuel use in the country can be increased using two pronged strategy: 
1. Increasing the scope of biofuel program by adding sectors other than road transport (i.e. heavy machinery, marine and water transport, agriculture machinery etc.)
2. Increasing the percentage of biofuel blending in the fuel mix
(Other option is allowing for export of extra biofuel to Pacific Island Countries (PICs).
When B5, E5 demand is saturated, the biofuel program will technically hit blending wall as the vehicle and infrastructure compatibility will pose challenge as the consumer and distributer’s owned assets may not be compliant or manufacturer recommendation for the biofuel would exist.
As the country moves from lower blends to higher blends, the economy will have to incur additional costs in ensuring compatibility of distribution channel and vehicle engines. The country would be left with two options:
1. Government will have to test the Fiji transport sector for increasing the blending percentage in gasoline and diesel
2. Introduce higher blends to be used in vehicles that are suited to run on these blends
3. Opt for other types of biofuels (that are not subject to these blending restrictions, such as Hydrogenated Vegetable Oil (HVO)).
[bookmark: _Toc456816740]Next steps and actions
The government will have to demonstrate through a large scale (e.g. Suva city public bus transport facility level) pilot its commitment as well as preparedness to support the biofuel program.
During initial phase when sufficient biofuel in not produced in the country, B-100 and/or E-100 can be imported and blended at the selected fuel dispensers to be used in the fleet identified for pilot. As the program processes are laid, the scope of biofuel distribution should be expanded.
Government can partner with the petroleum companies to launch the pilot and get into risk/cost sharing agreement (ensuring there is logical distribution of cost as well as risks).




[bookmark: _Toc456816741] (
Action Area 6
)Distribution infrastructure readiness
Fiji has nationwide fuel transportation and storage infrastructure, managed by private fuel companies, the infrastructure is well spread in the main islands of Viti Levu and Vanua Levu.  The infrastructure is mature and supports the petroleum fuel demand of the country and neighbouring pacific island nations.
The two major islands are also the major producer of sugarcane and are considered for the production of palm and pongamia. Wherein the existing government CNO fuel production units supporting power generation (by mixing CNO with diesel) focuses on smaller islands.
Thus the existing geographical disconnect between the biofuel feedstock supplies and the potential biofuel demand centres may necessitate development of biofuel distribution infrastructure in major islands of the country.
[bookmark: _Toc456816742]Infrastructure upgradation
It would be required to upgrade the existing fuel storage and distribution network to accommodate the biofuels. The biofuel compatibility concerns are to be addressed before the introduction of the biofuel program in Fiji transport sector.  Although the existing infrastructure is compatible to E-5 and B-5, but as the country graduates to higher blending percentage, the infrastructure compatibility will have to be ensured.
The petroleum fuel infrastructure should be upgraded to help introduce and accommodate the future expansion of the biofuel program in the country. The introduction of biofuel in the transportation sector will have to start with the two major islands, Viti Levu and Vanua Levu for commercial reasons.
[bookmark: _Toc456816743]Infrastructure compatibility concerns
Corrosive nature of biofuels
Bio-ethanol (or ethanol) and biodiesel have chemical properties that make it highly corrosive for selected materials. These biofuels can degrade materials used in gaskets, seals etc. Thus the equipments used to store, transport and dispense blended fuel may get damaged. Various components made of non-ferrous metals that are commonly used in storage, transportation and dispensing the fuel (gauges, meters, valves, and pumps) may get corroded as well.
Not only metals, but also elastomers can experience changes in physical properties when exposed to ethanol or biodiesel.  
Biofuel affinity with water
Petroleum fuels don’t have affinity with water, hence they don’t get contaminated easily. Water in the fuel storage and transportation system gets separated (as the lowermost layer for it being heavier than fuel) and is drained off. But in blended fuels, any presence of water in the tanks or storage facility gets mixed with biofuel (due to its high affinity with water) and the fuel quality may deteriorate.
[bookmark: _Toc456816744]Next steps and actions
DoE should lead the framework design for development of safe and biofuel compatible infrastructure. Working jointly with the fuel industry in the country, a maturity mapping of the infrastructure can be developed and the infrastructure upgradation strategy should be evolved to expand the biofuel compatible infrastructure as the biofuel program expands.
In this regard, DoE has already planned for an ethanol gasoline blend test trial as part of its deliverables in 2017 using state of the art dispensing and storage equipments procured from Australia[footnoteRef:4]. [4:  www.fdoe.gov.fj/index.php/energy-security/biofuel/ethanol-production] 

Action areas
· All parts of supply chain need to be checked for biofuel compatibility and material compatibility standard developed and refitting carried out (if required)
· The existing fuel handling infrastructure will need to be mapped to check its suitability to accommodate the increased fuel supplies (this may not necessarily happen as the fuel demand won’t shoot up). Capacity addition requirements of existing fuel infrastructure to accommodate biofuel storage to be measured.
· The nation will have to build capacity to safely move liquid biofuels across facilities. Sufficient necessary facilities will have to be made available to the stakeholders to ensure that the biofuel operations take place with efficiency.
· Mobilization of capital investment: The banking system will have to ensure that the biofuel industry is extended bank financing for infrastructure upgradation to adjust to biofuel scenario.
· Research actions required: The following issues need to be understood with clarity.
· Feasibility of the existing infrastructure to accommodate the biofuels, identification of infrastructure bottlenecks and utilization of existing infrastructure with retrofitting to accommodate to the biofuel plans. Analysis to identify future infrastructure requirements 
· Testing and establishing low grade ( upto 5% blended) biofuel compatibility of the existing infrastructure 



6. [bookmark: _Toc456816745] (
Action Area 7
)Environmental, health, safety and social concerns
Fiji is gearing to introduce biofuel in the economy, as more and more firms engage in biofuel production, the operations around biofuel feedstock production, processing, transportation, processing and fuel production will pick up. At the same time the feedstock production will pick up in the rural areas, diverting the agriculture land and food crops for biofuel production.
[bookmark: _Toc456816746]EHS concerns associated with the biofuel industry
The department developing biofuel program will have to ensure that the biofuel industry that comes up as the result follows the internationally acceptable environmental, health and safety standards (EHS). This is important for the following reasons:
1. Biofuel programs are envisaged to address environment problems (esp. pollution and green house gas mitigation)
2. The EHS standards achieved for the biofuel industry can help bring transformational changes in the operational standards for businesses and industries in the country
3. The EHS guideline for the biofuel industry is also necessary for reasons to attract foreign (bilateral and multilateral) funding for supporting the sector. 
The hazards linked to the transport and use of biofuels are well documented, the relative risks associated with biodiesel and bioethanol compared to diesel and gasoline are represented in Figure 7 using the National Fire Protection Association (NFPA) of USA’s chemical hazard  diamond for communicating the safety concerns associated with biofuels.
	[image: http://homelandsecurity.iowa.gov/images/graphics/HazMatSquare_words_500px.gif]

	The NFPA hazard diamond 
The NFPA hazard diamond represents the hazard associated with chemicals. The standard diamond shape has four colors and each color is rated on a scale from 0 to 4. Where ‘0’ represents no or zero associated hazard and ‘4’ communicates high risk associated with handling and usage of the respective chemical. 

	Diesel
	Gasoline

	[image: http://www.cleano2forkids.org/hazardsigns.jpg]
	Diesel fuel is flammable, but the ignition temperature for diesel is high compared to gasoline, making it less riskier compared to diesel.
	[image: http://www.cleano2forkids.org/hazardsigns.jpg]
	Gasoline is a high risk fuel due to its high inflammability (due to low ignition point). Also there are moderate health concerns associated with gasoline due to spillage. 

	Biodiesel
	Ethanol

	[image: http://troutsfarm.com/Biodiesel/4-up-NFPA-Naoh.jpg]
	Biodiesels are safer compared to diesel. Though the chemical is flammable, but the risk is moderate due to its high ignition temperature.
	[image: C:\Users\DeepakB\Desktop\download (1).jpg]
	Ethanol is highly flammable, further it’s highly irritating to the eyes and high exposure can be uncomforting to the respiratory system.


[bookmark: _Toc456816894]Figure 7: Biodiesel and ethanol hazards compared with diesel and gasoline hazards (www.nfpa.org/codes-and-standards)
In case of Fiji, apart from biofuel handling linked hazards, the industry may face other risks associated with the biofuel operations due to lack of sector specific experience of workers. The risks may include:
· Risks linked to building of the biofuel plants 
· Risks involved in operations of the biofuel plants
· Risks involved with storage and transport of biofuel feedstock
[bookmark: _Toc456816747] Food security
Food and biofuel feedstock require common resource inputs including - land, water, labor and agro-chemicals. The challenge is to increase the supply of biofuel feedstock while not constraining or diverting the land and other resources that support food-crop cultivation. Focusing on ecological conservation, sustainable production methods and food security, the biofuel program should be designed in manner that reduces and minimizes the fuel-food conflict.
[bookmark: _Toc456816748]Next steps and actions
Newer technology (especially for purification etc.), minimal operational experience with unskilled/semi-skilled operators, building and operating biofuel process plants in potentially inappropriate locations (near to vulnerable populations), all call for a detailed assessment to identify the process hazards and minimize the risks. Many operators and the public are not sufficiently aware of the risks associated with the production of biofuel (the accidents in the FSC facilities indicate that the EHS norms are not fully abided with). Hence the following will be required:
· Study to anticipate risks associated with biofuel feedstock supply chain, biofuel processing, blending and transportation. 
· The study should result in the environment health and safety (EHS) guidelines for the biofuel industry and supply-chain. 
(Abiding with the International Financial Corporation (IFC)-EHS norms for the edible oil and oil industry, the EHS norms suggested for the country can be developed.)
· The Fiji government should introduce sustainability framework for biofuel feedstock production ensuring negative impacts of the biofuel feedstock production on food crops and biodiversity are addressed.
The following points would need to be kept in mind while designing the biofuel feedstock production strategy for the country: 
· Focusing on feedstock crops that do not divert the resources away from food items;
· Producing biofuel feedstock on marginal and underutilized land;
· Increasing land-productivity, introducing multi-cropping, mixed cropping for sustainable yield improvement;
· Reducing loss/waste in biofuel feedstock supply chains, to enable more products to reach the markets.


[bookmark: _Toc456816749]Annexure
[bookmark: _Toc456816750][bookmark: _Toc452029872]Annexure I: Cost of biomass transportation
[bookmark: _Toc456816895]Figure: Transport mode and cost of biomass transportation

	



[bookmark: _Toc456816751]Annexure II: Integrity threats for the biofuel infrastructure
There are known threats associated with the storage, transportation of the biofuels.
The various threats to the infrastructure associated with ethanol, butanol, biodiesel and renewable diesel are illustrated in the following chart. The chart has been developed from the published information. 
The renewable diesel has been introduced in couple of cities in USA and Canada, but no threats have been reported.
Figure: Illustration of integrity threats for pipelines and storage tanks arising from biofuel transportation (DNV, 2010)
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[bookmark: _Toc456816752]Annexure III: Correlation between edible oil and fuel prices 
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Figure: Correlation between fuel and coconut oil prices in Pacific region
[image: http://www.doinggroup.com/upload/201501/19/172549lwa2pvue5mwvkvq9.png]







Figure: Correlation between edible oil prices and crude oil ( for EU region)
Source: http://www.doinggroup.com/index.php?u=show-798.html
 
[bookmark: _Toc456816753]Annexure IV: Cost of biofuel program for introducing Biodiesel and bioethanol in Million FJ$


	
	Biodiesel
	Bioethanol

	
	Scenario A
	Scenario B
	Scenario C
	Scenario A
	Scenario B
	Scenario C

	2017
	1.121
	1.223
	0.747
	0.071
	0.078
	0.048

	2018
	2.241
	2.445
	1.494
	0.143
	0.156
	0.095

	2019
	3.362
	3.668
	2.241
	0.214
	0.233
	0.143

	2020
	4.483
	4.890
	2.988
	0.285
	0.311
	0.190

	2021
	4.614
	5.967
	3.761
	0.292
	0.377
	0.238

	2022
	4.745
	7.045
	4.534
	0.300
	0.444
	0.285

	2023
	4.876
	8.122
	5.306
	0.307
	0.510
	0.333

	2024
	5.007
	9.200
	6.079
	0.314
	0.576
	0.381

	2025
	5.139
	10.277
	6.851
	0.321
	0.642
	0.428

	2026
	5.246
	10.491
	7.751
	0.327
	0.654
	0.483

	2027
	5.353
	10.705
	8.650
	0.333
	0.666
	0.538

	2028
	5.459
	10.919
	9.549
	0.339
	0.678
	0.593

	2029
	5.566
	11.133
	10.448
	0.345
	0.690
	0.648

	2030
	5.673
	11.347
	11.347
	0.351
	0.702
	0.702


* Standard deviations for biodiesel program= 0.24;  Standard deviation for bioethanol program= 0.26 << unit of standard deviation>>
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Biofuel spectrum and projected costs/litre
Open	Grain ethanol	Cane ethanol	Conventional biodiesel	Advanced ethanol	Advanced biodiesel	Gasoline	High	Grain ethanol	Cane ethanol	Conventional biodiesel	Advanced ethanol	Advanced biodiesel	Gasoline	Low	Grain ethanol	Cane ethanol	Conventional biodiesel	Advanced ethanol	Advanced biodiesel	Gasoline	Close	Grain ethanol	Cane ethanol	Conventional biodiesel	Advanced ethanol	Advanced biodiesel	Gasoline	Spectrum of biofuel
USD/Litre
B20	39142	39264	39356	39448	39539	39630	39722	39814	39904	39995	40087	40179	40269	40360	40452	40544	40634	40725	40817	40909	41000	41091	41183	41275	41365	41456	41548	41640	41730	41821	41913	42005	42095	42186	42278	42370	42461	2.5299999999999998	2.96	3.08	3.3699999999999997	3.98	4.6599999999999975	4.04	2.67	2.2799999999999998	2.5499999999999998	2.88	2.96	3.12	3.06	3.14	3.5	4.05	4.0199999999999996	3.9099999999999997	3.9499999999999997	4.18	3.8299999999999987	4.18	4.05	4.1099999999999985	3.8899999999999997	4.0199999999999996	3.9699999999999998	4.01	3.98	3.8099999999999987	3.18	2.92	2.77	2.54	2.46	2.27	B100	39142	39264	39356	39448	39539	39630	39722	39814	39904	39995	40087	40179	40269	40360	40452	40544	40634	40725	40817	40909	41000	41091	41183	41275	41365	41456	41548	41640	41730	41821	41913	42005	42095	42186	42278	42370	42461	3.3099999999999987	3.27	3.38	3.69	4.3099999999999996	4.88	4.6399999999999997	3.4699999999999998	3.27	3.08	3.19	3.59	3.57	3.75	3.82	4.05	4.3199999999999985	4.1899999999999995	4.18	4.2	4.3499999999999996	4.2300000000000004	4.3899999999999997	4.4400000000000004	4.29	4.1899999999999995	4.18	4.28	4.2300000000000004	4.24	4.21	4.0199999999999996	3.77	3.8	3.71	3.53	3.09	Diesel	39142	39264	39356	39448	39539	39630	39722	39814	39904	39995	40087	40179	40269	40360	40452	40544	40634	40725	40817	40909	41000	41091	41183	41275	41365	41456	41548	41640	41730	41821	41913	42005	42095	42186	42278	42370	42461	2.63	2.96	3.11	3.4	4.1399999999999997	4.71	3.65	2.44	2.27	2.54	2.79	2.8699999999999997	3.02	2.9499999999999997	3.07	3.4499999999999997	4.04	3.9499999999999997	3.8099999999999987	3.86	4.1199999999999966	3.75	4.13	3.96	3.9899999999999998	3.9099999999999997	3.9099999999999997	3.8899999999999997	3.9699999999999998	3.9099999999999997	3.77	3.06	2.88	3.04	2.58	2.23	2.13	E85	39142	39264	39356	39448	39539	39630	39722	39814	39904	39995	40087	40179	40269	40360	40452	40544	40634	40725	40817	40909	41000	41091	41183	41275	41365	41456	41548	41640	41730	41821	41913	42005	42095	42186	42278	42370	42461	2.1	2.63	2.4	2.5099999999999998	2.8699999999999997	3.27	2.82	1.81	1.8800000000000001	2.48	2.27	2.38	2.42	2.2999999999999998	2.8499999999999988	2.75	3.2	3.09	3.19	3.14	3.4699999999999998	3.24	3.4699999999999998	3.17	3.3	3.23	3.04	3.04	3.4099999999999997	3.23	2.88	2.21	2.13	2.52	2.36	2.42	2.3899999999999997	Gasoline	39142	39264	39356	39448	39539	39630	39722	39814	39904	39995	40087	40179	40269	40360	40452	40544	40634	40725	40817	40909	41000	41091	41183	41275	41365	41456	41548	41640	41730	41821	41913	42005	42095	42186	42278	42370	42461	2.2999999999999998	3.03	2.7600000000000002	2.9899999999999998	3.4299999999999997	3.9099999999999997	3.04	1.86	2.02	2.44	2.64	2.65	2.84	2.71	2.7800000000000002	3.08	3.69	3.68	3.46	3.3699999999999997	3.8899999999999997	3.52	3.82	3.29	3.59	3.65	3.4499999999999997	3.34	3.65	3.7	3.34	2.2999999999999998	2.42	2.94	2.4299999999999997	1.9800000000000082	2.06	Crude	39142	39264	39356	39448	39539	39630	39722	39814	39904	39995	40087	40179	40269	40360	40452	40544	40634	40725	40817	40909	41000	41091	41183	41275	41365	41456	41548	41640	41730	41821	41913	42005	42095	42186	42278	42370	42461	1.5699999999999903	1.6778571428571429	1.9438095238095241	2.2845238095238094	2.4176190476190476	3.0323809523809602	2.3976190476190475	1.0619047619047619	1.181904761904762	1.6623809523809523	1.6776190476190476	1.8902380952380953	1.9869047619047693	1.7997619047619051	1.9035714285714285	2.1757142857142857	2.5283333333333342	2.269047619047619	1.8792857142857229	2.3530952380952379	2.453095238095238	2.0247619047619052	2.1947619047619051	2.1864285714285714	2.315238095238072	2.2942857142857145	2.4371428571428582	2.3373809523809612	2.418333333333333	2.5254761904761867	2.1707142857142858	1.2726190476190478	1.1361904761904762	1.4161904761904758	1.0728571428571441	0.88404761904761919	0.87952380952381426	Cost of biomass transportation at 2008 rates (€c/tonne/km) 
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