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ABSTRACT 

Biodiesel production in Iceland is an innovative industry while in most other countries, 

especially in other European countries, it has become developed commercial industry. 

With the use of Net Present Value (NPV) method, biodiesel production sourced from 

rapeseed oil (RSO) in Iceland and Scotland is compared according to different legal-, 

technical- end economic environment. With a change in assumptions for feedstock cost 

and prices of meal and biodiesel, but with same assumptions regarding plant capacity, 

years of operation, fixed cost, loan rates and production method. The NPV results where 

different between Iceland and Scotland. The NPV results in Iceland gives 14,4 million 

ISK (118 thousand USD) in NPV of equity and a 22% IRR of equity. While the NPV 

results in Scotland gives a minus 2,3 million ISK (minus 19 thousand USD) in NPV of 

equity and a 14% IRR of equity. With negative NPV and IRR below Minimum 

Attractive Rate of Return (MARR), project should be rejected. Estimated MARR was 

15% for both Iceland and Scotland. Therefore, biodiesel production in Iceland, made 

from domestic feedstock of RSO is feasible while it is not in Scotland. Additionally, 

sensitivity analysis results indicate that price of biodiesel and a cost of feedstock is the 

most influencing factor for the final NPV outcome for both countries. This is in line 

with other studies, where feedstock cost represents up to 80% of the total operation cost. 

Nevertheless, market disequilibrium exists in Iceland where price for RSO as feedstock 

for cooking oil is much more valuable than for biodiesel production. 
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1 Introduction 

Due to greenhouse gas (GHG) emissions, countries in Europe as well other parts of the 

world, have increased their focus on biofuel
1
 consumption in transport. The European 

Union (EU) is in forefront of implementing legislations and directives with the aim of 

increasing the use of biofuel in transport, while at the same time the increased biofuel 

consumption leads to technological development, increased security of energy supply, 

economic development at regional scale and job creation (Eurobserv'er, 2012). 

From feedstock like vegetable oils, animal fats or waste cooking oil, it is possible to 

produce biodiesel, which is a synthetic and diesel-like biofuel. It can be used directly as 

fuel, which may require some engine modifications, or blended with petroleum diesel 

and used in diesel engines with few or no modifications (Demirbas, 2009).  

Biodiesel production is a commercial developed industry in Europe. In 2010 the total 

biodiesel production in Europe represents for about 10.000 million liters where 

Germany was the main producer with about 3.600 million liters produced (European 

biodiesel board, 2012). Use of biodiesel is estimated at 75% of the total biofuel 

consumed in Europe. In 2010, estimated average biodiesel blend in liquid fuel is 3,5% 

within EU countries (Jung, Dörrenberg, Rauch, & Thöne, 2010).  

The main advantage in biodiesel production with feedstock from oil crops like rapeseed 

is the double carbon sequestration. In the growing process of the rapeseed plant, it 

sequesters about 6 tons/hectare of carbon dioxide (CO₂) while combustion of a diesel 

engine releases about 3 tons of CO₂ into the atmosphere. One hectare of cultivated land 

of rapeseed gives 6 tons of biomass which roughly divides into 3 tons of straw, 2 tons of 

meal and one ton of rapeseed oil (RSO) after seed pressing process (Bernódusson, 

2010).  

Figure 1 explains in a rough visual way the diagram for rapeseed cultivation. The rape 

plant can gain access to subterranean water resources better than other grain, such as 

wheat and barley due to deep roots. In rapeseed cultivation, field rotation is 

recommended where the rape plant is cultivated in same field for only one year. 

                                                             
1 Word explanation: Fuel such as methane produced from renewable biological resources such as plant 

biomass and treated municipal and industrial waste. 
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Therefore, other grain spices such as barley and wheat are recommended in addition to 

rape plant cultivation (Grau, Bernat, Antoni, Jordi-Roger, & Rita, 2010). 

 

Figure 1 – Diagram of rapeseed cultivation. Source: (Grau, Bernat, Antoni, Jordi-Roger, & Rita, 2010). 

In a process called transesterification, alcohol (methanol or ethanol) and a catalyst are 

combined with RSO to make so called fatty acid methyl esters (FAME), otherwise 

known as biodiesel. It is possible to use vegetable oil such as RSO directly in a diesel 

engine as a blend or on heavy machines as tractor in figure 1 shows. Nevertheless, to 

fulfill all fuel standards concerning viscosity, cetane number, density, flash point etc., is 

necessary to utilize the transesterification process (Bernódusson, 2010).  

The main attributes of biodiesel, compared with fossil diesel, are the environmental 

effects of lower GHG emissions, an increased lubrication effect on engines but a slight 

decrease in power output of the engine. Biodiesel has about 15% lower energy density 

(33,3 MJ/liter) comparing to fossil diesel (38,6 MJ/liter) (Bernódusson, 2010). 

Nevertheless, in some EU countries   mandatory blending with diesel fuel is up to 7% of 

biofuel (Jung, Dörrenberg, Rauch, & Thöne, 2010).  

By-products in the oil seed press process such as cake meal can be valuable products in 

cattle feed and feed enhancer. The straw, in the cultivation process, can, for instance, be 

used as fertilizer or as animal bedding. Glycerol is another valuable by-product that is 
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formed in the biodiesel process. It can be used in the chemical industry in such as soaps, 

lotions, toothpaste and many other things (Bernódusson, 2010).  

Rapeseed cultivation is a new supplementary grain product in Iceland. Nevertheless, 

grain farming has been pursued since 1960 in Iceland. Since 1991 until 2007, grain 

farming has had an 18% average annual increase (Intellecta, 2009).  

Due to GHG emission, climate change will occur in Iceland as in other countries. 

According to developing climate forecasts for the 21st century, it is estimated that 

temperatures will increase by 3 degrees Celsius on average in Iceland. This means, that 

spring will begin earlier and autumn later with a 10 - 15% increased precipitation. These 

changed circumstances are beneficial for domestic grain cultivation and therefore also 

for oil crops like rapeseed (Intellecta, 2009). 

 

Iceland, as other develop countries, is heavily dependent on imported fossil fuel for the 

economic circle in the society. The main difference between Iceland and other 

developed countries is the fact that almost 85% of all energy consumption has a source 

in geothermal- or hydro energy, which is mainly used for house heating, electricity and 

industry (aluminum plants are by far the biggest buyers of electricity in Iceland) 

(Orkustofnun, 2012).  

In 2010, energy consumption per individual in Iceland was 750 Gigajoule (GJ) which is 

one of the highest in the world. The main reason for such a high energy usage is due to 

very high proportion of aluminum smelters in Icelandic industry and also because of 

effective house heating due to climate. Almost 90% of all imported fossil fuel is used 

for transportation and fishery (Orkustofnun, 2012).  

Of that, 25% was used in the fishery and 13% of all GHG emissions are related to 

fishery. Another interesting fact is that from 1998 until 2006, the fuel cost has increased 

as a proportion of operation cost from 4% to 20% in Icelandic fishing industry. 

(Statistics Iceland, 2009). 

For the domestic vehicle fleet, the cost of petrol fuel has increased by 115% over the 

last five years and the diesel price has increased by 124% over the same period of time. 

In comparison, the public wages have on average increased by 34% in Iceland since 

2007 (RÚV, 2012).  
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The EU directives 2009/28/EC and 2003/30/EC about renewable energy is the main 

driver for a favorable biodiesel production environment in the EU and are mandatory 

regulations within EU-27 (including Iceland). On the consumption side, the Energy 

Taxation Directive (2003/96/EC) and the Directive (2009/30/EC) about quality of petrol 

and diesel fuels are directives about certain blend proportion of biofuel within fuel. 

Biodiesel made from RSO is the main feedstock for the biodiesel producer in the EU 

today, due to favorable legislation and government support, production of biodiesel has 

been economical feasible, but without government subsidies, it is not economically 

feasible (Demirbas, 2009).  

 

The aim of this thesis is to conduct research concerning the feasibility of biodiesel 

production in Iceland from potential domestic feedstocks, compared with other 

countries, mainly European countries. This research will especially focus on domestic 

feedstock made from rapeseed as RSO.  

In January 2011, the author of this thesis research finished his master’s thesis at 

Reykjavik Energy Graduate School of Sustainable Systems (REYST) with the thesis 

topic “Feasibility study of converting rapeseed to biodiesel for use on a fishing vessel”. 

The main conclusion in the REYST thesis indicated that it is important to keep on 

researching further all the pros and cons regarding opportunities in biodiesel production 

made from rapeseed, where the feasibility study according to Net Present Value (NPV) 

calculation was on the boundary of being economical feasible. According to the 

conclusions, the NPV was minus 2,9 million ISK (minus 24 thousand USD) and 14% 

Internal Rate of Return (IRR) while given Minimum Attractive Rate of Return (MARR) 

was 15% (Birgisson, 2011).  

Additionally, is important to look at other criteria that include benefits over traditional 

fuels. That is energy security, foreign exchange savings, reduced environmental impact 

and socioeconomic issues related to the rural sector. The dilemmas between food prices 

and biodiesel production and also between environment concerns and biodiesel 

production are strongly linked to oil crop cultivation such as rapeseed. For instance, 

RSO can also be sold as feedstock for healthy vegetable oil and is therefore in indirect 

competition with an industry product such as biodiesel (Demirbas, 2009). 
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The structure of this thesis is divided in three parts, which are legal- (chapter 4), 

technical- (chapter 5) and economic environment (chapter 6). These three parts include 

important factors within each part and all main chapters also include a comparison and 

summary between Iceland and other European countries, but also the USA, especially in 

the economic part. The next chapter number 2 is a literature review chapter about other 

similar studies regarding biodiesel production, with the main focus on oilseed crop as 

feedstock regarding legal-, environmental- and economic issues. Chapter 3 illustrates 

methodology and assumptions. Chapter 4 is about legal environment in Iceland and 

other European countries. In chapter 5, technical issues regarding biodiesel process will 

be illustrated from cultivation to biodiesel production. The economic environment will 

be analyzed in chapter 6, with a main focus on feedstock cost and other material cost in 

Iceland, other European countries and in USA.  
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2 Literature Review 

Rudolf Diesel, the inventor of diesel engine, first tested vegetable oil as fuel for his 

engine at the World Exhibition in Paris 1900. At this time, even he could see the 

advantage in agriculture and for the environment as whole (Dieselveg, e.d.). 

Due to advent of cheap petroleum in the beginning of last century, fossil fuel became 

the main source for both diesel engines and combustion engines. For the last decades, 

vegetable oil and animal fats to make biodiesel fuel has had increased attention for 

stakeholders due to higher price in crude oil, limited resources of fossil fuel and 

environmental concerns regarding global warming caused by increased CO2 (Ma & 

Hanna, 1999).  

In 1994, an intercooled diesel pickup fueled with 100% biodiesel made from rapeseed 

oil was driven for 14 thousand km in the USA. During the trip, emission was tested 

from the vehicle at several places and no modifications were performed on the engine or 

the fuel system. The conclusion of this test shows a 55,6% decrease in hydro carbons 

(HC), 50,6% decrease in carbon monoxide (CO) and 11,8% decrease in oxide of 

nitrogen NOₓ. During this test, no problems or unusual events were reported with the 

truck´s operation (Peterson, Reece, Thompson, Beck, & Chase, 1996). 

The main advantage of biodiesel compared to other environmental fuel solutions, is 

there is no change needed in the infrastructure of fuel distribution system. From any 

material that contains fatty acids, either linked to other molecules or present as free fatty 

acids, is possible to produce biodiesel (Haas, McAloon, Yee, & Foglia, 2006).  

Because of these natural structures of vegetable oil regarding molecules and fatty acids, 

vegetable oil is not only suitable for biodiesel production but it is also highly important 

in the food industry. Almost 20 years ago, 14% of vegetable oil was used as a source for 

biofuel industry, while the rest was used in food industry (Shay, 1993).  

For the last ten years, the biodiesel industry has increased its share in the total world 

consumption of vegetable oil. Today, about 20% of the total vegetable oil in the world 

is a source for biofuel production while the rest is used in food industry sector (Prussi, 

Chiaramonti, & Pari, 2012). 

 

One of the main dilemmas in biofuel industry, and especially in biodiesel industry, is 

use of land in oil crop cultivation. One of the main reasons for increased competition for 
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use of land will be the rise of world population from 6,5 billion to 9 billion in 2050. In 

Europe, land under rapeseed increased by 31% between 2002 and 2007 (Harvey & 

Pilgrim, 2011).  

Thanks to favorable weather conditions in northern Europe because of climate change, 

use of land is expected to increase from 11 million hectares in 2007 to 13,5 million 

hectares in 2020 for oilseed cultivation. Nevertheless, it is estimated that EU biodiesel 

production will be derived from only 4% of the total EU agricultural area (European 

Biodiesel Board, 2010).  

Use of biodiesel, sourced from oil crop, offers many benefits such as the reduction of 

Greenhouse Gas (GHG) emissions, and increased regional development. However, for 

quantifying the effect of biodiesel it is important to take into account several other 

factors, such as raw materials and vehicle technology. Use of biodiesel will allow a 

balance to be sought between agriculture, environment and economic development 

(Demirbas, 2010).  

2.1 Biodiesel Infrastructure and Production  

The development in the biodiesel industry is highly linked to the economical welfare of 

societies as well as environmental awareness. Security of Energy Supply (SES) is 

highly important issue for most of the countries today. Both Europe and the US were 

mercilessly reminded of the importance of SES by the oil supply shocks in the 1970´s 

and again by the Gulf war in 1991. One of the actions that the European Commission 

introduced to counteract this development was to propose a 12% market share for 

biofuels by the year 2020 (Körbitz, 1999).  

In late 1993, seven industrial-scale biodiesel refineries were located in Austria, France, 

Germany and Sweden. Industrial-scale biodiesel refineries are defined as 7,5 million 

liters or more in annual capacity (Bender, 1999).  

In Austria, one of the first farmer biodiesel cooperative of 290 members was launched 

with the facility annually producing 435 thousand liters of biodiesel from 900 tons of 

meal. (Bender, 1999).  

The largest biodiesel producer in the world today is the European Union (EU). Of all 

the biofuel used in the EU, biodiesel represents 78% of the whole biofuel market in the 

transport sector in the EU. In contrast with the USA, RSO represents the main feedstock 

in the EU for biodiesel production, where in the USA it is soybean oil. The total 
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biodiesel production in EU-27 in 2008 was about 6.860 million liters and the total 

consumption was equal to 9.465 million liters (Prussi, Chiaramonti, & Pari, 2012).  

In the end of 2010, the global production of biodiesel was about 18 million tons, where 

about 61% was produced in EU-27 or about 11 million tons. Of that number, 4,9 million 

tons capacity was in Germany, making it the world´s top producer of biodiesel (Federal 

Ministry of Economics and Technology, 2012).  

According to the European standard for diesel (EN 590) since 2010, biodiesel can be 

sold in Europe for transportation, containing up to 7% biodiesel in the diesel mixture. In 

2010, 8% of Germany´s diesel fuel consumption came from biodiesel, equal to 2.6 

million tons (Federal Ministry of Economics and Technology, 2012).  

 

The main driver for a favorable biodiesel environment in EU countries are Directives at 

the supranational level, such as the Renewable Energy Directives (2009/28/EC, 

2003/30/EC), the Energy Taxation Directive (2003/96/EC) and the Directive on the 

quality of petrol and diesel fuels (2009/30/EC) (Jung, Dörrenberg, Rauch, & Thöne, 

2010).  

The EU directive on renewable energy (2009/28/EC) has the same target for all EU 

member states. In the directive is a clause of obligation for every EU country for a 

proportion of each renewable resource in total energy use by 2020.  

According to the objectives for 2020, of the total energy used in EU countries, 20% 

should be made from renewable sources. At the same time, a target of 10% for all 

energy sources used for transport should be from renewable energy sources by 2020.  

In 2011, the directive was adopted in Icelandic regulations. Regarding the proportion of 

renewable sources in total energy usage, Iceland has already fulfilled the 20% 

obligation of total energy used from renewable sources, where in 2008, this proportion 

was 67% in Iceland. On the other hand, the transportation sector in Iceland only fulfills 

1% of the 10% obligation (Orkustofnun, 2011).  

Through the years, the biodiesel industry has been supported with governmental 

financial support, to be able to reach EU directives obligation. Nevertheless, the total 

transfer support in the biodiesel industry in 2008 decreased from 2,49 billion Euros in 

2007 to 2,17 billion Euros in 2008 among EU member states (Jung, Dörrenberg, Rauch, 

& Thöne, 2010). 
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2.2 Costs, Prices and Economic Impacts of Biodiesel 

In the process of biodiesel production, many cost factors need to be taken in to 

consideration, such as capital costs, raw material costs and chemical costs. It is 

estimated that 75 - 80% of the total operation cost is sourced from the cost of feedstock 

and the production cost can vary widely between different options of feedstock. For 

instance, the price of waste cooking oil is 2,5-3,5 times cheaper than feedstock from 

oilseeds (Demirbas A. , 2009).  

Another study, made in Argentina by Marchetti, Miguel and Errazu (2008) stated that 

80% of the production cost is associated with the feedstock where the cost of biodiesel 

production is estimated at 0,57 US$/liter.  

That is similar to Birgisson’s (2011) feasibility study of converting rapeseed to 

biodiesel for use on a fishing vessel in Iceland. The cost of feedstock is calculated 0,42 

US$/liter and the cost of biodiesel is 0,52 US$/liter, where the raw material is sourced 

from rapeseed plant. 

Marchetti et al. (2008) also indicates there are two important influences over the 

economics of biodiesel plants; the cost of feedstock, or raw oil cost as before mentioned 

and also selling price of biodiesel.  

That is in line with Fore, Lazarus & Jordan (2011) study, which concludes that 

feedstock costs were the single greatest biofuel production expense, irrespective of 

feedstock type or biofuel type. 

In a newer study by Marchetti (2011), the price of biodiesel was in the range of 0,79 to 

0,86 US$/liter. The price of biodiesel is not a fixed figure, it is affected by the local 

environment, international offers, the demand of biofuel, government policies and 

international agreements related to environmental concerns, such as the Kyoto Protocol. 

In this same study by Marchetti (2011), he also stated that with only 7 cents reduction in 

biodiesel price, the Internal Rate of Return (IRR) will reduce by 78%.  
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3 Methodology & Assumptions   

“If you do not know where you are going, any road will take you there” 

It is very important to define research carefully before the journey begins, because the 

definition determines the purpose of the research and, ultimately, the research design 

(Zikmund, 2003, p. 93). In this chapter, the author of this thesis will describe, in as 

simple a way as possible, the research method of this thesis.  

Primary and secondary sources are two types of sources that can be used for data 

collection. Primary sources are for instance data, information and material from 

interviews, emails and observations while secondary sources represent data from 

magazines, newspapers, textbooks and online databases (University of Nevada, Reno, 

2010).  

Secondary data is one of four categories of exploratory research methods, the other 

three are experience surveys, case studies and pilot studies. Primary data are gathered 

and assembled specifically for the research project at hand (Zikmund, 2003, pp.114-

175). 

To answer the research question (and sub questions) in this thesis, both primary data 

and secondary data will be used. A secondary source is important. Thus, without 

extensive reviews of literature on similar researches, basic theoretical research is rarely 

conducted (Zikmund, 2003, p. 115). A secondary data analysis will be supportive of the 

data and therefor help to set questions for parties related to the research topic in Iceland. 

The data collection methods will be as follows: 

 Secondary data (research and collection): through literature articles (through 

databases), internet, thesis and reports both from Iceland and from other 

countries, mainly in Europe. 

 Primary data: through interviews (phone calls and one-on-one interviews) and 

emails with parties within cultivation-, marketing-, law- , technical- and 

administration sector, mostly in Iceland. 

In primary data collection, is important to have basic knowledge about the subject and 

to be well prepared. Depending on the research objective, types of interview will be 

chosen as follows: 
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 A personal interview (one-on-one) will be selected if the research objective 

requires an extremely lengthy questionnaire. 

 A phone call will be selected if the conversation is estimated not to last longer 

than 10 minutes and is in some cases as an introduction before a one-on-one 

interview but also in pursuant to a one-on-one interview. 

 An email will be selected if there are few questions and in pursuant to a one-on-

one interview and/or a phone call (Zikmund, 2003, p. 201). 

 

With the use of the Net Present Value (NPV) method, the present worth of all cash 

inflows is compared to the present worth of all cash outflows associated with the 

investment project. The profitability assessment is estimated with a 10-year lifetime 

which is according to a similar feasibility study done in Scotland (Booth, Booth, Cook, 

Ferguson, & Walker, 2005). Basically, if the NPV is positive, an investment is worth 

making otherwise not (Park, 2007).  

In profitability assessment, there are certainties and uncertainties. The immediate 

payment is known with certainty and in this case immediate payment is the total 

financing, for example equipment, building, and other investments. What is uncertain is 

the inflow for the next years to pay salaries, dividends, loans, and other operation costs. 

Thus, it is important to know the relationship between the value of a currency today and 

that of a (possibly uncertain) currency in the future before deciding on the project (Ross, 

Westerfield, & Jaffe, 2005). The uncertainty lies in the inflow which can be estimated 

according to the market situation. Estimated inflow is then discounted according to 

given Minimum Attractive Rate of Return (MARR). 

 

The formula for NPV is:         

                (7-1) 
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where 

    = Net cash flow at the end of period T, 

 r = MARR 

 T = The planning horizon of the project. 

According to Ross et al (2005), the decision rule for NPV is: 

If        accept the investment; 

If        remain indifferent to the investment; 

If        reject the investment.  

To evaluate the capital expenditure proposals, the Internal Rate of Return (IRR) is 

calculated both on equity and project. According to Ross et al. (2005) the basic rationale 

behind the IRR method is that it provides a single number which summarizes the merits 

of a project. It is called internal rate of return because this single number does not 

depend on the interest rate prevailing in the capital market. Simply put, it means the 

number is internal or intrinsic to the project and does not depend on anything except the 

cash flow of the project (Ross, Westerfield, & Jaffe, 2005). 

              (7-2) 

          ∑
  

(   ) 

 

   

 

For a better understanding and to simplify, it is possible to explain the IRR method with 

the following example: Consider a simple project with a 1.000 USD cash outflow and a 

1.100 USD cash inflow. This example can be described as follows: 

   (7-3) 

            
     

   
 

Where r is equal to the discount rate and Cᵢ is for cash inflo  and C
  
  is for cash outflo . 

To find out what the discount rate needs to be to make the NPV of the project equal to 

zero, an arbitrary discount rate of 0.07 is used, which yields: 
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   (7-4)  

            
     

    
 

Since the NPV in equation 7-4 is positive 28 USD, a higher discount rate is used, for 

example 0.11. This yields:         

              (7-5) 

            
     

    
 

Finally, since the NPV in equation 7-5 is negative by 9 USD, the discount rate is 

lowered to 0.10. This yields:         

                (7-6) 

          
     

    
 

This simple example illustrates that the NPV of the project is zero when r equals 10 

percent, according to given assumptions. Thus, it can be stated in this example, that 10 

percent is the project’s internal rate of return (IRR). In general, the IRR is the rate that 

causes the NPV of the project to be zero. The general investment rule is as follows, If: 

        , accept the project 

         , remain indifferent 

         , reject the project (Ross, Westerfield, & Jaffe, 2005). 
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4 Legal Environment 

In 2008, the total transfer in support of biofuel production among EU member states 

was estimated 3,01 billion Euros, which was a decrease from 3,7 billion in 2007. 

Through the last 15-20 years, the EU has promoted and promulgates biofuel as one of 

the main solutions in order to stimulate the use of renewable energies within EU 

countries (Gerasimchuk, Bridle, Beaton, & Charles, 2012).  

The total transfer in support of biodiesel production among EU member states in 2006 

was estimated 0,5 Euro/liter consumed and declined to 0,34 Euro/liter in 2007 and 0,22 

Euro/liter in 2008 (Jung, Dörrenberg, Rauch, & Thöne, 2010).  

Figure 2 illustrates in a visual way the supply chain in biodiesel production where in the 

beginning are so called intermediate inputs or goods and service that are consumed in 

the production process. Value-adding factors like labor, capital and land are both in 

production and storage & transport sector. Mandates are an example of a subsidy in the 

consumption sector; these mandates are, for instance, tax-exemptions and fuel blend 

requirements (Jung, Dörrenberg, Rauch, & Thöne, 2010). 

 

 

Figure 2 - Supply chain in biodiesel production. Source: (Jung, Dörrenberg, Rauch, & Thöne, 2010). 
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In the next subchapters about the legal environment in the biodiesel sector, the main 

focus will be on government support in the cultivation process (intermediate inputs) and 

in consumption (mandates, tax exemptions and tariffs), both in EU countries and in 

Iceland. Each subchapter is ended with a comparison between EU countries and Iceland 

and is therefore a conclusion on each subject. 

4.1  Cultivation in Iceland 

Grain farming in Iceland has been tried for several years and there have been subsidies 

on the bases of clause in agricultural law agreement (Búnaðarlagasamningur). The 

agreement topic is about working conditions in sheep herding and milk production. 

Government contribution is possible for seeding where grain-, field- and green fodder 

cultivation is set out for feed production or pasture. Appraisal is being conducted by a 

person from the Farmer Association to see if all conditions regarding cultivation are 

being fulfilled. Cultivation of oilseed crop in Iceland is a new option for the members of 

National Federation of grain farmers which are sub association within Farmer 

Association of Iceland (Tómasson et al., 2011).  

Grain farmers in Iceland can apply for government support for their cultivation 

according to agricultural law agreement as can be seen in appendix 1. In 2009, each 

farmer must fulfill a special condition of seed species and cultivation time factor. 

Maximum support was 10 thousand ISK for each hectare (ha) were the minimum area 

of cultivated land must be 2 ha and the maximum was 20 ha (Intellecta, 2009).  

Today, the subsidy is 15 thousand ISK/ha and 10 thousand ISK/ha above 20 ha and up 

to 40 ha (Tómasson et al., 2011). In average, each ha of rapeseeds gives 3 tons of seeds 

and in total 6 tons of biomass which means about 2.500 ISK in government support for 

each ton. 

4.2 Cultivation in EU Countries 

In EU, Common Agricultural Policy (CAP) is based on two pillars, market 

management- and regional development. The EU marketing management pillar is 

supposed to manage the production and the trade of agricultural products within the EU 

with the aim to establish stability on the market, increase the welfare of farmers and 

increase productivity in the agricultural sector (Intellecta, 2009).  
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The objective of the EU regional development pillars is to encourage environmental 

friendly agricultural, support inclement areas, increase occupational education of 

farmers, support young farmers, and to invest and provide development grants. The idea 

behind EU regional development is that the agricultural sector is not only about 

production, it has many roles within EU member states (Intellecta, 2009).  

CAP has gone through several changes since the 1970s and 1980s when the CAP 

accounted for as much as 70% of the total EU budget. In 2003, a major shift was made 

on the CAP when Single Farm Payment (SFP) was introduced. In order to receive the 

SPF, farmers needed to fulfill certain environmental and agricultural measures. 

Government support was no longer related to the amount of production or cultivation 

amount per hectare. In 2008, it was estimated that 68 billion USD (54 billion Euros) 

was spent by EU member countries to support farmers, or about 40% of the EU budget 

annually (Johnson, Hanrahan, & Schnepf, 2010).  

The so called Blair House Agreement is an agreement on agriculture between the 

European community and the United States since 1992. The agreement deals mainly 

with limits on the maximum EU oilseed area for food use to somewhat less than 5 

million hectares. The annual output of oil meal from oilseeds planted on set-aside land 

for industrial use is also restricted to 1 million tons of soybean meal equivalent. Since 

1999, set-side land for oilseed crop has been 10% of total land in EU. From 2004, 

energy crop support of 45 Euro/ha has been available for EU member countries 

(Rosillo-Calle, Pelkmans, & Walter, 2009).  

EU member countries do have flexibility in introducing SFP in each country and they 

can still support according to amount of product if the objective is to preserve 

production on a specific product. Therefore, implementation can vary between EU 

countries. Each EU member state has a maximum fee for agricultural subsidy and only 

those farmers who have active production on certain paradigmatic time can apply for 

government support which is linked to the size of cultivated land (Intellecta, 2009).  

The right of obtaining a subsidy can be transferable to another partner but only within 

each country or within certain area. A subsidy transfer is possible although it is not 

linked to the sale of land. The limitation to make these subsidy transfers possible is that 

the new land has to be the same size. Farmers do not need to cultivate a product on their 
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land to have the right to subsidies by EU, they can also keep the land in good condition 

according to environmental- and cultivation factors (Intellecta, 2009). 

Within the flexibility of introducing SFP, each EU member country can choose three 

main options, which are the basic method (historical), the area method (equal payment) 

and the mixed method.  

 Basic method (historical): Each farmer receives a government subsidy according 

to certain paradigmatic time and number of hectares used for cultivation over 

that same time. 

 Area method (equal payment): The subsidy is not paid to each farmer but to 

each area of land. The payment is than divided between farmers according to 

amount of hectares over certain period of time. 

 Mixed method: EU member countries can justify various calculation methods 

within a country, or mix together the above basic and area methods within each 

area of land (Intellecta, 2009).  

The following subsidy system example for grain farmers is from Finland, Finland 

uses the mixed method, as explained above. The land is divided in six areas: A, B, 

C1, C2, C3 and C4, were C4 is in the far north and A is in the far south. In northern 

areas the emphasis is more on regional development while there is more emphasis 

on marketing in south areas. For instance, in 2008 the subsidies for barley 

cultivation was 73-84 Euro/ha in area A and B while it was 70 Euro/ha in area C1 

and C2 and zero in area C3 and C4. Nevertheless, a corn farmer could apply for 93 

Euro/ha subsidy related to the environment. In addition, it is possible to apply for 

additional subsidies, which are divided in: 

 Decreased use of fertilizer 10 Euro/ha 

 Increased accurate use of nitrogen 23 Euro/ha 

 Decreased cultivation land (set a side) 11 Euro/ha 

 Nutrient stabilized in cultivated land 18 Euro/ha 

 Multiplicity in cultivation (more species) 24 Euro/ha (Intellecta, 2009)  

In Denmark, a grain farmer can have a subsidy up to 45 thousand ISK/ha while in 

Norway the subsidy system is rather complicated. The main objective in the Norwegian 

system is to support a competitive environment compared with imported corn and to 
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maximize the amount of corn to be delivered on the domestic market. In this way, the 

subsidy is related to the world market price each time and part of it is controlled through 

tariffs and importing fees (Tómasson et al., 2011).  

The above example about subsidy system for grain farming in Finland is to give an idea 

of the multifarious role of the EU subsidies system. The total estimated subsidy that is 

available for grain farmer in Finland is double that of Denmark, or about 90 thousand 

ISK/ha (Tómasson et al., 2011). 

Each EU member states can use 10% of their distributed subsidy from the EU for 

protection or improvement of land or to increase quality and marketing of agricultural 

products. The amount of subsidy from the EU to member states is according to land 

size, number of workers in the agricultural sector and national GDP. The EU direct 

payment to agricultural is reduced by 5% every year after 2007, to invest in other kinds 

of subsidies which are also related to agricultural and regional development. 

Nevertheless, the first 5 thousand Euros that each farm receives is not reduced 

(Intellecta, 2009). 

4.3 Summary & Comparison 

Tómasson et.al (2011) report estimates with increased subsidy for grain farming will 

increase the welfare of Icelandic agriculture with lower costs in concentrate feed. 

Icelandic agriculture will also be less dependent on imported feed, increasing 

recruitment and diverseness in grain farming sector and finally, the Icelandic nation as 

whole will gain due to increased food safety. Table 1 illustrates the different cultivation 

subsidies between Iceland, Denmark and Finland. To convert ISK to Euro, the average 

exchange rate in 2009, 2010, 2011 and until 15
th

 of October in 2012 is used, which is 

164 ISK/Euro (Central Bank of Iceland, 2012). Not only is the Icelandic subsidy almost 

three times lower than in Denmark and six times lower than in Finland, the 

environmental awareness is taken more into account than in the Icelandic government 

subsidies for grain farming. 
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Table 1 - Government support in grain farming in Iceland, Denmark and Finland. 

 

Source: Adapted by author from (Tómasson et al., 2011) & (Central Bank of Iceland, 2012). 

By estimating the average biomass at 6 tons of biomass from each hectare, the numbers 

in support of rapeseed cultivation in Iceland compared to EU countries is enormous. 

Table 2 shows the differences, were in Iceland support per kilo (kg) is about 2,5 ISK/kg 

while in Finland it is 15 ISK/kg.  

Table 2 - Government support for rapeseed cultivation per hectare in Iceland, Denmark and Finland. 

 

Source: Adapted by author from (Tómasson et al., 2011) & (Central Bank of Iceland, 2012). 

4.4 Production & Consumption in Iceland 

With the objective to encourage the use of environmental friendly fuel in Iceland and to 

decrease GHG emissions, the Icelandic parliament, Althingi, published the so called 

environment and resources law number 129/2009. According to the law, special carbon 

fees need to be paid by producers/importers depending on different types of fossil fuel 

liquids. The fee is 5,75 ISK/liter for gas and diesel oil while it is 5 ISK/liter for 

petroleum. The fee collection is based on the carbon content of each type of fuel and is 

based on the auction market European Union Emission Trading Scheme which was 

established January 1, 2005. The main purpose of the market is to reduce emissions as 

efficiently as possible by encouraging nations and companies to identify the advantages 

of selling unexploited carbon credits on the international market (KOLKA - Carbon 

finance & consulting, 2010).  

The oil tax is according to law number 87/2004 and is 45 ISK/liter for use as fuel on 

vehicles, whereas oil for fishing vessels are exempt from oil tax as well as domestically 

produced fuel.  

Iceland 15.000 91 0 91

Denmark 45.000 274 45 319

Finland 90.000 549 45 594

Energy crop 

Euro/ha

Grain 

ISK/ha

Grain 

Euro/ha

Total 

Euro/haCountry

Iceland 15.000 6.000 2,5 0,02

Denmark 45.000 6.000 7,5 0,05

Finland 90.000 6.000 15,0 0,09

Country

Grain 

ISK/ha

Biomass 

kg/ha

Support 

ISK/kg

Support 

Euro/kg
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In the willingness to increase renewable fuel in transportation, the Icelandic government 

is in the process of implementing the EU directive 2009/28/EC with an estimated target 

of 10% of total liquid fuel coming from renewable energy sources. Iceland is doing well 

in renewable energies consumption in total energy consumption, or about 67% is from 

renewable sources. Still, in the transportation sector, the proportion of renewable 

energies is still well below 1% (Orkustofnun, 2011). Nevertheless, through EEA
2
 

agreement, Iceland has an obligation to implement many directives from EU and 

directive 2009/28/EC is one of them although it has not yet been implemented in 

Iceland (H. Herbertsson, personal communication, October 22, 2012).  

In Iceland there are three main oil distribution companies: N1, Olís and Skeljungur 

(Shell). N1 is the only one who offer B5 (blend of 5% biodiesel and 95% fossil diesel) 

diesel in four of their distribution fuel stations in Reykjavik. Most of their biodiesel is 

imported but some part is domestically produced and they are hoping to increase that 

proportion in the future (H. Herbertsson, personal communication, October 22, 2012). 

4.5 Production & Consumption in EU Countries 

Since 1990, energy consumption in the EU-27 has grown by 6% since 1990 and the 

EU´s “energy mix” has changed a lot since 1990. The use of solid fuels (for instance 

coal and lignite) has fallen while the use of natural gas has grown by almost 50%. 

Figure 3 explains this shift in energy consumption were the use of renewable energies 

has increased by 143,4 %, from 70.724 (1.000 tons, oil equivalent) in 1990 to 172.138 

thousand tons in 2010. Biomass and renewable wastes are the most important renewable 

energy sources with 69% of the total renewable energies consumption in 2010 

(Eurostat, 2012).  

                                                             
2
 EEA is for European Economic Area. That is EU plus Iceland, Norway and Liechtenstein. 



21 
 

 

Figure 3 - Gross energy consumption, by fuel, EU-27. “Energy mix” and shift from 1990 to 2010. Source: 
(Eurostat, 2012). 

Objectives such as climate change commitments, an environmentally friendly security 

of supply and promotion of renewable energy sources are the aims to increase the use of 

biofuels in the EU. In 2003, the promotion of the use of biofuels or other renewable 

fuels came into force through the Directive EC 2003/30/EC which explicitly sets 

reference values for the share of biofuels of all fuels. The Directive sets the objective of 

5,75% of total fuel in each member state is biofuel before 2010 with a first target of 2% 

having been reached by 2005 (Jung, Dörrenberg, Rauch, & Thöne, 2010). 

Within the EU, the most important instruments in government support are mandatory 

blending rates and protection through tariffs. The blending requirement is a share of 

biofuel in transport fuels sold, whereas the latter aims at protecting European production 

of biofuels through tariffs on biofuel imports (Jung, Dörrenberg, Rauch, & Thöne, 

2010).  

The EU directive on renewable energy (2009/28/EC) has the obligation for every EU 

member (27 countries) to implement the objective of 10% share of renewable energy in 

transport before 2020. In 2010, the average proportion of renewable energies in 

transport was 4,7% within EU member states as table 3 shows. Slovakia and Sweden 

has 7,8 and 7,7% respectively of their transport fueled by renewable sources, which is 

the highest proportion in 2010. Other big countries like Germany have 5,7-, France 6,1-, 

Spain 4,7- and United Kingdom (UK) 3%. Among the Scandinavian countries, Sweden 
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has the highest proportion as before mentioned, Finland has 3,9% of their energy 

resources in transportation made from renewables, while Denmark has only 0,3% of 

their transportation fueled by renewable sources (Jung, Dörrenberg, Rauch, & Thöne, 

2010). Further information can be seen in appendix 2. 

Table 3 - Proportion (in %) of renewable sources in transport in selected countries within EU-27. 

 

Source: (Jung, Dörrenberg, Rauch, & Thöne, 2010). 

Biodiesel has been the main fuel type of biofuel consumption in the EU for the last 

years. Since 2004, biodiesel has accounted for about 70 - 75% of the total biofuel 

consumption within EU countries. The 2% biofuel target in Directive EC 2003/30/EC 

for the year 2005, was far from reached and the 2010 target (5,75%) was not reached 

within the EU (27 countries) although some countries have accomplished it while others 

have not as can be seen in table 3 (above) and appendix 2 (Jung, Dörrenberg, Rauch, & 

Thöne, 2010).  

Today, mandatory market shares or blending targets for biofuels in the EU can vary 

between countries and not all of them have adopted them in their own legislation. In 

2012, France set an ambitious target where the 2010 target of 5,7% was moved forward 

to 2008 and the target of 2010 increased to 7%. In 2015 the government aims at a 

biofuel market share of 10%. Spain, as well has a target of 5,83% in 2010 and 7% in 

2011.  

In Germany, the overall market share for the years 2010 to 2014 is 6,25%. In 

Scandinavian countries such as Sweden, 45% of the filling stations sell renewable fuel 

and the government introduced a “clean car premium” to encourage car buyers to buy 

%

geo\time 2006 2007 2008 2009 2010

EU (27 countries) 1,9 2,7 3,5 4,2 4,7

Denmark 0,2 0,2 0,2 0,2 0,3

Germany 5,5 6,6 6,1 5,3 5,7

Spain 0,7 1,2 1,9 3,5 4,7

France 2 3,6 5,6 6,1 6,1

Italy 0,9 0,9 2,4 3,8 4,8

Netherlands 0,5 2,9 2,6 4,2 3

Austria 4 4,8 6,4 6,5 5,4

Poland 0,9 0,9 3,4 4,8 5,9

Portugal 1,3 2,4 2,4 3,9 5,6

Finland 0,4 0,4 2,4 4,1 3,9

Sweden 4,9 5,9 6,6 7,3 7,7

United Kingdom 0,5 0,9 2 2,6 3

Iceland : : : : :

Norway 1,5 1,9 3,3 3,7 3,9

Switzerland : : : : :

Turkey : : : : :

:=not available 
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cars capable of running on biofuels. The objective target of Swedish government is to 

allow a 10% blend of ethanol and a 7% blend of biodiesel to fulfill the 5,75% blending 

target in 2010. Finland has also adopted the 5,75% blending target for biofuel in 2010 

(see appendix 3 for further information). 

As mentioned before, the total transfer in support of biofuel production among EU 

countries was estimated at 3,7 billion Euros in 2007. The highest contribution of support 

came through tax exemptions and reductions. In 2007 it was 2,8 billion Euros (Jung, 

Dörrenberg, Rauch, & Thöne, 2010), which is about 75% of the total support in 2007.  

The structure of tax exemptions varies between the EU-27 countries; either there are full 

or partial tax exemptions on biodiesel in majority of EU member states. The design of 

tax exemptions also differs between countries with production quotas or those who use 

a combination of excise-tax relief and penalties on blenders who do not fulfill the 

mandatory share of biofuel.  

For last 3 to 4 years, excise-tax exemptions rates have declined, shifting the way of 

support for mandatory blending in some countries. Germany, for instance, has an 

obligatory share of biofuels in all fuels sold out which is different than in other EU 

countries. A tax relief is granted for all the biofuel which is sold in addition to the quota. 

Since 2007, tax incentives, in the form of subsidies and tax exemptions, are being 

phased out in favor of requirements of mandatory minimum shares of bio components 

in liquid fuel.  

In Germany, a full tax rate in fuel liquid is 45 Euro/hectoliter
3
 In 2008, a tax incentive 

outside the quota for a transitional period until the end of 2011 is as follows in 

Germany: 14,9 Euro/hectoliter in 2008, 18 Euro/hectoliter in 2009, 2010 and 2011. All 

biofuels that are used in farming machinery agricultural processes remain tax-exempt 

(Jung, Dörrenberg, Rauch, & Thöne, 2010). 

Table 4 shows how the tax exemption varies between countries within EU. The United 

Kingdom (UK) and Germany do not have full tax exemption of biodiesel in 2007 and 

2008 and the UK decreased it from 28,9 Euro/hectoliter in 2007 down to 25,12 in 2008. 

 

                                                             
3
 Word definition: Hectoliter = 100 liters 
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Table 4 - Different tax exemptions (Euro/hectoliter) for biodiesel between selected countries within EU-27. 

 
 

Source: (Jung, Dörrenberg, Rauch, & Thöne, 2010). 

4.6 Summary & Comparison 

The tax exemption system within the EU-27 countries varies between countries. For 

instance, in Finland there is no tax exemption in biofuel production, while in Denmark 

it is 0,38 Euro/liter as table 5 shows. Nevertheless, the biofuel blend situation in 2010 

was 3,9% while in Denmark and Iceland it is well below 1%. Also, by estimating that 

75% of whole biofuel in Europe is biodiesel, the biodiesel blend is as can be seen in 

table 5. 

Table 5 - Summary & comparison of different tax exemptions and biofuel blends within selected EU–27 
countries and Iceland, and the average biofuel blend situation in EU-27 countries. 

 

Source: Adapted by author from (Jung, Dörrenberg, Rauch, & Thöne, 2010) & (Central bank of Iceland, 
2012). 

 

Denmark 35,49 full 38,00 full 2005-2011 n.a.

Finland 31,90 no exempt. 39,05 no exempt. n.a. n.a.

Spain 26,98 full 33,10 full until 2012 n.a.

Sweden 39,00 full 33,10 full until end 2013 yes

United Kingdom 68,06 28,9 68,43 25,12 until 2011 yes

Granted for 

biodiesel from 

all origin

reduced rate for 

B100 outside the 

obligatory quota

47,04 47,04

reduced rate for 

B100 outside the 

obligatory quota 

14,88

until 

31.12.2011
yes

Period of 

exemption

Germany

Excise 

tax on 

diesel 

2007

Exemption on 

biodiesel 2007

Excise 

tax on 

diesel 

2008

Exemption on 

biodiesel 2008

Countries

Iceland 0,30 50,00 5,75 0-1 -

Sweden 0,33 54,12 5,75 7,7 -

Finland 0,00 0,00 5,75 3,9 -

Norway - - - 3,9 -

Denmark 0,38 62,32 - 0,3 -

Spain 0,33 54,12 5,83 4,7 3,5

France - - 7,00 6,1 4,6

Germany 0,18 29,52 6,25 5,7 4,3

EU-27 - - 5,75 4,7 3,5

Tax 

exemption 

Euro/liter

Tax 

exemption 

ISK/liter

2010 estimated 

biodiesel blend 

%

2010 status 

biofuel 

blend %

2010 

blending 

target 
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In 2050 it is expected that 27% of world transport fuel will be biofuel (Gerasimchuk, 

Bridle, Beaton, & Charles, 2012). Nevertheless, it is expected that biodiesel demand 

within the EU-27 will decrease by 15% for year 2015 and by 32% for year 2020 

compared with forecast since 2011, due to a delay in mandate implementation as well as 

blend level limitations. It is expected that EU member states will find it difficult to 

increase consumption beyond B10 when the current limit is effectively B7 

(Gerasimchuk, Bridle, Beaton, & Charles, 2012). 
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5 Technical Environment 

In the world primary energy mix, renewable accounts for 13% of total global annual 

consumption in 2007. Of that, biomass accounts for 77% of the renewables, hydro 15% 

and other renewables account for 8% as can be seen in figure 4. The main feedstock for 

biomass in the world is forestry, wastes and agricultural residues which are the main 

feedstocks for the generation of electricity and heat. As feedstock for liquid biofuel, a 

very small share of total biomass proportion is sugar, grain and vegetable oil. It is 

estimated that biomass supplies are about 50 EJ
4
 globally, which represents 10% of 

global annual primary energy consumption (Bauen, Berndes, Junginger, Londo, & 

Vuille, 2009).  

Biofuel is a type of energy which is derived from renewable plant and animal materials. 

The most common types of biofuels are ethanol, biodiesel and biogas. Ethanol is 

common in the USA, made from corn, and in Brazil, made from sugarcane. Biodiesel is 

most used in Europe and is mostly made from plants. Biogas is, for instance, methane 

which is derived from animal manure and other digested organic material (Investopedia, 

2012).  

Biofuels for transport applications are commonly divided into so called different 

“generations”, although there is no universally agreed definition. These generations are 

named according to their level of development and source of feedstock. In general, first 

generation covers biodiesel (Rapeseed Methyl Ester = RME), Bioethanol, ETBE (Ethyl 

                                                             
4 EJ = 10¹⁸ Joules (J) = 10¹⁵ kilojules (kJ) = 24 million tonnes of oil equivalent (Mtoe). 

Figure 4 - Share of bioenergy in the world primary energy mix. Source: (Bauen, Berndes, Junginger, Londo, & 
Vuille, 2009). 
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Tertiary Butyl Ether), Biogas/Landfill gas and Straight Vegetable Oil (SVO). First 

generation sources are mainly from sugar, starch crops, oil crops, and animal fats and, 

from the anaerobic digestion of wet biomass, biomethane. Second generation is based 

on new feedstocks, where the goal is to produce low cost, sustainable biofuels from a 

broad range of resources that do not compete with land availability. The goal is to 

harvest a higher yield in terms of net GJ energy produced per hectare land used. Second 

generation biofuels covers, for instance, Biomass to Liquid (BtL), Cellulosic ethanol, 

Butanol, syndiesel (produced from lignocellulosic materials such as straw, wood and 

grass). These routes are based on thermochemical and biochemical technologies still at 

the demonstration stage. Third generation, also called advanced biofuels, is biofuel 

production in an early stage of R&D. These biofuels are sourced from algae as biofuel 

liquid and hydrogen from biomass (Bauen, Berndes, Junginger, Londo, & Vuille, 2009).  

This chapter about the technical environment will mainly focus on first generation 

biofuel. The objective is to explain the process of biodiesel production from oil crop 

cultivation to biodiesel conversion. The next subchapter number 5.1 will explain the 

process of oil crop cultivation, emphasized on rapeseed plant (the most common 

biodiesel feedstock in Europe). In subchapter 5.2, the process of seed pressing to crude 

vegetable oil is illustrated. The biodiesel process is illustrated in subchapter 5.3, with an 

explanation about the by-product, biodiesel attributes and standards. Finally, in 

subchapter 5.4 is a comparison and summary between Iceland and EU countries 

regarding the technical environment for biodiesel production from cultivation to 

biodiesel conversion. 

5.1 Oil Crop Cultivation 

The oil crop plant, rapeseed, is derived from two species of 

cabbage called Brassica napus (napus) and Brassica rapa 

(rapa). There are two variations of napus and two variations 

of rapa as well: either winter-napa or winter rapa and also 

summer-napa or summer rapa. The winter variation is sown 

in late summer while the summer variation is sown in the 

spring. Ventilated and water conductive soil with a high 

amount of mold is the most suitable type of soil for 

successful cultivation of rapeseed, while sandy soil is not 

Figure 5 – Seeds from rapa 

plant. Source: (Bernódusson, 
2010). 
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suitable. To maximize winter endurance and formation of flowers in the spring, the post 

roots need to go deep in the soil and become well developed before the winter. The frost 

resistance of rapeseed is considerable high but on the other hand, the water and ice 

resistance is limited (Sveinsson & Hermannsson, 2009). In the sowing process, the 

seeds are either drilled with a drill machine or with a fertilizer spreader. The seed 

amount per hectare is about 10 kg and germination of the seeds is from 60 – 80% 

(Bernódusson, 2010).  

Fertilizer is important in rapeseed cultivation and the needed amount is usually high but 

is also dependent on harvesting expectations, soil and crop rotation structure (Sveinsson 

& Hermannsson, 2009). Fertilizer is spread during the sowing and again in the spring, 

were the total amount is about 900 kg/ha. During the sowing process, 400 kg/ha is used 

and 500 kg/ha is used in the spring (Bernódusson, 2010). Rapeseed, like other cabbage 

plants is vulnerable for boron- and sulfur shortage and this material needs to come 

through fertilization, especially in moor soil (boron) and in soil with a high amount of 

sand (sulfur) in showery areas. Nitrogen is a key material for the amount of oil in the 

plant and with increased use of nitrogen, the amount of oil in the seed decreases while 

the total harvest per unit of surface increases (Sveinsson & Hermannsson, 2009). A 

study about oilseed from UK indicates that a reduced amount of nitrogen fertilizer from 

211 kg/ha to 100 kg/ha, would mean an 8.5% reduction in harvesting yields 

(Stephenson, Dennis, & Scott, 2008). In the aim of reducing the cost in fertilizer, it is 

possible to till the straw after the threshing or to use a biological fertilizer 

(Bernódusson, 2010). 

 In rapeseed cultivation, an interconvert cultivation method 

is used in almost all European countries, where the harvest 

time is about 12 months. In Iceland, the harvest time is 

approximately 14 months, from sowing to harvesting. Until 

1980, rapeseed was only used for industry production (e.g., 

high quality lubrication oil) or for lighting. Due to erucic 

acid, which is a monounsaturated omega-9 fatty acid, 

rapeseed at that time was not useable for human nutrition. 

With a new variation of napa and rapa which contains low 

amounts erucic acid (<2%), and a low content of 

glucosinlate, rapeseed became a feasible plant (figure 6) as Figure 6 – Rapeseed plant. 
Source: (Bernódusson, 2010). 
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a feedstock for food products such as vegetable oil in cooking (Sveinsson & 

Hermannsson, 2009). 

In the harvesting process of rapeseed, threshing machine is used. An average threshing 

machine requires about half an hour to thresh one hectare (Bernódusson, 2010). 

Nevertheless, a typical Icelandic threshing contractor produces about 150 ha/year while 

in Europe an average threshing machine produces under 100 hour/year (Þ. Ólafsson, 

personal communication, October 30, 2012). Each hectare of cultivated land gives on 

average about 6 tons of biomass which is divided into 3 tons of straw and 3 tons of 

rapeseed. One hectare binds 6 tons of carbon dioxide as nutrition while the plant is 

growing. Finally, the quality of seeds is a very important factor in rapeseed cultivation. 

Each seed species can last for a few years and every year a new one is developed on the 

market. Therefore it is important to cultivate rapeseed that has oil content higher than 

45%, with early germination after seeding and good winter resistance (Bernódusson, 

2010). Usually, the interconvert cultivation method is used beside other corn cultivation 

like winter-barley. Although the average harvest time in Europe is about 12 months for 

rapeseed, the interconvert cultivation is used to protect the land from over exploitation. 

In the process of threshing, it is important to choose dry weather to simplify the 

threshing process and the drying of the seeds. It is estimated that 15 – 25% of the total 

harvest goes to waste (Sveinsson & Hermannsson, 2009). 

5.1.1 Situation in Iceland 

In grain farming, potential cultivated land is dependent on local situation such as wind 

protection, freezing and the type of soil in addition to expected weather climate in each 

region. To estimate a feasible land for grain cultivation, an acceptable amount of harvest 

need to be identified. If the acceptable grain harvest amount is from 8- out of 10 years 

than it is possible to cultivate grain in half of all potential cultivated land. This means 

that it is possible to cultivate grain in all the southland area (red circle) as figure 7 

shows, in the west (green box) and in the north (blue triangle) (Halldórsson et al., 2010).  
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Figure 7 - Potential grain cultivation area in Iceland. Source: Adapted by author from (Intellecta, 2009). 

 

It is estimated that due to GHG 

emissions, temperature will increase 

by 3 degrees Celsius on average in 

Iceland. Grain farming will gain, as 

well as other types of farming. Since 

1991 until 2001, grain farming has 

had an 18% average annual increase 

(Intellecta, 2009). Today, the total 

cultivated land in Iceland is about 120 

– 128 thousand hectares. Of that, 

about 5 thousand hectares were cultivated grain (see table 6). Potential cultivation land 

is nevertheless much more, or about 600 – 615 thousand hectares (Halldórsson et al., 

2010).  

Table 6 illustrates estimated cultivated land between regions and type of crops, which 

are hayfield- and forage plant and grain farming. In addition to these estimations, 7 

thousand hectare in total can be easily added for oil crop cultivation with almost 6 

thousand hectares additionally in south region. In total, that is about 123 - 127 thousand 

hectares (depending on if the total cultivated land is about 115.770 ha or 120.000 ha). 

Source: Adapted form (Sveinsson & Hermannsson, 2009). 

Table 6 - Cultivation region in Iceland. 
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Since 2008, rapeseed cultivation has been in Þorvaldseyri in cooperation with the 

Icelandic Maritime Administration (IMA). Today, the rapeseed harvest amount and 

quality has never been as good as in Þorvaldseyri, which is the biggest grain farm in 

Iceland. The total seeds accounted for 11 tons from about 20 hectares of rapeseed plant 

(Ó. Eggertsson, personal communication, October 16, 2012).  

One of the first experiments in rapeseed cultivation was conducted by an experimental 

station of the University of Agriculture in Korpa (UAK) in 1999. Five species of winter-

rapa and winter-rapa were sown in Korpa and only 23 to 55% of the plants survived and 

the crop was not measured. Another experiment was conducted in 2001, with the goal to 

measure the crop of developed seed for use in vegetable oil production. The conclusion 

from that experiment showed that from 6 species of winter-napa that was sown, the corn 

was not fully developed for the threshing and winter-napa needs longer cultivation time 

than barley. Cultivation of winter-napa was not expected to be successful unless it is 

sown very early in the spring (Björnsson & Kristjánsdóttir, 2002).  

Again in summer 2006, the experimental station of UAK had sown two species of 

winter-napa and two species of winter-rapa where the average crop was about 3 tons/ha 

but there was an indicator that winter-rapa was not fully developed in the threshing 

process (Kristjánsdóttir, 2009). 

 In June 2008, the Icelandic Maritime Administration (IMA) started a project called 

“Environmentally Friendly Energizer” (EFE) in collaboration  ith AUI and several 

farmers all around the country. The farmers and participants were located in the north 

(Ósar, Vallhólmi and Möðruvellir), west (Brautarholt and Korpa), south (Bakki, 

Þorvaldseyri and Skógarsandur) and one in east (Lambleiksstaðir) of Iceland. IMA is 

leading the EFE project and is a part of the transportation strategy for the years 2007 – 

2010. It was important to have different locations for cultivation of rapeseed to test the 

border of feasible cultivated land. The conclusion for each location was very uneven 

and depended on different soil and weather conditions between regions. Nevertheless, 

the average seed harvest per hectare was about 2,5 tons with the highest harvest in 

Þorvaldseyri, or about 4,1 tons/ha (Sveinsson & Hermannsson, 2009). 
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5.1.2 Situation in EU Countries 

Estimated cultivated land in Scandinavian countries in 2007 is as follows (in 1.000 ha): 

Sweden 2.643 ha, Denmark 2.306 ha, Finland 2.253 ha and Norway 854 ha 

(Halldórsson et al., 2010). In Europe (EU-27) it is estimated that 5,5 million hectares of 

land is used for bioenergy crop and it accounts for 3,2% of the total crop land in the EU-

27. Of those 5,5 million hectares, 82% is used for oil crops while the remainder is for 

ethanol crops (11%) and biogas (7%) (Panoutsou, Elbersen, & Böttcher, 2011).  

Figure 8 below shows, on the left, the energy potential from biomass cropping (average 

2006-2008). Not surprisingly, the most potential seems to be in northern Europe, such 

as south Sweden, Denmark, Germany, Poland, France and Czech Republic. Figure 8, on 

the right, explain in which area rapeseed cultivation takes place. Germany, Czech 

Republic and France account for 50% of total production of rapeseed in 2007 as can be 

seen on the left in figure 8. The average rapeseed cropping area (2006-2008) in 

Germany was 1.105.000 hectares, 885.687 ha in France, 740.740 ha in Poland, 821 in 

Finland and 50.000 in Sweden. In total, energy cropping area of rapeseed was 3.258.571 

ha (Panoutsou, Elbersen, & Böttcher, 2011). Further information for other countries can 

be seen in appendix 4. 

 

Figure 8 - European map of energy potential from biomass cropping (average 2006-2008) & on the right, 

rapeseed cultivation. Source: (Panoutsou, Elbersen, & Böttcher, 2011). 
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As mentioned before, it is estimated that 5,5 million hectares are used for bioenergy 

crops, and by diversifying crop rotations the real oilseed area is doubled, to about 11 

million hectares in 2007. Today, Ukraine accounts for 8,94 million hectares of land for 

winter rapeseed (winter-rapa) cultivation, down from 9,36 million hectares in 2011 

(Ruitenberg, 2012). In Germany the second largest grower of oilseed in the EU after 

France, farmers have increased planting of winter rapa for harvesting next year by 

9,1%, from 1,3 million hectares harvested in 2012, while this year  (2012) is estimated 

at 1,42 million hectares (Ruitenberg, 2012).This increase is in response to favorable 

weather and higher prices, according to country´s oilseed-industry association. In 2020, 

it is expected that 13,5 million hectares will be used for oil crop cultivation. It means 

that biodiesel production in the EU will be derived from only 4% of the total EU 

agricultural area (European Biodiesel Board, 2010).  

5.2 Seed Pressing  

When the threshing is completed and 

the harvest is collected in house, the 

next process is the seed pressing 

(figure 9). Before the seed pressing is 

started is important to prepare the 

process well with cleaning and 

drying of the seeds. Foreign matter, 

in particular leftovers, is removed. 

This is often done in big tanks or 

containers where air is blown inside. 

After the cleaning, the seeds are 

dried down to 6 – 8% moisture, 

which is important to prevent 

bacterial infection in storage of the 

seeds (Bernódusson, 2010).  

Each seed is enclosed by solid 

filament husk made of cellulose. 

Inside the husk is the energy cell 

(germ), which is single cell 

organism, but the oil is the nutrition storage for the germination. In seed pressing 

Figure 9 – Seed pressing- and biodiesel production process. 

Source: (Biofuels Platform, 2012). 
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process, the husks are crushed or explode to get the oil out (Bernódusson, 2010) as can 

be seen marked as number 1 in figure 9. In this process, two kinds of products are 

formed: seed cake (4) and oil (3). The seeds are forced through a heated screw press (2), 

were the temperature is between 60 – 90°C and is therefore called cold pressing, 

otherwise it is called hot pressing (Kurki et al., 2008).   

The choice of cold pressing or hot pressing depends on the end product, cold pressing is 

used when the product is for human nutrition and is a slower process than hot pressing 

which is used for industrial use of the end product (Bernódusson, 2010).  In step number 

5 (biodiesel process) in figure 9, the oil is pumped into a tank where (6) methanol and 

catalysts are added and circulated. In step 7, the oil is left to settle and the by-product, 

glycerin, is pumped out from the bottom of the tank. Finally in step 8, the oil is cleaned 

with water wash system, leaving pure biodiesel ready for use (Biofuels Platform, 2012). 

A further and more detail explanation will be in chapter 5.3 about the biodiesel process. 

5.2.1 By-product 

In the seed pressing process, a valuable product called seedcake (also called refuse or 

meal) is formed out of 2/3 of the vegetable seeds. The refuse comes out of the press as 

pellets or as flakes, depending on what kind of press is used. A high content of protein 

makes the seedcake a valuable product and is therefore suitable as an animal feed 

supplement. The chemical content in the seedcake is about 32% protein, 7-18% fat, 

10% filament and water. The remainder is mineral nutrient like Calcium (Ca), Phosphor 

(P) and Sodium (Na). The preferable situation is to have as low oil content in the 

seedcake and as high proportion of protein as possible (Bernódusson, 2010). Crude 

protein content in seedcake from rapeseed plant is from 37 – 40% (Booth, Booth, Cook, 

Ferguson, & Walker, 2005). Nevertheless, the protein content always depends highly on 

the seed pressing method. In industrial production, cold pressing is usually not used and 

therefore, the chemicals contents within the refuse is different than from cold pressing 

that is usually used in small-scale production. For instance, solvent extraction of canola 

seedcake contains 43% crude protein while this same seedcake contains 37% extract 

from small-scale farm press (Kurki et al., 2008). 

5.2.2 Vegetable Oil Attributes 

Rapeseed oil (RSO) has much more diverse possibilities for use than waste oil from 

restaurant or animal fat. Therefore, domestically, RSO has been used and tested as 

cooking oil, in butter production, on racks in a long liner (fishery), as an additive in 
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asphalt for road construction, in mayonnaise production, in massage oil and in soap 

production (Bernódusson, 2010). Commonly, RSO is used as a food product for 

cooking. As a high quality food product, it is important to keep the temperature of the 

press process below 35°C in order to keep all the natural attributed content within the 

product and no other material is added to the product in the process (Hillfarm, e.d.).  

Oil contains fatty acids and they can be divided in two parts: saturated fatty acids and 

unsaturated fatty acids. Saturated fatty acids are to be found in products sourced from 

animal, for instance meat, sausages, variety meat, cheese etc. Saturated oil can have 

unwholesome effects on the vascular system, possibly causing arteriosclerosis. On the 

other hand, unsaturated fatty acids are healthy for the vascular system and are to be 

found, for instance, in fish products and vegetable oil (UFOP, 2012). In addition, RSO 

contains high amounts of vitamin E, which is important for revival of human cells, and 

high amounts of Omega 3, 6 and 9 which are healthy for the blood (Hillfarm, e.d.). 

5.2.3 Vegetable Oil Production in Iceland 

Today, rapeseed is the most common oilseed plant cultivated in Iceland. Although, the 

cultivated history is very short (a few years), some experience is being established in 

Þorvaldseyri (a farm in south Iceland) as mentioned in subchapter 5.1.1. In 2010, total 

RSO produced in Þorvaldseyri was about 1.400 liters. In 2011, it was about 4 - 5.000 

liters (about 6 hectares of threshing) and mostly sold for massage oil - and soap 

production (see appendix 5), but also sold for biodiesel production to N1 (Ó. 

Eggertsson, personal communication, October 16, 2012).  

Today, in the year of 2012, the harvest in Þorvaldseyri was about 20 tons of seeds from 

rapeseed cultivated from 11 hectares of land. This means about 7 – 8.000 liters of RSO 

after oil press process. Most of the oil is filtered in 500 ml bottles and sold as high 

quality vegetable oil in health product stores in Reykjavik and in Þorvaldseyri, the farm 

itself. So far, the farm in Þorvaldseyri is the only farm in Iceland which owns a press for 

cold pressing (Ó. Eggertsson, personal communication, October 16, 2012). 

5.2.4 Vegetable Oil Production in EU Countries 

In Europe, rapeseed oil is the preferred material in producing Rape Methyl Ester 

(RME). Due to the climate in Europe and especially in northern Europe, palm oil is not 

suitable because of a high freezing point as compared with rapeseed oil (Booth, Booth, 

Cook, Ferguson, & Walker, 2005).  
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Therefore, the use of palm oil and soybean oil as feedstock for biodiesel production is 

with mix of rapeseed-, soybean- and palm oil is approved to meet the EN-14214 

standard (Jung, Dörrenberg, Rauch, & Thöne, 2010). Table 7 illustrates the use of 

different oil feedstock for biodiesel production (in thousand tones). 

Table 7 - Different oil feedstock used for biodiesel production in Europe 2009 (in thousand tones). 

 

Source: (Jung, Dörrenberg, Rauch, & Thöne, 2010). 

5.3 Biodiesel Process 

The process of producing biodiesel from vegetable oil, such as rapeseed oil is known as 

transesterification and happens when triglyceride oils are converted to methyl (or ethyl) 

esters. The  ord “methyl” indicates that methanol has been used in the process, 

therefore the end product is often called “methyl ester”. If ethanol  ere used in the 

process, it  ould be called “ethyl ester” (Hojem & Opdal, 2007). Usually, methanol is 

used due to a lower cost than ethanol (Demirbas, 2010). Figure 10 illustrates the 

chemical formula for the chemical reaction of producing 

 

Figure 10 - The chemical formula of reaction of producing biodiesel from vegetable oil. Source: (Sheehan, 
Dunahay, Benemann, & Roessler, 1998). 

biodiesel from vegetable oil, where 100% vegetable oil (triglycerides) and methanol are 

used. R1, R2 and R3 represent fatty acid chains. With an addition of methanol and 

catalyst like caustic soda (NaOH), the fatty acid methyl esters are released as three ester 

chains RME (Fatty acid methyl esters). This reaction requires heat and a catalyst like 

NaOH where glycerol, an important by-product, is gained in this process (Gerpen, 
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Shanks, Pruszko, Clements, & Knothe, 2004). In waste cooking oil and animal fat, the 

oil always contains a certain amount of free fatty acid (FFA). Water and FFA decreases 

the efficiency of the chemical reactions in the transesterification process. Therefore, 

preprocessing is needed to decrease the content of water and FFA before the 

transesterification process of waste cooking oil or from animal fat. No preprocessing is 

needed if FFA level within in the oil is less than 1%. Refined vegetable oil contains less 

than 0,5% and crude vegetable oil 0,3 – 0,7% while restaurant waste oil/grease contains 

2 – 7%, animal fat 5 – 30% (Gerpen, Shanks, Pruszko, Clements, & Knothe, 2004).  

5.3.1 By-product 

In the biodiesel process, a by-product called glycerol is formed. Glycerol is a versatile 

chemical that can be used for instance in food production, drugs, animal feed, 

explosives, cosmetics etc. However, the multiform potential for utilization is based on 

glycerol that is at least 99,7% pure. It is not so difficult to raise the purity level of the 

crude glycerol to 80 – 90%. Nevertheless, the purity level depends on the purity of the 

original oil because contaminants tend to concentrate in the glycerol. The process of 

raising the purity level up to 80 – 90% is rather simple, by adding hydrochloric acid to 

the crude glycerol until the pH is acidic (4,5). This splits the soaps into salt and fatty 

acids. The fatty acids can be removed easily because they rise to the top of the glycerol. 

The methanol can be removed by evaporation. With vacuum distillation or ion exchange 

refining, it is possible to increase the purity of glycerol up to 99,7%. Both these 

solutions involve increased cost for the operation and it is generally not feasible for 

small scale operations (Gerpen, Shanks, Pruszko, Clements, & Knothe, 2004). 

Nevertheless, by developing new technologies and finding other uses of glycerol 

(especially 80 – 90% pure glycerol), the cost of producing biodiesel can be lowered. 

This is important because for the last years, glycerol has been sold for little value due to 

oversupply (Demirbas, 2009). 

5.3.2 International Standards 

As a product, biodiesel needs to fulfill certain standards to be used in modern diesel 

engines. These standards are international although engine manufacturers and biodiesel 

plants in different parts of the world use slightly different standards for biodiesel (see 

appendix 6). All these standards describe the physical properties of the fuel (Biofuel 

Systems Group ltd, 2012). EN-590 standard is for petroleum diesel in the EU – 

countries as well in Iceland, Norway and Switzerland. The standard for biodiesel is all 
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the same in Europe (EN-14214) excluding Germany (DIN-51606). The standard in 

Germany, DIN-51606, is the basis for EN-14214 standard and is also used by a vast 

majority of biodiesel producers commercially (Gerpen, Shanks, Pruszko, Clements, & 

Knothe, 2004).  

5.3.3 Biodiesel Attributes 

There are several disadvantages and advantages that need to be taken into consideration 

for biodiesel use in a diesel engine regarding lubrication and mechanical power. 

Biodiesel as a fuel is usually produced from different origins and quality and the diesel 

engine as well varies with regard to miscellaneous producers and purposes. Overall, the 

power output of diesel engine decreases very little and tests conducted with biodiesel 

made from rapeseed oil and its 5% (B5), 20% (20) and 70% (70) blends with diesel fuel 

confirm this. The test results indicates the only low concentration blends in term of 

performance efficiency and environmentally friendly emissions (particularly for B20 

and lower blends) could be recognized as the potential candidates to be certificated for 

full scale usage in unmodified diesel engines (Buyukkaya, 2012).  

Table 8 illustrates in MJ 

(mega joule 106 were 38 MJ 

is 38,000,000 joules) per 

liter the energy density of 

different fuel types. Fossil 

diesel accounts for highest 

energy density of fuel types 

in table 8, represent of 38,6 

MJ/liter. Biodiesel (RME) 

accounts for about 85% of 

energy density within typical fossil diesel (Bernódusson, 2010). Another study, were a 

Deutz four-cylinder marine diesel engine (direct injection) was used, confirmed similar 

results obtained by Mercedes Benz that with a use of rapeseed methyl the maximal 

torque curve for an engine under load remains essentially unchanged comparing to use 

of pure fossil diesel. Also, no noticeable differences in power output could be seen in 

B20. With a blend of fossil diesel and rapeseed methyl ester (RME), the lubrication of 

an engine improves. For reducing friction wear in engine components, usually fuel is 

used to lubricate rather than crankcase oil. In a test, were 10 million miles were driven 

Fossil diesel 38,6 100,0%

Gasoline 34,8 90,2%

Rapeseed Oil (RSO) 33,3 86,3%

Biodiesel (RME) 33,1 85,8%

Metan 25,3 65,5%

Methanol 17,0 44,0%

Energy density as proportion 

of fossil dieselMJ/liter

Source: Adapted by author from (Bernódusson, 2010). 

Table 8 - The energy density according to different fuel types. 
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by a truck with a blend of biodiesel showed and significant decrease in engine wear 

after running only 100 thousand miles (of 10 million miles) (Wedel, 1999). 

Nevertheless, it is important to recognize energy density within different fuel types.  

In a research that took place in June to November 2006, two ships (see figure 11) owned 

and operated by Transport Desgagnés in Canada were tested with B20 fuel.  

 

Figure 11 - Ships owned by Transport Desgagnés. Source: (Transport Canada, 2012). 

From June to November, the ships bring supplies to isolated villages in the Canadian 

Arctic. The main conclusion showed that B20 would reduce GHG emissions by 450 

tons of CO₂ equivalent over these six months of testing period and no reduction of 

engine performance. Nevertheless, the cost of using B20 is about 4 to 6 cents more than 

straight marine diesel fuel. Also, in colder climates, the viscosity of the fuel might get 

less due to biodiesel blend. Therefore, a lower concentration such as B5 or B10 can be 

used on especially cold climate areas (Transport Canada, 2012).  

It is important to understand that carbon reduction to the atmosphere is not an exact 

one-to-one replacement due to use of biodiesel instead of fossil diesel. For instance, 

with rapeseed cultivation, the plant binds CO₂ in the plant, as before mentioned. By 

using biodiesel that is made of source like rapeseed oil, an equivalent of 3,11 kg of CO₂ 

plus an additional 20% (for reduced process energy) in not released into the atmosphere 

for each kilogram of fossil diesel that is not used (Peterson & Hustrulid, 1998). A use of 

B20 in conventional diesel engine substantially reduces emissions of unburned 

hydrocarbons, carbon monoxide, sulfates, polycyclic aromatic hydrocarbons particulate 

matter and nitrated polycyclic aromatic hydrocarbons. However, there is a slight 

increase in nitro oxides (NOₓ) emission (Demirbas, 2009). 

5.3.4 Biodiesel Production in Iceland  

One important product used in the biodiesel process is methanol. Carbon Recycling 

International (CRI) is a company in Iceland that captures carbon dioxide from industrial 
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emissions (geothermal power plant) and then converts that carbon dioxide in Renewable 

Methanol (RM). The objective is to use RM as a blend for existing gasoline and hybrid 

vehicles and to build commercial plants both for domestic consumption and export to 

other European countries (Carbon Recycling International, 2012).  

Orkey ltd. in Akureyri was established in 2007. Since late 2010, the production capacity 

is estimated at 300 thousand liters/year with feedstock from restaurant waste oil and 

animal fat. They have already produced biodiesel that has been successfully used for 

one year on a fishing vessel (Björgúlfur EA 312) in Dalvík Invalid source specified..  

Today, all the production is used for ships; therefore the price is not as high as expected. 

The vision of Orkey is to produce biodiesel both for ships and vehicle transportation, 

where biodiesel from rapeseed oil could be a feedstock due to limited supply of waste 

oil and animal fat. The waste oil is collected both in Reykjavik and Akureyri area (K. 

Sigurharðarson, personal communication, October 16, 2012).  

In Reykjavik, in an area called Gufunes, is a company called Íslenska Gámafélagið 

(ÍG). Their main operation is waste disposal were they offer a one-stop solution in many 

fields of environmental service. This service includes consultancy in sorting and 

recycling, waste disposal, street sweeping, snow removal, etc. IG operates in Reykjavik 

and the area around Reykjavik, that is South-west of Iceland and is therefore the biggest 

company in Iceland in the field of waste disposal (Íslenska Gámafélagið, 2012). From 

their restaurant customers, IG collects waste cooking oil and makes biodiesel which is 

used on their own vehicles and is therefore not sold on the market for use on other 

diesel transport vehicles (Íslenska Gámafélagið, 2012).  

Today, the production amount of biodiesel is about 1.400 liters per week with two 

employees and their projection for 2012 is about 100 thousand liters. They collect 

around 2.000 liters per week from their customers which are mainly restaurants. Waste 

cooking oil needs to be disposed as hazardous waste and IG is certified for disposing 

waste cooking oil but the competition for waste cooking oil has increased (G. T. Batson, 

personal communication, November 6, 2012).  

In the biodiesel process, IG uses methanol produced in CRI in Iceland. The glycerol by-

product is collected in containers, but it is not pure glycerol, it needs to be purified 

because it contains methanol, water and other waste from the biodiesel process. It is 

important to extract the excess methanol from the glycerol by-product to be used again 
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in the biodiesel process and lower the methanol cost. The number of vehicles using 

biodiesel in IG is about 80 and the blend is normally between B20 and B30 and over the 

summer time is has gone up to B50 (G. T. Batson, personal communication, November 

6, 2012).  

The biodiesel produced in IG has not been tested for compliance with international 

standards for biodiesel quality because there is no plan to sell biodiesel produced in IG 

on the market, as before mentioned. Nevertheless, some tests are made to make sure that 

the oil is usable on their vehicles but no comprehensive testing have been made as it is 

considered an unnecessary expense (G. T. Batson, personal communication, November 

6, 2012). 

Biodiesel ltd. (Lífdísill ehf.) is another biodiesel production operating in Reykjavik. For 

the last 2 years, Biodiesel ltd. has been in the developing process. For those 2 years, all 

bottlenecks have been examined and fixed with the goal to produce a biodiesel that 

fulfills all required international standards. Therefore, quality requirements are fulfilled 

with sampling that is regularly send abroad to accredited company in Germany for 

quality confirmation. The main supplier and the only one today is a meat meal facility 

in neighbor town called Selfoss. All animal waste disposals in the south of Iceland are 

collected in this facility that is 30% of all animal waste in Iceland. Today, 5 – 7 

thousand liters per week of biodiesel are produced while the capacity is around 9 

thousand liters per week. The autumn is the main slaughtering season; therefore the 

feedstock supply can fluctuate. Also, the quality of the waste oil can also fluctuate 

depending on from what kind of animal the oil comes from. For instance, waste oil 

originally from horse is completely different than from sheep. The texture and amount 

of FFA is different. The biodiesel is all sold to N1 while the by-product, glycerol is 

disposed of by Sorpa, a waste disposal company (Á. Matthíasson, personal 

communication, November 7, 2012). 

5.3.5 Biodiesel Production in EU Countries 

Since 2006, the number of biofuel production plants in Europe has increased from about 

120 biodiesel plants and about 40 ethanol plants up to 255 and 75 plants capable of 

producing biodiesel and ethanol. The biodiesel production capacity is still well below 

the full capacity since in 2008, total biodiesel production amounted to almost 7,8 

million tons, while the production capacity was more than twice as high or about 16 

million tons. In 2008, three countries account for two-thirds of the EU biodiesel 
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production where 70% of the EU´s biodiesel is made with rapeseed oil. These countries 

are Germany with 36% of total EU biodiesel production, France 23%, Italy 8% and 

other countries with 33% (Jung, Dörrenberg, Rauch, & Thöne, 2010). In 2010, the total 

EU biodiesel production is close to 10.000 million liters, with Germany still the highest 

at about 2.800 million liters, France with almost 2.000 million liters and Spain in third 

with 925 million liters as can be seen in figure 12 (European biodiesel board, 2012).  
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Figure 12 - EU biodiesel production from 2002 to 2010 in million liters. Source: (European Biodiesel Board, 

2010). 

The production capacity of the main biodiesel producers in Europe in 2008 can be seen 

in table 9. As can be seen, there are 5-6 countries who have the biggest companies in 

biodiesel production in Europe, but most of them are in Germany 



43 
 

 

Table 9 - The main European biodiesel producers in 2008. 

 

Source: (Jung, Dörrenberg, Rauch, & Thöne, 2010). 

 

5.4 Summary & Comparison 

 In this chapter about the technical environment regarding the process from cultivation 

to biodiesel production, some of the most critical factors have been analyzed regarding 

Iceland and Europe. Regarding cultivation, Iceland has much potential in oil crop 

cultivation both because of forecasted higher temperatures due to climate change for the 

next decades, but also because of land availability. It is possible to cultivate 600-615 

thousand hectares instead of about 120 – 128 thousand hectares as it is today. Of that, 6 

– 7 thousand hectares for oil crop cultivation can easily be added to the total cultivation, 

which is about 5% of total cultivated land today. The history of rapeseed cultivation in 

Europe is much longer than in Iceland, but the competition for land availability is more 

than in Iceland. Nevertheless, competition for land is expected to increase for oil crop 

cultivation from 11 million hectares in 2007 to 13,5 million, which means 4% of the 

total EU agricultural land area while in Iceland today it is far below 1%. Regarding oil 

extraction and feedstock for biodiesel production, more diversified oil crops species are 

used in Europe compared to Iceland. Today, RSO has been utilized and tested for 

different sectors in Iceland. The potential for rapeseed oil utilization increases the value 

of rapeseed oil, which leads to use of other less costly feedstock like animal fat and 

restaurant waste oil for biodiesel production.  

All the development through the supply chain for biodiesel production shows much 

difference between Iceland and Europe. Iceland is just in the early stage of R&D or in 
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an early stage of developed production (for instance Þorvaldseyri farm) while in 

Europe, especially in Germany, France and Italy, they are well ahead of Iceland in all  

processes, from cultivation to biodiesel production. 
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6 Economic Environment 

Within the economic analysis of biodiesel production, there are many variables that 

need to be taken into consideration for financial assessment. The facility size, feedstock 

type and the process method play a big role in the final economical outcome. But the 

most important single cost factor in biodiesel production is the cost of feedstock. In the 

study by Fore et al. (2011), the cost of canola as feedstock in small scale biodiesel 

production was in the range of 70 – 80% of the total production cost. A similar 

conclusion  as reached in Demirbas’ (2009) study  here 75-80% of the total operation 

cost in biodiesel production was sourced from the cost of palm oil as feedstock. The 

same cost proportion was estimated by Marchetti et al. (2008), where more than 80% of 

the production cost was sourced from animal waste and restaurant waste oil as 

feedstock. The highest proportion is from a study by Haas et al. (2005) with an 

estimated 88% the production cost in an industrial scale biodiesel facility coming from 

the cost of soybean oil. 

Figure 13 explains roughly the 

different steps including in biodiesel 

production made from oilseed. The 

next subchapter (6.1) will cover the 

cost of cultivation, which is the 

process of raw oilseed feedstock and 

feedstock conditioning in figure 13. It 

includes all the cost in the cultivation, 

for instance soil preparation, 

fertilizer, seeds, threshing etc. The 

cost of cultivation in Iceland and in 

other countries (mostly in Europe) is 

illustrated and compared in 

subchapter 6.1.3. In subchapter 6.2 

the cost of feedstock is covered, 

generally concerning the cost of oil 

extraction with the focus on rapeseed oil (RSO) but also including the cost of animal fat 

as well waste cooking oil. The domestic and abroad cost of feedstock is then 

summarized and compared in subchapter 6.2.3. Finally, in economic analysis of 

Figure 13 - Different steps in biodiesel production made 

from oilseed. Source: (Fore, Lazarus, Porter, & Jordan, 
2011). 
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biodiesel production, a conventional batch process of biodiesel is illustrated further and 

the cost of the biodiesel process is illustrated as well as raw materials such as methanol 

and catalyst. As in chapters 6.1 and 6.2, chapter 6.3 includes subchapters about the 

situation in Iceland and in other countries regarding the cost of raw materials (methanol, 

catalyst) in the biodiesel process which is finalized in subchapter 6.3.3 with a 

comparison between countries and a summarization. Chapter 6.4 will illustrate the 

market situation regarding by-product and biodiesel usage in Iceland and in other 

European countries. The final subchapter 6.5 will contain net present value (NPV) and 

internal rate of return (IRR) calculations on biodiesel production in Iceland and 

Scotland. Finally, sensitivity analysis will be used to find out which cost or revenue 

factor has the most effect on NPV and IRR value results. 

6.1 Cultivation Cost  

In the process of cultivation, there are many cultivation factors that need to be taken 

into an account and these factors are different regarding cost. Some of these factors are, 

for instance, fertilizer, seeds, threshing etc. The next subchapters will illustrate these 

factors in Iceland in subchapter 6.1.1 and in other countries in subchapter 6.1.2. Finally, 

subchapter 6.1.3 will summarize and compare the cost situation between Iceland and 

other countries. 

6.1.1 Cultivation Cost in Iceland  

 In the beginning of 2009, the Icelandic Maritime Administration (IMA) in cooperation 

with the Agriculture University of Iceland (AUI) and several farmers began the project 

called “Environmentally Friendly Energy” (EFE). The idea of this project is to produce 

biodiesel made from rapeseed to fuel Icelandic fishing vessels. Table 10 explains the 

main cost figures in this 

project and shows the 

average cost for the year 

2008, 2009 and 2010. The 

cost can vary by 20%, plus 

or minus, and is estimated to 

be about 140 thousand 

ISK/hectare (ISK/ha). 

Fertilizer is almost half of all 

Cost factor (per hectare) Euro/ha ISK/ha

Soil preparation, seeding and fertilisation 200 30.000

Fertilizer, 800 kg (total) 500 70.000

Seeds, 7-9 kg 50 8.800

Threshing 125 20.000

Other cost (cleaning and drying) 125 20.000

Government payments -60 -10.000

Total cost 940 138.800

Source: Adapted by author from (Bernódusson, 2010). 

Table 10 - ” Environmentally Friendly Energizer” (EFE) project in 
the year 2008, 2009 and 2010. Average rapeseed cultivation cost. 
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the total cost as table 10 shows, fuel cost is included and the total cost does not include 

expecting investment costs in equipment for threshing, land or tractor etc. 

(Bernódusson, 2010). In the EFE project, the average seed crop harvest was about 3 

tons/ha, as before mentioned in subchapter 5.1.1. To produce this amount of seeds, the 

yield harvest gives about 6 tons/ha of biomass. Therefore, the cost of production is 

about 23 ISK/kg including government support of 10.000 ISK/ha as before mentioned 

in chapter 4. These numbers do not take into account the value of straw which was 

estimated 7 ISK/kg in Birgisson’s (2011) study, therefore the cost of seeds was about 16 

ISK/kg. In addition, a typical price from a threshing contractor is about 15-20 thousand 

ISK/ha if a farmer needs to outsource the threshing procedure (Þ. Ólafsson, personal 

communication, October 30, 2012). In the seeding process, the same seeds are used in 

the sowing process as well in the oil extraction process. Therefore, the cost of seeds is 

very little after the first year (due to the start-up cost in seeds). Nevertheless, it is 

important to change the type of seeds on a regular basis due to improved types and to 

prevent diseases in the plant (Bernódusson, 2010).  

6.1.2 Cultivation Cost in EU Countries and USA 

In a study made by Bender (1999), twelve feasibility studies were reviewed from the 

period 1983 until 1996. The study illustrates cost analysis in a biodiesel process from 

cost of seeds (for oil pressing) or animal fat to cost of catalyst and methanol in the 

biodiesel process. Finally, the study shows a cost of producing biodiesel according to 

different plant capacity, different feedstocks including glycerol and meal credit. The 

cost of Canola feedstock is 0,17 USD/kg for a community facility (2 million liter/year 

(Mltr/year)) and the cost of rapeseed is 0,29 USD/kg for an industrial scale facility (7,5 

– 12 Mltr/year). Today, the price of seeds from rapeseed is 471 Euro/ton on the 

commodity market in Europe (Reuters, 2012) or about 0,47 Euro/kg. 

6.1.3 Summary & Comparison 

Table 11 shows 

different costs per 

hectare of rapeseed 

and canola in Iceland, 

the US, and Europe. 

All the oilseeds have 

been calculated 

Cost factor (per hectare) Origin USD/kg Euro/kg ISK/kg

Rapeseed (EFE project) Iceland 0,19 0,14 23,0

Canola USA 0,17 0,13 20,7

Rapeseed USA 0,29 0,22 35,3

Rapeseed market Europe 0,63 0,47 77,1

Source: Adapted  by author from (Bernódusson, 2010), (Bender, 1999) and 
(Reuters, 2012). 

Table 11 - Cost per hectare of rapeseed and canola in Iceland, USA and Europe 
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according to an average exchange rate for the year 2010, 2011 and until 15
th

 of October, 

2012. The average rate for one Euro is 164 ISK and for one USD it is 122 ISK (Central 

Bank of Iceland, 2012). The EFE project includes government support at 10 thousand 

ISK/ha. In Europe, the cost of seed from rapeseed is shown as the price on the 

commodity market in Europe, therefore there is some markup included in that cost. 

6.2 Feedstock Cost 

In study by Thamsiriroj & Murphy (2008) about feasibility research of importing palm 

oil from Thailand instead of using indigenous Irish rapeseed for biodiesel production, it 

is estimated that one hectare of cultivated land gives about 1,2 tons of RSO. The yield 

of RSO amount can vary due to types of feedstock, geographical conditions, or climate 

because the amount of oil within seeds is highly dependent on these factors as well as 

other factors.  

The correlation between the free on board (fob) price in RSO and crude oil is very 

similar as can be seen in figure 14. The rate of change (left axis in percentages) is more 

often higher for crude oil than for RSO, especially for last three years (Indexmundi, 

2012). 

 

Figure 14 - Correlation between rapeseed oil (RSO) and crude oil, free on board (fob) in Rotterdam. Source: 
(Indexmundi, 2012). 

For last five years, the price of RSO has been in correlation with crude oil. Figure 15 

shows the price fluctuation of (fob Rotterdam) RSO in Euros per metric ton (left axis). 
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For the last one year, the price of RSO has been around 970 Euro/ton and rather well 

above palm oil (855 Euro/ton) (Indexmundi, 2012). Nevertheless, the high price of 

seeds for oil mills in Europe (471 Euro/ton) put intense cost pressure on European oil 

mills for the last one and half years. The profit margin for mills has gone down and 

some mills have sold rapeseed back onto the market (Hogan, 2012). 

 

Figure 15 - Fluctuation in fob price of rapeseed oil (RSO) in Euro/ton (left axis) from 2007 – 2012. Source: 

(Indexmundi, 2012). 

6.2.1 Feedstock Cost in Iceland  

The cost assumptions for RSO production in Iceland is sourced from the EFE project, 

mentioned in chapter 7.1.1. In Bernódusson’s (2010) report and Birgisson’s (2011) 

study, the total cost of 6 tons of biomass was calculated at 138.800 ISK/ha (including a 

10.000 ISK government subsidy per hectare). By dividing 138.800 ISK/ha with 6.000 

kg/ha, the total cost of biomass (3.000 kg seeds, 3.000 kg straw) is about 23 ISK/kg. In 

Birgisson’s (2011) study is an estimated a price for the by-product straw. The price for 

straw was estimated at 14 ISK/kg, but also included was a cost due to oil consumption 

and transportation of the straw about 7 ISK/kg. Therefore, the final cost of harvesting 

rapeseed was estimated to be 16 ISK/kg (23 ISK/kg - 14 ISK/kg + 7 ISK/kg = 16 

ISK/kg). The cost of producing RSO is calculated as 3 kg multiplied by 16 ISK/kg. It is 

estimated that from 3 kg of pressed seeds, 1 liter of RSO is extracted. The cost of 

rapeseeds is 16 ISK/kg. The total cost of producing 1 liter of RSO is therefore 49 ISK 

(16 x 3 = 49).  

The cost of other feedstock sourced from cooking oil waste can vary much between 

regions in Iceland, mostly depending on the Reykjavik area or the Akureyri area. The 

demand for waste oil in the Reykjavik area has developed a price for restaurants. This 
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price is a cost for IG (Íslenska Gámafélagið) who collects waste oil from restaurant in 

Reykjavik area. The cost of waste oil is about 10 – 20 ISK/ltr (G. T. Batson, personal 

communication, November 6, 2012).  

6.2.2 Feedstock Cost in EU Countries and USA 

In a before mentioned study by Bender (1999), the cost of Canola oil is 0,17 USD/kg 

multiplied with 3,7 (kilos needed for 1 liter of canola oil) with outcome of 0,63 

USD/liter. The same method applies for animal fat which is 0,26 USD/kg multiplied 

with 1 kg/liter with an outcome of 0,26 USD/liter. Finally, the cost of RSO is 0,29 

USD/kg multiplied with 2,4 kg/liter with an outcome of 0,7 USD/liter. Not included in 

these calculations are subsidies and credit due to the by-product of meal for canola and 

rapeseed (animal fat does not include a by-product in this step in the process for 

biodiesel). The credit for rapeseed meal is estimated 0,27 USD/kg and 0,5 USD/kg for 

canola meal. Both the amount of meal from canola as well the price is higher than meal 

sourced from rapeseed. In another study about a process model to estimate the cost of 

industrial scale biodiesel production from waste cooking oil by supercritical 

transesterification (Kasteren & Nisworo, 2007), the cost of waste cooking oil is 0,21 

USD/liter (26 million USD/total amount of feedstock divided by plant capacity, which 

is 125 tons/annually).  

In 2005, a report was published about the economic evaluation of biodiesel production 

from RSO in Scotland (Booth, Booth, Cook, Ferguson, & Walker, 2005). Five scales of 

facilities of RSO processing plants and biodiesel plants were examined. Table 12 

illustrates these five different 

scenarios, which are marked 

from 1 to 5 on left side in 

table 12 below. Farm scale 

(1) produces vegetable oil 

only, farm scale (2) produces 

biodiesel, small group (3) 

produces pure vegetable oil 

only, group scale (4) and 

medium scale (5) produces both biodiesel. Producing capacity is shown on the right side 

in table 12. The cost of feedstock sourced from rapeseed is shown in Pounds per liter 

(Pound/ltr). The cost is then converted to USD/ltr (6), where the average currency 

Produced

Pound/ltr USD/ltr⁶ ISK/ltr⁷ liter/year

Farm scale¹ 0,72 1,31 160 40.890

Farm scale² 0,54 0,98 119 102.600

Small group³ 0,41 0,75 91 390.000

Group scale⁴ 0,44 0,79 97 5.340.000

Medium scale⁵ 0,28 0,51 62 33.300.000

Size of 

processing 

Cost of feedstock

Source: Adapted by author from (Booth, Booth, Cook, Ferguson, & 
Walker, 2005),  (X-rates.com, 2005) & (Central Bank of Iceland, 2012). 

Table 12 - Cost of feedstock for five scales of RSO and biodiesel 

production facilities - Scotland. 
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exchange rate for Pound vs. USD in 2005 was 0,55 pounds (X-rates.com, 2005). The 

average exchange rate in 2005 is used because the Booth et al. study was published in 

2005. To calculate ISK/liter (7), the average exchange rate in USD vs. ISK in 2010, 

2011 and until 15
th

 of October 2012 is used, which is 122 ISK for one USD. Therefore, 

the cost per liter in ISK for farm scale production is estimated at 160 ISK/liter, 119 

ISK/liter for small scale, 91 ISK/liter for small group, 97 ISK/liter for group scale and 

62 ISK/liter for medium scale production. These numbers do not include other operation 

costs such as labor, power, maintenance, overhead and interest. Also, it does not include 

government subsidies and possible credit value due to the price of meal or glycerol (see 

appendix 7). In research by Demirbas (2009), the cost of the international average 

feedstock price for biodiesel production in 2007,  sourced from waste cooking oil, is 

estimated at 224 USD/ton or about 0,22/kg. Also, the price of RSO is 824 USD/ton or 

about 0,82 USD/liter (Demirbas, 2010). 

6.2.3 Summary & Comparison 

Table 13 demonstrates the different costs of feedstock between different studies, reports 

and research in ISK/liter. Depending on the appropriate currency (Euro, Pound or 

USD), the average exchange rate for the year 2010, 2011, and until 15
th

 October 2012, 

is used to convert to ISK/liter. The type of feedstock is on the left in table 13. 
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Table 13 - Comparison of different cost of feedstock between RSO, canola oil, waste cooking oil and animal fat 

in Scotland, USA, and Iceland and at international market. 

 

Source: Adapted by author from (Indexmundi, 2012), (Central Bank of Iceland, 2012) & source list in above 
table. 

In the comparison of the cost, it is clear that the cost of feedstock varies according to 

size or capacity of the plant. Therefore, the economy of scale can be used as frame, 

were the cost per unit decreases with increased production. All the cost figures do not 

include government subsidies and possible credit value due to by-products such as meal 

and/or glycerol except for RSO feedstock in Iceland.  That cost includes 14 ISK/liter 

credit due to the price of straw and government subsidy. Without government support 

and no credit value due to price of straw, the cost would be 75 ISK/liter instead of 49 

ISK/liter. 

6.3 Biodiesel Cost 

In chapter 5.3, the chemical reaction in biodiesel processing was illustrated as well the 

biodiesel process in a general way. Biodiesel can be made in multiple ways, the choice 

of method depends for instance on feedstock type (vegetable oil, animal fat, waste oil 

etc.) and the quality of the feedstock. Th simplest method and most common is batch 

processing. Figure 16 illustrates this process in a visual way. To begin with, the oil is 

heated up to 60 °C (usually for vegetable oil) but it can be in the range of 25 °C to 85 

°C, depending on the feedstock. Methanol and catalyst (NaOH) is blended with the oil 

in the transesterification process. The blend requirement is about 1% catalyst, 12% 

methanol and 87% oil. 

Produced/capacity* Source

liter/year

Farm scale 160 40.890 Scotland (Booth et al., 2005)

Farm scale 119 102.600 Scotland (Booth et al., 2005)

Small group 91 390.000 Scotland (Booth et al., 2005)

Group scale 97 5.340.000 Scotland (Booth et al., 2005)

Medium scale 62 33.300.000 Scotland (Booth et al., 2005)

Industrial 85 7.500.000 * USA (Bender, 1999)

Small scale 49 960.000 Iceland (Bernódusson, 2010) 

Not included 159 Not included Fob Rotterdam (Indexmundi, 2012)

Not included 100 Not included Int. averg. 2007 (Demirbas, 2010)

Canola oil Community 77 2.000.000 * USA (Bender, 1999)

Small scale  10 - 20 300.000 Iceland

Industrial 26 125.000.000 USA (Kasteren & Niswore, 2007)

Not included 27 Not included Int. averg. 2007 Demirbas, 2010)

Not included 18 - 22 Not included Iceland

Community 32 2.000.000 * USA (Bender, 1999)

RSO

Waste 

cooking 

oil

(G. T. Batson, personal 

communication, November 6, 

Animal-/ 

tallow fat

(Framleiðsla lífdísils úr 

Type of 

feedstock

Scale of 

processing plant ISK/liter Country/origin



53 
 

 

Figure 16 - Process of biodiesel production. Source: (Gerpen, Shanks, Pruszko, Clements & Knothe, 2004). 

In the “phase separation” stage in figure 16, the glycerol is allowed to settle down in the 

tank but sometimes a centrifuge is used. The biodiesel is then neutralized with acid and 

washed usually with water, to remove methanol and salts. Also, is possible to wash 

biodiesel with a so called dry washing system. Finally, the methanol recovery is 

estimated about 75% (Gerpen, Shanks, Pruszko, Clements & Knothe, 2004).  

6.3.1 Biodiesel Cost in Iceland 

Carbon Recycling International (CRI) provides Renewable Methanol (RM) both for 

Orkey and Íslenska Gámafélagið (IG). The cost is about 120 ISK/liter for IG (G. T. 

Batson, personal communication, November 6, 2012) and about 150 ISK/liter for Orkey 

which includes the transport cost for Orkey (the plant is located several hundred 

kilometers away from Reykjavik area), estimated at 20 – 25 ISK/liter. The cost for 

conventional imported methanol is about 142 ISK/liter (K. Sigurharðarson, personal 

communication, October 16, 2012). 
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Table 14 - Cost of catalyst, renewable methanol and methanol in Iceland. 

 

Source: Adapted by author from (K. Sigurharðarson, personal communication, October 16, 2012) & (G. T. 
Batson, personal communication, November 6, 2012). 

Another important raw material in biodiesel production is the catalyst sodium hydroxide 

(NaOH). The cost is estimated at 250 ISK/kg (K. Sigurharðarson, personal 

communication, October 16, 2012). 

6.3.2 Biodiesel Cost in EU Countries and USA 

In a study by Bender (1999), the price for chemicals varies due to different process 

methods of the plant. Again, the economy of scale also affects these costs as in the cost 

of feedstock in chapter 6.2.  

Table 15 - Cost of catalyst and methanol abroad. 

 

Source: Adapted by author from (Booth, Booth, Cook, Ferguson, & Walker, 2005), (Bender, 2009), (Demirbas, 
2009), (Kasteren & Niswore, 2007) & (Central Bank of Iceland, 2012). 

Most of the cost of raw material in table 15 contains costs for both methanol and 

catalyst (NaOH) except the studies by Demirbas (2009) and Karsten & Niswore (2007) 

which show 6,1 and 4,1 ISK/liter respectively.  

Produced/capacity

liter/year

Ren. Methanol (RM) 120 3,6 100.000 - 300.000

Methanol 142 4,3 100.000 - 300.000

Catalyst (NaOH) 250 2,5 100.000 - 300.000

Type of raw material

Cost per 

liter/kg

ISK

/liter

Produced/capacity*

liter/year Type of feedstock Source

18 102.600 RSO (Booth et al., 2005)

5 5.340.000 RSO (Booth et al., 2005)

4 33.300.000 RSO (Booth et al., 2005)

9,7 7.500.000 * RSO (Bender, 1999)

2,4 2.000.000 * Canola oil (Bender, 1999)

2,4 2.000.000 * Animal-/ tallow fat (Bender, 1999)

6,1 Not included vegetable oil (Demirbas, 2009)

Methanol 4,1 125.000.000 waste cooking oil

Methanol 

(Kasteren & 

Niswore, 2007)

Type of raw 

material

ISK/

liter

Methanol & 

NaOH

Methanol & 

NaOH

Methanol & 

NaOH

Methanol & 

NaOH

Methanol & 

NaOH

Methanol & 

NaOH
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6.3.3 Summary & Comparison 

The cost of methanol and catalyst such as sodium hydroxide (NaOH) seems to be very 

similar between countries. Again, the costs are heavily dependent on the size of the 

production plant and process method. The cost of methanol and catalyst can be lowered 

with an effective methanol recovery system. Nevertheless, the price of RM in Iceland is 

even cheaper than imported methanol, which is positive regarding the environmental 

point of view. 

6.4 Market Situation 

The next subchapters about the market situation will start on subchapter 6.4.1 about the 

market situation for RSO and biodiesel in Iceland. The market situation regarding by-

products, vehicles and the fishing fleet will be analyzed. Subchapter 6.4.2 is about the 

market situation in Europe both for by-product (meal) and biodiesel.  

6.4.1 Rapeseed Oil & Biodiesel Market in Iceland 

In Iceland, there are three main companies that import and distribute fuel domestically. 

N1 is the only company of those three that imports biodiesel and RSO for domestic use 

(N1, 2012). The domestic market situation for biodiesel is still very limited, and as 

before mentioned in chapter 4.4, the use of renewable fuel in Icelandic transportation is 

still below 1%. N1 is selling biodiesel as blend with fossil diesel at four service stations 

in the capital area. It is sold as B5 (5% biodiesel and 95% fossil diesel), where the price 

of biodiesel is the same as fossil diesel. (N1, 2012).  

Today, N1 imports RSO which is used by the Icelandic Road Administration (ICERA) 

as blend in asphalt in road construction. White sprit has been used, but due to 

environmental issues and difficulty in domestic climate environment, were the 

temperature is often fluctuating above and below zero (Celsius), is important to find 

new solutions to increase the quality of the asphalt. In the year 2010, RSO consumption 

by ICERA was about 400 – 500 thousand liters (S. Hjartarson, personal communication, 

August 15, 2010). 

As before mentioned in chapter 5.2.3, domestically produced RSO has been tested and 

used in several industries. Today, most of the RSO produced in Þorvaldseyri is sold as 

cooking vegetable oil at the farm and also in health food stores in Reykjavik (see 

appendix 5). According to the farmer in Þorvaldseyri, the price out of the store is about 

1.700 ISK for 500 ml. bottle (about 14 USD). The farmer sells the bottle to the stores at 
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1.000 ISK for 500 ml. (about 8 USD) (Ó. Eggertsson, personal communication, 

November 16, 2012).  

Since the New Year 2010/2011, a fishing company in Grindavík, in the southwest of 

Iceland, has used RSO for their long liner. This fishing method requires line that is as 

free from rancidity as possible. So far, solutions like WD-40 have been used, which is 

used to get rid of rust and to increase lubricity in metal parts. The use of RSO has a 

better effect firstly due to the environmental point of view and secondly due to the 

price. The price of WD-40 was estimated to be 670 ISK/liter (about 5,5 USD/liter) 

while the price of RSO was estimated to be 500 ISK/liter (about 4,1 USD/liter) (A. 

Guðmundsson, personal communication, Mai 17, 2011). 

RSO from Þorvaldseyri has also been used as massage oil by Urtasmiðjan, a company 

located in north of Iceland (Urtasmiðjan ehf, 2012). Only first class material is used as 

material in massage oil and the best massage specialists in Iceland are pleased with the 

quality of the domestic RSO. In addition, RSO from Þorvaldseyri has also been sold in 

soap production (Sápan, 2011). According to the farmer in Þorvaldseyri the price that he 

receives is about 500 ISK/liter (about 4,1 USD/liter) for RSO (Ó. Eggertsson, personal 

communication, August 16, 2011). 

6.4.1.1 By-products 

In the cultivation process of oilseed, straw is a by-product that can be a value product 

under the right circumstances. For instance, in the north of Iceland near the 

neighborhood of Sauðárkrókur is an experimental project which involves the use of 

straw from grain farmers in a nearby area for use as bedding for horses (Birgisson, 

2011).  

In the oil press process the most valuable by-product is formed, which is meal 

(seedcake). As mentioned in chapter 5.2.1 about the by-product, it is formed in the oil 

press process, refuse meal is valuable due to a high content of protein. Therefore, 

rapeseed meal is suitable as an animal feed supplement. The price estimated for 

rapeseed meal is about 60 ISK/kg (Birgisson, 2011). Nevertheless, the actual price for 

rapeseed meal is even higher as the farmer in Þorvaldseyri is selling rapeseed meal to 

fish farms for 80 ISK/liter (Ó. Eggertsson, personal communication, November 2, 

2010). 
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In the biodiesel process, glycerol is formed. According to Biodiesel ltd., the glycerol is 

collected in a container and then sent to waste disposal in Sorpa (waste disposal 

company) (Á. Mattíhasson, personal communication, November 7, 2012). A similar 

situation is in Orkey as well as in IG. None of these biodiesel producers have been able 

to establish a price for glycerol. The reason is perhaps a lack of purity of the glycerol as 

well as a lack of industry domestically that can use glycerol in their production (K. 

Sigurharðarson, personal communication, October 16, 2012). 

6.4.1.2 Vehicles 

The price of diesel fuel today, is composed of several factors  as table 16 shows.  On the 

30th of November, 2012, the price of diesel in Orkan self-service was 259 ISK/liter 

(Gsm Bensín, 2012). Total tax is (VAT + oil tax + carbon tax) 112 ISK/liter (Laxdal, 

2012), while estimated purchase price is 107ISK/liter and estimated transfer, insurance 

cost and markup is 40 ISK/liter (Gíslason, 2011). About 43% of the price is due to taxes 

(Laxdal, 2012).  

Table 16 - Composition of fossil diesel price in Iceland to consumer. 

 

Source: Adapted by author from (Gsm Bensín, 2012), (Laxdal, 2012) & (Gíslason, 2011). 

In the period from 1982 until 1998, the internal proportion of energy consumption was 

rather stable. About 78 – 80% of fuel consumption was petroleum while 20 – 22% was 

diesel consumption. With a change in the tax system, consumption of diesel became 

more feasible for car owners in addition to improved technology regarding diesel 

engines. As figure 17 shows, the proportion of diesel increased from about 20% in 1998 

to about 40% in 2010 (Græna Orkan, 2011). 

ISK/liter % of the price Composition

51 20% Value added tax (VAT)

55 21% Oil tax

5,75 2% Carbon tax

107 41% Estimated purchase price

40 15% Estimated transfers-, insurance cost and markup

259 100% Price of diesel
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Figure 17 - Proportion of petrol- and diesel fuel in Icelandic transport from 1982 – 2010. Source: (Græna 
Orkan, 2011). 

The proportion of other energy sources other than fossil fuel is only about 0,2% of total 

transportation consumption in Iceland. The most common energy sources that are used 

instead of fossil fuel are methane, biodiesel, hydrogen and electricity. Figure 18 (below) 

illustrates the use of renewable energy in Icelandic transportation from 1998 until 2010. 

 

Figure 18 - Proportion of renewable energizer in Icelandic transportation from 1998 – 2010. Source: (Græna 

Orkan, 2011). 
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As can be seen in figure 18 (above), the use of electricity and hydrogen energy is almost 

zero. The reason for the low proportional use of electricity is because the usage is part 

of household electricity use. The use of biodiesel is very limited while the most increase 

in use has been in methane as renewable energy in Icelandic transportation (Græna 

Orkan, 2011). 

6.4.1.3 Fishing vessels 

The price of marine oil is composed of the same factors as for vehicles, except for the 

oil tax according to law nr. 87/2004 from Icelandic parliament, Alþingi. In Birgisson’s 

(2010) study, the average price of marine oil is about 90 ISK/liter for (VAT included) 

for FISK Seafood Ltd., a fishing company located in the north of Iceland, while the list 

price of marine oil is about 121 ISK/liter in 2009. According to that price, the discount 

is about 25% for a common Icelandic fishing company. 

The Icelandic fishing fleet uses approximately one third of the total diesel consumption 

in Iceland or about 200 thousand tons per year (Græna Orkan, 2011). The main 

objective in the EFE (Environmentally Friendly Energy) project, mentioned in chapter 

5.1.1, is to increase the use of renewable energy in the Icelandic fishing fleet. 

6.4.2 Biodiesel Market in EU Countries 

The growth of biofuel consumption in the transport sector has dropped down for the last 

few years in Europe. Between 2007 and 2008 the growth was 41,7%, 24,6% between 

2008 and 2009, 13,8% between 2009 and 2010 and down to only 3,1% between 2010 

and 2011. The main reason for this downturn in consumption is two reasons: Firstly, 

due to a recession in Europe (especially in central and south Europe), many countries 

have lowered or kept low their incorporation rate of biofuel proportion in fuel. The 

consumption forecast for 2020 has also been decreased by 32% compared with that 

forecast in 2011 (Hart Energy, 2012). Secondly, many countries have pushed back the 

date by which member states must incorporate biofuel into their national market. In 

2011 the total consumption of biodiesel was about 14 Mtoe (millions of tons of oil 

equivalent) as figure 19 shows, compared to 13,6 Mtoe in 2010. Nevertheless, biodiesel 

represents about 78% of the total biofuel use in Europe (Eurobserv'er, 2012). A further 

graphical illustration of biofuel consumption between countries in Europe can be seen 

in appendix 8.  
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Figure 19 - Biofuel consumption in EU-27 countries in 2011. Source: (Eurobserv'er, 2012). 

 

6.4.2.1 By-products 

The price of meal is highly related to the agricultural and food industry in the world.  

Soybean meal contains higher amount of protein than rapeseed meal, as figure 20 shows 

in higher price for soybean meal according to Food and Agricultural Policy Research 

Institute (FAPRI).  According to FAPRI, the average price of rapeseed meal has 

increased from about 120 USD/ton in year 2000 up to about 210 USD/ton in 2012. The 

projected price is estimated around 200 USD/ton for the next eight years, until 2020 

(European Commission: Agriculture and Rural development, 2011).  
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Figure 20 - The average price of oilseed meals and protein meals from 2000 – 2012 and forecasted price to 
2020. Source: (European Commission: Agriculture and Rural development, 2011). 

Table 17 shows different prices of rapeseed- and canola meal both in Scotland, the US 

and Canada. The price is from 23 ISK/kg up to 61 ISK/kg. In the Booth et al. study 

(2005), the price of rapeseed meal increases according to decreased production capacity. 

That is due to more higher quality (including higher proportion of protein) meal because 

of cold pressing as mentioned in chapter 5.2. 

Table 17 - Price of oilseed meal in Scotland, USA and Canada. 

 

Source: Adapted by author from (Booth et al., 2005), (Bender, 1999), (European Commission, 2011), (Fore et 
al., 2011), (Canola council of Canada, 2012) & (Central Bank of Iceland, 2012). 

The price of glycerol has decreased for the last years due to oversupply. According to 

Bender’s study (1999), the price of glycerol is from 0,06 – 0,10 USD/liter. Also in 

Demirbas study (2009), the price of glycerol is 0,12 USD/liter. 

 

 

Produced/capacity*

Country/

origin Source

liter/year

Rapeseed Farm scale 0,27 60 40.890 Scotland (Booth et al., 2005)

Rapeseed Farm scale 0,22 48 102.600 Scotland (Booth et al., 2005)

Rapeseed Small group 0,16 35 390.000 Scotland (Booth et al., 2005)

Rapeseed Group scale 0,17 37 5.340.000 Scotland (Booth et al., 2005)

Rapeseed Medium scale 0,11 24 33.300.000 Scotland (Booth et al., 2005)

Rapeseed Industrial 0,27* 60 7.500.000 USA (Bender, 1999)

Rapeseed Not included 0,21* 26 average 2012 USA (European Commission, 2011)

Canola small scale 0,19* 23 30 - 50.000 USA (Fore et al., 2011)

Canola Community 0,50* 61 2.000.000 * USA (Bender, 1999)

Canola Not included 0,22* 27 average (2000-2012) Canada (Canola counsil of Canada, 2012)

Type of 

meal

Scale of 

processing 

plant

Pound/kg 

USD*/KG ISK/kg
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6.4.2.2 Vehicles 

The average EU-27 diesel 

price for automobile was 

about 1,59 Euro/liter in 

August 2012.  In the UK, 

the price was 1,77 

Euro/liter at the same 

time. An estimated price 

structure can be seen in 

table 18 for the UK. The value added tax (VAT) is 20% in the UK and is added at the 

end to the price, therefore 0,3 Euro/liter is 17% of the end consumer price (Edwards, 

2012).  

6.5 Profitability Assessment & Assumptions - Iceland 

As described in chapter 3 about 

methodology and assumptions, the 

Net Present Value (NPV) method is 

used for the profitability assessment 

to evaluate the feasibility of biodiesel 

production between Iceland and 

other countries. The assumptions 

from Birgisson’s (2011) study will 

used as a base in the NPV model. As 

mentioned before, several studies 

conclude that 75 – 88% of the 

operation cost is due to the cost of 

feedstock. Table 19 shows the main 

factors in thousand USD and 

thousand ISK regarding cost and 

revenue in Birgisson’s (2011) study. 

The main results in Birgisson’s 

(2011) study, with an assumed 15% 

MARR (Minimum Attractive Rate of 

Return), a 9% interest rate and 10 

ISK/liter Euro/liter % of the price Composition

48,19 0,30 17% Value added tax (VAT)

120,15 0,74 42% Indirect fuel duty

120,81 0,74 42% Market price

289,16 1,77 100% Price of diesel

Source: (Edwards, 2012) & (Central Bank of Iceland, 2012). 

Cost and revenue factors

Cost: USD 000 ISK 000

Investment 268 32.964

Working capital 270 33.210

Total financing 538 66.174

Operation cost (cost/liter): USD/ltr ISK/ltr

Feedstock 0,4 49

Other 0,03 3

Total oil extraction 0,43 52

Methanol 0,06 8

Catalyst (NaOCH) 0,04 5

Other 0,007 1

Total biodiesel 0,11 13

Fixed and labor cost: USD 000 ISK 000

Fixed cost 56 6.888

Labour cost (first 5 years) 122 15.006

Total (first 5 years) 178 21.894

Labour cost (last 5 years) 153 18.819

Total (last 5 years) 209 25.707

Revenues: USD/ltr ISK/ltr

Biodiesel (price/liter) 0,64 79

Meal (price/kg) 0,48 60

Glycerol (price/liter) 0,12 15

Birgisson (2011)

Source: Adapted by author from (Birgisson, 2011) & 
(Central Bank of Iceland, 2012) 

Table 18 - Composition of fossil diesel price in UK to consumer. 

Table 19 - The main cost- and revenue factors in Birgisson 
(2011) study. 
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years of operation, is that the project delivered a NPV of minus 30 thousand USD and 

minus 24 thousand USD of equity in the year 2022. The estimated project was therefore 

not estimated as profitable for investors, also because the IRR (Internal Rate of Return) 

was below 15% or 14% as IRR of equity and 14% as IRR of the project. According to 

sensitivity analysis, another interesting result would be that with 10% higher price for 

rapeseed meal, the IRR of equity would be 22% instead of 14%. With a 10% higher 

price for biodiesel as well, this would mean a 21% IRR of equity. In the same way, a 

10% lower cost regarding RSO feedstock would mean a 22% IRR of equity.  

One important limitation is necessary to mention in the assumption for biodiesel pricing 

in NPV and IRR calculations. The expected buyer of the biodiesel is an oil distribution 

company, who has all the resources to distribute and sell fuel to the end consumer. For 

instance, the oil company N1 in Iceland is an example of this kind of company. 

Therefore, costs regarding transferring, distribution and operation of fuel stations are 

not included in the profitability assessment. 

Today, several factors have changed in the assumption for feasibility calculations of 

biodiesel production in Iceland compared to Birgisson’s (2011) study. Table 20 contains 

these changes, which are changes in cost factor like cost of investment, total financing, 

operation cost (mostly due to change in feedstock cost) and in cost of methanol and 

catalysts. No change is estimated in fixed and labor cost. The revenue factors also 

changes regarding price of biodiesel and glycerol while the price of meal remains 

unchanged. 

Table 20 shows these changes in numbers and percentages and each factor will be 

illustrated as follows, according to each factors number as shown on the left in table 20. 

The figures for cost and revenue factors are both illustrated in ISK and USD according 

to before mentioned assumption regarding exchange rate. 
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Table 20 - Change in cost- and revenue factors from Birgisson (2011) study until present tense. 

 

Source: Adapted by author from (Ó. Eggertsson, personal interview, November 2, 2012), (Birgisson, 2011), 

(Skeljungur, 2012) & (Central Bank of Iceland, 2012). 

1. In Birgisson’s (2011) study, it is estimated to purchase a cold press from China. 

The investment cost was estimated at 3,1 million ISK (about 26 thousand USD) 

for two oil presses with transportation and installation costs included (see 

appendix 9). According to the farmer in Þorvaldseyri (Ó. Eggertsson, personal 

interview, November 2, 2012) it is extremely important to have an oil press that 

is certified as an acceptable oil press. The highest quality oil presses are made in 

Germany where the price is around 10 million ISK and it is this type that is used 

in Þorvaldseyri. This increased investment cost increases the cost of investment 

by 21% or from about 33 million ISK to almost 40 million ISK. 

2. No change in working capital. 

3. Due to increased investment cost, the total financing increases by 10% (see 

appendix 10).  

4. In Birgisson’s (2011) study, the surroundings and region assumptions are 

important for the results of the study. The location of the biodiesel facility is 

Number Cost and revenue factors Change %

Cost: USD 000 ISK 000 USD 000 ISK 000

1 Investment 268 32.964 324 39.528 21%

2 Working capital 270 33.210 270 33.210 0%

3 Total financing 538 66.174 594 72.468 10%

Operation cost (cost/liter): USD/ltr ISK/ltr USD/ltr ISK/ltr

Feedstock 0,4 49 0,55 67 38%

Other 0,03 3 0,03 3 0%

4 Total oil extraction 0,43 52 0,58 71 35%

Methanol 0,06 8 0,03 4 -50%

Catalyst (NaOCH) 0,04 5 0,02 2 -50%

Other 0,007 1 0,007 1 0%

5 Total biodiesel 0,11 13 0,06 7 -47%

Fixed and labor cost: USD 000 ISK 000 USD 000 ISK 000

6 Fixed cost 56 6.888 56 6.888 0%

Labour cost (first 5 years) 122 15.006 122 15.006 0%

7 Total (first 5 years) 178 21.894 178 21.894 0%

Labour cost (last 5 years) 153 18.819 153 18.819 0%

8 Total (last 5 years) 209 25.707 209 25.707 0%

Revenues: USD/ltr ISK/ltr USD/ltr ISK/ltr

9 Biodiesel (price/liter) 0,64 79 0,95 117 48%

10 Meal (price/kg) 0,48 60 0,48 60 0%

11 Glycerol (price/liter) 0,12 15 0 0  -

Birgisson (2011) Iceland
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restricted to the Skagafjörður area, in north of Iceland. In that area is an unused 

building that is suitable for oil seed pressing and biodiesel production. An 

experimental project of drying straw and adding it to waste paper for use in 

bedding for horses has been conducted there. In Birgisson’s (2011) study the 

price for straw is included as credit in the operation cost, or as 7 ISK/kg. In this 

study, no credit due to straw will be estimated mainly due to two reasons. 

Firstly, there are very pessimistic assumptions for the price for straw in the light 

of the fact that it is used in the experimental project. Secondly, this price can 

only be for those who are cultivating rapeseed in the nearby the facility, 

otherwise the transfer cost will reduce any benefit. The cost of seeds from 

rapeseed increases from about 16 ISK/kg to about 23 ISK as mentioned in 

subchapter 6.1.1. To produce 1 thousand liters of RSO, 3 thousand kg of seeds is 

needed. Due to this threefold multiplicity, the cost of feedstock was about 49 

ISK/liter in Birgisson’s (2011) study but increases to 67 ISK/liter, though 

included in this calculation is an increased government cultivation support from 

10 thousand ISK/ha to 15 thousand ISK/ha as mentioned in chapter 4.4. Other 

costs (electricity, drying and etc.) add about 3 ISK/liter. Therefore, the total oil 

extraction cost is 71 ISK/liter, an increase by 35%. (see appendix 11) 

5. The total cost of biodiesel decreases by 47% because of cheaper domestically 

made methanol (renewable methanol) and a lower cost of catalyst. This is 

according to the cost of methanol and catalyst in table 14 in subchapter 6.3.1. 

The total cost of biodiesel production (cost of oil extraction excluded) is 7 

ISK/liter instead of 13 ISK/liter. The total operation cost (from cultivation to 

transesterification) is about 78 ISK/liter instead of 65 ISK/liter. 

6. Fixed costs include rent, maintenance, hot water, insurance and management. 

The fixed costs are unchanged. 

7. For the first five years of operation, three employees are required. Therefore 

there is no change in the total fixed and labor costs. 

8. The total fixed costs and labor cost are 178 thousand USD for the first five years 

of operation. In the fifth operation year of the facility, the capacity of the 

production increases. Two employees are hired to work in the fifth year which 

increases the total labor cost both in Birgisson’s (2011) study and domestically. 

Nevertheless, there are no changes in the total fixed and labor costs between 

studies. 
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9. According to table 16, subchapter 6.4.2.1, the purchase cost for a common oil 

company in Iceland is about 107 ISK/liter plus 40 ISK/liter in estimated 

transfer/insurance cost and markup. In total, this is 147 ISK/liter, or about 56% 

of the total consumer end price. Domestic, environmentally friendly fuel is 

excluded from the oil tax and carbon tax as mentioned in chapter 4.4. In total, 

about 61 ISK/liter, or about 23% of the final price to the end consumer. The 

estimated 56% of the price is the cost that the domestic oil company has to pay 

for fuel (it also includes transfer/insurance, cost and markup, which is added to 

the price by the oil company). Nevertheless, domestically made biodiesel is 

excluded from about 23% of the final price, in this case about 61 ISK/liter. For 

the biodiesel price assumption, this tax concession will be divided between the 

producer and the buyer. The price for domestically made biodiesel is therefore 

117 ISK/liter (147 ISK/liter minus 30 ISK/liter (about half of 61 ISK/liter) plus 

30 ISK/liter VAT (25,5%)) as table 21 illustrates.  

Table 21 - Estimated price of biodiesel and price composition - Iceland. 

 

Source: Adapted by author. 

10. No change in price of meal. 

11. According to interviews with specialists in the field of biodiesel production, 

there is no market for glycerol in Iceland today. Therefore, the price is estimated 

to be zero in this study instead about 15 ISK/liter in Birgisson’s (2011) study. 

6.6 Net Present Value (NPV) & Internal Rate of Return (IRR) - Iceland 

The results, according to given assumptions, show that the project delivers a NPV of 99 

thousand USD and 118 

thousand USD of equity. The 

internal rate of return (IRR) is 

19% for project and 22% for 

equity as table 22 shows. 

Euro/ltr ISK/ltr Composition

0,72 30 Value added tax (VAT: 25,5%)

-0,18 -30 Tax consession

0,66 107 Estimated purchase price

0,25 40 Estimated transfers-, insurance cost and markup

1,44 117 Price of biodiesel

Iceland Project Equity

NPV of Cash Flow 99 118

Internal Rate of Return 19% 22%

Source: Adapted by author. 

Table 22 - NPV and IRR results - Iceland. 
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Therefore, the production is profitable to investors according to a 15% minimum 

attractive rate of return (MARR). The calculated IRR of the project and equity is higher 

than the MARR and NPV of the project and equity is above zero. Other results will be 

illustrated in the next subchapters and in appendix 12 there is a further illustration about 

investment, operation, cash flow, balance and profitability. 

6.6.1 Other Results 

Figure 21 illustrates 

two factors, which are 

total cash flow & 

capital and net cash 

flow & equity. From 

the year 2012, both 

factors are negative but 

total cash flow & 

capital becomes 

positive by 26 thousand 

USD in 2015. Increased 

capitalization due to 

equipment investment 

is needed because of 

increased capacity of the plant, therefore total cash flow & capital becomes negative by 

minus 58 thousand USD in 2017. Then from 2018 and until 2022, these two factors 

become more and more positive with total cash flow & capital in 393 thousand USD 

and net cash flow & equity in 338 thousand USD in the final year 2022. More results 

can be seen in appendix 13. 

6.6.2 Sensitivity Analysis and Discussions 

A Sensitivity analysis is supposed to give a better explanation of uncertainties in various 

assumptions with changes in revenue factors or in cost factors. The sensitivity analysis 

in this study will show a scenario and impact analysis with a 10% change either in the 

revenue factor or in the cost factor with a result in a different NPV and IRR of equity 

according to those changed assumptions. 

Figure 21 - Total cash flow & capital and net cash flow & equity - Iceland. 
Source: Adapted by author. 
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6.6.2.1 Scenario Analysis 

In scenario analysis, three different scenarios are put forward which change the 

financial results. These three scenarios are a pessimistic scenario, the most likely 

scenario and an optimistic scenario. Table 23 shows what happens if the price of 

biodiesel and meal decreases by 10% (pessimistic), stays unchanged (most likely) or 

increases by 10% (optimistic). In the optimistic scenario, the NPV of equity increases 

from 118 thousand USD (most likely) to 424 thousand USD and the IRR of equity 

increases from 22% to 40%. On the other hand, in a pessimistic scenario, the NPV of 

equity decreases down to minus 196 thousand USD and the IRR of equity decreases to 

3%. 

Table 23 - The change in NPV and IRR of equity with a 10% (+/-) change of price in biodiesel and meal – 
Iceland.  

 

Source: Adapted by author. 

In the same way, table 24 below illustrates different scenarios regarding operation costs 

(variable cost of oil extraction and biodiesel production) and fixed costs. With a 10% 

decrease in costs (optimistic), the NPV of equity increases to 226 thousand USD and the 

IRR increases as well from 22% to 29%. In a pessimistic scenario, the NPV of equity 

decreases from 118 thousand USD to 4 thousand USD and the IRR of equity decreases 

as well from 22% to 15%. 

Table 24 - The change in NPV and IRR of equity with a 10% (+/-) change in operation cost and fixed cost - 
Iceland.  

 

Source: Adapted by author. 

Scenario Summary Current Values: pessimistic Most likely Optimistic
Changing Cells:

Price biodiesel 100% 90% 100% 110%

Price rapemeal 100% 90% 100% 110%

Result Cells:

NPV Equity (USD 000) 118 -196 118 424

IRR Equity 22% 3% 22% 40%

Scenario Summary Current Values: pessimistic Most likely Optimistic

Changing Cells:

Operation cost 100% 110% 100% 90%

Fixed cost 100% 110% 100% 90%

Result Cells:

NPV Equity (USD 000) 118 4 118 226

IRR Equity 22% 15% 22% 29%
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6.6.2.2 Impact Analysis 

In the range of -50% to 50%, impact analysis shows a change in the financial result with 

a change (increase or decrease) by 10%. The revenue factors represent price of meal 

(P/meal), price of biodiesel (P/bio) and quantity of biodiesel (Q/bio) as table 25 shows. 

The price of biodiesel is the most single sensitive factor among revenues factors. With a 

10% increase in price of biodiesel, the IRR of equity increases from 22% to 32%. The 

cost factors are loan interest, USD exchange rate, equipment cost, variable cost of 

biodiesel production (variable cost bio), variable cost of making RSO (variable cost oil) 

and fixed costs.  Among cost factors, the variable cost of making RSO is the most 

crucial factor among cost factors. With a 20% decrease in variable cost of making RSO, 

the IRR of equity increases to 42%.  

Table 25 - Impact analysis of IRR of equity with changes in revenue- and cost factors by (+/-) 10% - Iceland. 

 

Source: Adapted by author. 

Figure 22 illustrates the most sensitive factors among revenue and costs in a visual way. 

The left axis (y-axis) shows different IRR (of equity) percentages according to change 

in costs or in revenue on the x-axis. The cost and revenue factors are shown on the right 

side in the figure. The revenue factors are the price of biodiesel (P/bio) and the price of 

meal (P/meal), while the cost factors are the variable cost of making RSO (variable cost 

oil), fixed cost and the variable cost of biodiesel (variable cost bio). The most 

significant factor is the variable cost of making RSO, the position of the line is closest 

to being vertical and therefore the IRR of equity is most sensitive to a change in 

variable cost of making RSO. 

Change:

-50% 0% 0% 0% 22% 28% 30% 25% 75% 66%

-40% 0% 0% 0% 22% 27% 28% 25% 63% 56%

-30% 0% 0% 0% 22% 25% 26% 24% 53% 46%

-20% 5% 1% 2% 22% 24% 25% 23% 42% 38%

-10% 14% 12% 13% 22% 23% 23% 23% 32% 29%

0% 22% 22% 22% 22% 22% 22% 22% 22% 22%

10% 30% 32% 31% 22% 21% 21% 21% 12% 15%

20% 38% 42% 40% 22% 20% 19% 21% 1% 9%

30% 47% 52% 50% 22% 19% 18% 20% 0% 3%

40% 55% 62% 59% 22% 18% 17% 19% 0% 0%

50% 64% 73% 69% 22% 17% 16% 19% 0% 0%

Revenue factors

P/bioP/meal Q/bio 

fixed 

cost

Cost factors

variable 

cost bioUSD

equipment 

cost

loan 

interest

variable 

cost oil
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Figure 22 - Impact analysis on IRR of equity (y-axis) with changes in revenue- and cost factors by (+/-) 10% in 
the range of -50% to 50% on x-axis - Iceland. Source: Adapted by author. 

 

6.7 Profitability Assessment & Assumptions - Scotland 

The climate conditions in Scotland are probably closest to the Icelandic climate 

conditions compared with most of other European countries. As mentioned before, the 

geographical situation regarding soil and climate is an important factor for yield crop of 

the rapeseed plant. Other Scandinavian countries might also be very similar regarding 

weather and climate conditions, but the use of biodiesel within the UK, and therefore 

Scotland, is much more than in Scandinavian countries as can be seen in figure 19 in 

chapter 6.4.2. Table 26 contains the cost and revenues assumptions in Icelandic 

biodiesel production, as mentioned before in chapter 6.5. Also included are changes in 

assumptions for Scotland’s economic environment, which is change in feedstock cost, 

and in all three revenue factors that is price of biodiesel, meal and glycerol. The figures 

for cost and revenue factors are both illustrated in ISK and USD according to before 

mentioned assumption regarding exchange rate. Table 26 shows these changes in 

numbers and percentages and each factor will be illustrated as follows, according to 

each factors number as shown on the left in table 26. 
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Table 26 - Change in revenue- and cost factors from Icelandic assumption in chapter 6.5 for NPV and IRR 

analysis in Scotland. 

 

Source: Adapted by author. 

1. No change in investment cost. 

2. No change in working capital. 

3. No change in total financing. 

4. According to table 12 in subchapter 6.2.2, the variable cost of producing RSO is 

91 ISK/liter (0,79 USD/liter) in Scotland with a 390 thousand liter capacity per 

year. Estimated government support is about 7.300 ISK/hectare or about 45 

Euros/hectare as mentioned in chapter 4.2. With an estimated 6 tons of biomass 

from one hectare, the government support is about 1 ISK/liter (0,01 USD/liter) 

for RSO. Therefore the cost of RSO is about 90 ISK/liter (0,73 USD/liter). In 

addition to that costs are other costs such as electricity etc. In total, the operation 

cost of producing RSO is about 93 ISK/liter (0,76 USD/liter).  

5. The cost of biodiesel production (cost due to oil extraction is excluded) is 

divided between methanol, catalyst and other costs. In total that is 7 ISK/liter 

(0,06 USD/liter). See appendix 14 for further illustration. The total operation 

Number Cost and revenue factors Change %

Cost: USD 000 ISK 000 USD 000 ISK 000

1 Investment 324 39.528 324 39.528 0%

2 Working capital 270 33.210 270 33.210 0%

3 Total financing 594 72.468 594 72.468 0%

Operation cost (cost/liter): USD/ltr ISK/ltr USD/ltr ISK/ltr

Feedstock 0,55 67 0,73 90 34%

Other 0,03 3 0,03 3 0%

4 Total oil extraction 0,58 71 0,76 93 32%

Methanol 0,03 4 0,03 4 0%

Catalyst (NaOCH) 0,02 2 0,02 2 0%

Other 0,007 1 0,007 1 0%

5 Total biodiesel 0,06 7 0,06 7 0%

Fixed and labor cost: USD 000 ISK 000 USD 000 ISK 000

6 Fixed cost 56 6.888 56 6.888 0%

Labour cost (first 5 years) 122 15.006 122 15.006 0%

7 Total (first 5 years) 178 21.894 178 21.894 0%

Labour cost (last 5 years) 153 18.819 153 18.819 0%

8 Total (last 5 years) 209 25.707 209 25.707 0%

Revenues: USD/ltr ISK/ltr USD/ltr ISK/ltr

9 Biodiesel (price/liter) 0,95 117 1,39 170 45%

10 Meal (price/kg) 0,48 60 0,35 43 -28%

11 Glycerol (price/liter) 0 0 0,12 15  -

Iceland Scotland
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cost for biodiesel production (from cultivation to transesterification) is about 

100 ISK/liter (about 0,83 USD/liter). 

6. No change in fixed costs. 

7. No change in total fixed and labor costs (first 5 years). 

8. No change in total fixed and labor costs (last 5 years). 

9. According to table 18, subchapter 6.4.2.2, the average estimated market price in 

August 2012 was about 121 ISK/liter (0,74 USD/liter). In the assumption for the 

biodiesel price, the average market price is an indicator of purchase cost for a 

common oil company in the UK. In addition, according to table 4 in chapter 4.6, 

the tax exemption on biodiesel use in transportation is 25,12 Euros/hectoliter 

(hectoliter = 100 liters). According to the before mentioned exchange rate, 0,25 

Euros is equal to 41 ISK/liter as table 27 shows. For the biodiesel price 

assumption for Scotland, this 

tax concession will be divided 

between the producer and the 

buyer. Therefore, about 20 

ISK/liter will be added to 

average market price of 121 

ISK/liter, for a of total 141 

ISK/liter. Finally, VAT is 

added to the price. In the UK, VAT is 20% and is about 29 ISK/liter in this case. 

The estimated biodiesel price is as follows: 121 ISK/liter + 20 ISK/liter + 29 

ISK/liter = 170 ISK/liter (1,38 USD/liter). 

10. The price of meal is according to table 17 in subchapter 6.4.2.1 which shows 

price of meal 43 ISK/kg (0,35 USK/kg) for 390 thousand year capacity of RSO 

production in Scotland. 

11. The price of glycerol is according to Demirbas (2009) study. 

6.8 Net Present Value (NPV) & Internal Rate of Return (IRR) - Scotland 

The results according to the given 

assumptions show (table 28) that the 

project delivers a NPV of minus 38 

thousand USD and minus 19 thousand 

USD of equity. The internal rate of return 

68,43 25,12 Euro/hltr (100 liters)

0,68 0,25 Euro/liter

0,91 0,34 USD/liter

112 41 ISK/liter

Excise tax on 

diesel

Exemption on 

biodiesel

Scotland Project Equity

NPV of Cash Flow -38 -19

Internal Rate of Return 13% 14%

Source: Adapted by author. 

Source: Adapted by author. 

Table 27 - Excise tax on diesel and exemption on biodiesel 

in UK in USD, Euro and ISK rates per liter. 

Table 28 - NPV and IRR results - Scotland. 
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(IRR) is 13% for project and 14% for equity as table 28 shows. Therefore, the 

production is not profitable to investors according to a 15% minimum attractive rate of 

return (MARR). The calculated IRR of the project and equity is lower than the MARR 

and the NPV of the project and equity is below zero. Other results will be illustrated in 

next subchapters and in appendix 15 there is a further illustration about investment, 

operation, cash flow, balance and profitability. 

6.8.1 Other Results 

Figure 23 shows the accumulated NPV of net cash flow and total cash flow for a ten 

year operation on x-axis. Due to increased investment in equipment, the total cash flow 

decreases to minus 393 thousand USD. On the other hand, the increased investment in 

2017 does not affect the NPV of net cash flow due to leverage, where loans are 70% 

against 30% for equity. Other results are also in appendix 16. 

 

Figure 23 - Accumulated NPV of total- and net cash flow - Scotland. Source: Adapted by author. 

6.8.2 Sensitivity Analysis and Discussions 

As in the results for domestic NPV and IRR calculations, a sensitivity analysis is used 

to give a better explanation on uncertainties in various assumptions with changes in 

revenue factors or in cost factors.  
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6.8.2.1 Scenario Analysis 

In a scenario analysis, three different scenarios are put forward which changes the 

financial results. These three scenarios are a pessimistic scenario, the most likely 

scenario and an optimistic scenario. Table 29 shows what happens if the price of 

biodiesel meal and glycerol decreases by 10% (pessimistic), stays unchanged (most 

likely) or increase by 10% (optimistic). In the optimistic scenario, the NPV of equity 

increases from minus 19 thousand USD (most likely) to 327 thousand USD and the IRR 

of equity increases from 14% to 34%. On the other hand, in a pessimistic scenario, the 

NPV of equity decreases down to minus 386 thousand USD and IRR of equity 

decreases to zero. 

Table 29 - The change in NPV and IRR of equity with a 10% (+/-) change of price in biodiesel, meal and 
glycerol - Scotland. 

 

Source: Adapted by author. 

In the same way, table 30 below illustrates different scenarios regarding operation costs 

(variable cost of oil extraction and biodiesel production) and fixed costs. With a 10% 

decrease in costs (optimistic), the NPV of equity increases to 90 thousand USD and the 

IRR increases as well from 14% to 21%. In a pessimistic scenario, the NPV of equity 

decreases from minus 19 thousand USD to minus 135 thousand USD and the IRR of 

equity decreases as well from 14% to 7%. 

 

Scenario Summary Current Values: Pessimistic Most likely Optimistic

Changing Cells:

Price biodiesel 100% 90% 100% 110%

Price rapemeal 100% 90% 100% 110%

Price glycerol 100% 90% 100% 110%

Result Cells:

NPV Equity (USD 000) -19 -386 -19 327

IRR Equity 14% 0% 14% 34%
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Table 30 - The change in NPV and IRR of equity with a 10% (+/-) change in operation cost and fixed cost - 
Scotland. 

 

Source: adapted by author. 

6.8.2.2 Impact Analysis 

The revenue factors for the Scotland results represents price of meal (P/meal), price of 

biodiesel (P/bio), quantity of biodiesel (Q/bio) and price of glycerol (P/glyc) as table 31 

shows. The price of biodiesel is the most single sensitive factor among revenues factors. 

With a 20% increase in price of biodiesel, the IRR of equity increases from 14% to 

42%. The cost factors are loan interest, USD exchange rate, equipment cost, variable 

cost of biodiesel production (variable cost bio), variable cost of making RSO (variable 

cost oil) and fixed costs.  Among cost factors, the variable cost of making RSO is the 

most crucial factor among cost factors. With a 10% decrease in variable cost of making 

RSO, the IRR of equity increases to 27%. 

Table 31 - Impact analysis of IRR of equity with changes in revenue- and cost factors by (+/-) 10% - Scotland. 

 

Source: Adapted by author. 

In Figure 24, the most sensitive factors among revenue and costs are shown in a visual 

way. The left axis (y-axis) show a different IRR (of equity) percentage according to 

changes in costs or in revenue on the x-axis. The cost and revenues factors are shown on 

Scenario Summary Current Values: Pessimistic Most likely Optimistic

Changing Cells:

Operation cost 100% 110% 100% 90%

Fixed cost 100% 110% 100% 90%

Result Cells:

NPV equity (USD 000) -19 -135 -19 90

IRR equity 14% 7% 14% 21%

-50% 0% 0% 0% 13% 14% 18% 20% 17% 83% 54%

-40% 0% 0% 0% 13% 14% 17% 19% 16% 68% 45%

-30% 0% 0% 0% 13% 14% 16% 18% 16% 54% 36%

-20% 1% 0% 0% 14% 14% 16% 16% 15% 40% 28%

-10% 8% 0% 0% 14% 14% 15% 15% 14% 27% 21%

0% 14% 14% 14% 14% 14% 14% 14% 14% 14% 14%

10% 20% 28% 28% 14% 14% 13% 13% 13% 0% 7%

20% 26% 42% 41% 14% 14% 12% 12% 13% 0% 2%

30% 31% 57% 55% 14% 14% 11% 11% 12% 0% 0%

40% 37% 72% 69% 14% 14% 11% 9% 11% 0% 0%

50% 43% 88% 85% 14% 14% 10% 9% 11% 0% 0%

fixed 

cost

Cost factors

variable 

cost bioUSD

equipment 

cost

loan 

interest

variable 

cost oil

Revenue factors

P/glycP/bioP/meal Q/bio 
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the right side in the figure. The revenue factors are price of biodiesel (P/bio) and price 

of meal (P/meal), while the cost factors are variable cost of making RSO (variable cost 

oil), fixed cost and variable cost of biodiesel (variable cost bio). The most significant 

factor is the price of biodiesel as well as the variable cost of making RSO, the position 

of the line is closest to be vertical and therefore the IRR of equity is most sensitive to a 

change in the variable cost of making RSO and price of biodiesel. 

 

Figure 24 - Impact analysis on IRR of equity (y-axis) with changes in revenue- and cost factors by (+/-) 10% in 
the range of -50% to 50% on x-axis - Scotland. Source: Adapted by author. 

 

6.8.3 Summary & Comparison 

The main NPV and IRR results, for both Iceland and Scotland are in table 32. The NPV 

for project and equity is above zero in Iceland while it is negative in Scotland. Also, the 

IRR for project and equity is above the given MARR (15%) in Iceland while it is below 

15% in Scotland.  

Table 32 – NPV and IRR results for Iceland and Scotland. 

 

Source: Adapted by author. 

Project Equity Project Equity

NPV of cash flow (000 USD) 99 118 -38 -19

NPV of cash flow (000 ISK) 12.078 14.396 -4.636 -2.318

(IRR) Internal rate of return 19% 22% 13% 14%

Iceland Scotland
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Regarding sensitivity analysis, figure 25 shows in a visual way the change in revenue 

and cost factors both for Scotland and Iceland. The blue lines represent the Icelandic 

situation while the black colored lines represent the Scotland situation. The result in the 

IRR of equity is more dependent on the price for biodiesel in Scotland (P/bio SC) than it 

is in Iceland (P/bio IS). In the same way, the variable cost for RSO in Scotland (variable 

cost oil SC) effects the IRR of equity results more than variable cost of RSO in Iceland 

(variable cost oil IS).  

 

 

Figure 25 - Summary and comparison between Iceland (blue line) and Scotland (black line) regarding 

sensitivity analysis in IRR of equity. Source: Adapted by author. 
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7 Analyses & Discussions 

Through the years, biodiesel has been used as a blend in fossil diesel for transportation, 

both in the USA and in Europe. It has been done through tightening legislation and 

standards for fuel ingredients. Unlike fossil fuel, biodiesel is sourced from different 

feedstocks while fossil fuel is basically pumped up from the earth. This variation in 

feedstock for biodiesel production has, in the one way or another, an effect on other 

industries like the food industry. 

Oilseed cultivation requires land and is therefore in competition with other crops which 

in the end might affect the economic feasibility of cultivation. In the end, it is always 

the farmer/land owner who has to decide how he wants to utilize his land. Oilseed 

cultivation such as rapeseed is a new option for Icelandic farmers although it is well 

known in Europe. Ironically, thanks to climate change and rising temperatures, it has 

become feasible to cultivate oilseed like rapeseed in Iceland.  

 

In Iceland, the highest price obtained for RSO as feedstock is obtained by selling it as 

high quality cooking vegetable oil in the domestic market in Iceland. The farmer 

receives about 2 thousand ISK/liter (about 16,2 USD/liter). That is about thirty times 

higher than the cost of producing RSO. With an estimated 1,2 tons of oil from each 

hectare and a price of 2 thousand ISK per ton, the revenue is almost 2,4 million ISK/ha 

(19,5 thousand USD/ha). For the meal, the farmer can sell it at 60 ISK/kg with about 2,4 

tons of meal from each hectare. In total that is about 144 thousand ISK/ha (1,2 thousand 

USD/ha).  

As an example and for comparison, a typical Icelandic rutabaga farmer can receive 

about 25 ton/ha for the rutabaga crop. The price is about 150 ISK/kg (1,2 USD/kg) that 

farmer receives for his crop. The total revenue for the rutabaga farmer is therefore 

estimated 3,8 million ISK/ha (31 thousand USD/ha). Other interesting utilizations of 

RSO are to use it on tractors on farms or on heavy machinery in road construction for 

instance. 

Nevertheless, in the real world, the choice for the most suitable utilization of land is not 

that simple. In the end, individuals seek to maximize their rate of return for their 

available resources. In that way, the resources can be divided between internal resources 

and external resources. The internal resources can be the knowledge, background and 

education of the farmer/owner. The external resources can be the land and other 
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material objects such as equipment and tools. For feasible rapeseed cultivation for 

biodiesel production, these are the resources that stakeholders take into account for 

feasible assessment.  

 

According to the results in NPV calculations, biodiesel production is more 

economically feasible in Iceland than in Scotland. One of the main assumptions is cost 

of cultivation and therefore cost of RSO as feedstock. The only Icelandic assumptions 

available are from “Environmentally Friendly Energy” (EFE) project managed by the 

Icelandic Maritime Administration (IMA).  

According to these assumptions, the cost of RSO feedstock is about 60% of the total 

operation cost while it is about 70% in the Scotland assumptions. Argument have been 

put forward by specialist that due to long summer days in Iceland, the plant can absorb 

more sunlight when the most crucial period of growth is taking place which leads to 

increased field crop.  

Still, Icelandic biodiesel production from domestic rapeseed cultivation is not the best 

choice of rate of return for the farmer/owner as before mentioned. RSO as feedstock can 

be used in producing massage oil, in soap production, and in the fishing industry were 

the price range is from about 500 ISK/liter (4,1 USD/liter) up to 2.000 ISK/liter (16,2 

USD/liter) for healthy cooking oil.  

 

As mentioned in this thesis, the estimated fuel discount for a typical fishing company in 

Iceland is about 25%. Also, some of the biggest fishing companies in Iceland are also 

one of biggest shareholders in domestic oil companies that import liquid fuel.  

In the fishing industry, like in all other industries, the owners/managers seek to 

maximize the rate of return, like the farmer from his land. Due to this fact, the stimulus 

for use of biodiesel or other renewable energizer is low in the Icelandic fishing industry. 

Today, the Icelandic fishing industry is facing lower prices for their product in 

European market due to economic crisis. Therefore, all costs are reduced as much as 

possible which leads to reduced cost in R&D (innovation) cost within the Icelandic 

fishing companies.  

Nevertheless, biodiesel production from rapeseed in the future might be more feasible 

when the food market for domestically made cooking oil has reached certain 

equilibrium.  
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8 Conclusions 

The objective of this thesis has been to compare biodiesel production in Iceland, made 

from Icelandic feedstock, with other European countries with a special emphasis on 

Scotland. The main tools for the final conclusion are Net Present Value (NPV) and 

Internal Rate of Return (IRR) methods, where different numerical assumptions are 

made according to legal, technical and economic environments in Iceland and Scotland.  

The basic assumptions about plant capacity, production method, loan rates, fixed costs, 

and years of operation  ere taken from Birgisson’s (2011) feasibility study of 

converting rapeseed to biodiesel for use on a fishing fleet. With a change in Icelandic 

assumption for subsidy amounts, investment-, feedstock-, methanol- and catalyst costs. 

Also, with a change in price of biodiesel and glycerol, a profitability assessment gives a 

14,4 million ISK (118 thousand USD) in NPV of equity with estimated 15% minimum 

attractive rate of return (MARR), also IRR of equity is 22%. 

In comparison, Scotland´s profitability assessment gives a minus 2,3 million ISK 

(minus 19 thousand USD) in NPV of equity and a with the same assumption of 15% 

MARR as for Iceland, but IRR of equity is 14%. The same cost assumptions apply for 

Scotland as for Iceland regarding total financing-, fixed-, labor-, and other operation 

cost regarding biodiesel production. The cost of feedstock changes as well price of 

biodiesel, meal and glycerol.  

According to given assumptions, producing biodiesel from domestic feedstock, such as 

rapeseed, is more feasible in Iceland than in Scotland. Sensitivity analyses for biodiesel 

production in Scotland are as follows: 

 10% increase in biodiesel price => 14% to 28% IRR of equity. 

 10% decrease in variable cost for rapeseed oil (RSO) production => 14% 

to 27% IRR of equity. 

 10% increase in price of biodiesel, meal and glycerol => 40 million ISK 

in NPV of equity (327 thousand USD) and 34% IRR of equity. 

 10% decrease in variable cost for RSO production, variable cost for 

biodiesel production and fixed cost => 11 million ISK in NPV of equity 

(90 thousand USD) and 21% IRR of equity. 

In the same way, the most sensitive factors according to the sensitivity analysis for 

biodiesel production in Iceland are as follows: 
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 10% increase in biodiesel price => 22% to 32% IRR of equity. 

 10% decrease in variable cost for RSO production => 22% to 32% IRR 

of equity. 

 10% increase in price of biodiesel and meal => 52 million ISK in NPV of 

equity (424 thousand USD) and 40% IRR of equity. 

 10% decrease in variable cost for RSO production, variable cost for 

biodiesel production and fixed cost => 28 million ISK in NPV of equity 

(226 thousand USD) and 29% IRR of equity. 

The cost of feedstock is a dominating factor regarding the economic feasibility of 

biodiesel production. As mentioned in Fore et al. (2011) study, the cost of canola as a 

feedstock represents 70 – 80% of the total production cost and in Demirbas’ (2009) 

study the proportion was 75 – 80% for palm oil as feedstock. With a change in 

assumptions regarding the cost of feedstock, the economic feasibility changes a lot.  

To compare the Icelandic situation and the Scotland situation, the cost of feedstock is 

dependent upon local factors such as soil and climate as well as other environmental 

and technical factors.  

With upgraded assumptions for feedstock cost from Birgisson’s (2011) study, the cost 

of RSO as feedstock for biodiesel production becomes 71 ISK/liter (0,58 USD/liter) 

instead of 52 ISK/liter (0,43 USD/liter). The main reason for this increased cost of 

feedstock is a higher cost of cultivation. In Birgisson’s (2011) study, a value  as 

estimated in straw because of an isolated situation which then decreased the cost of 

cultivation. 

  

EU member countries support energy crop cultivation by 45 Euros/hectare (Euro/ha) 

(about 7.300 ISK/ha) at minimum and EU member countries have flexibility in 

introducing their cultivation support under the Single Farm Payment (SFP).  

In Iceland, a grain farmer can receive 15 thousand ISK/ha for rapeseed cultivation. On 

the consumption side, subsidies are implemented through mandates such as tax 

exemptions and fuel blend requirements.  

Through EEA agreement, Iceland is obligated to implement a biofuel target of 10% of 

total liquid fuel coming from renewable energy sources in 2020. Today, Iceland is well 

below 1% while the EU-27 member states are about 4,7% on average and the biodiesel 

blend is about 3,5% of fuel liquid.  
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The tax exemption system for biodiesel blend in liquid fuel varies between countries. 

Some EU countries have full tax exemption, while other have no exemption or in 

proportion as in the United Kingdom (UK). In the UK, the excise tax on diesel is 68,06  

Euro/hectoliter (hectoliter is 100 liters), about 111 ISK/liter but the exemption on 

biodiesel is 28,9 Euro/hectoliter, about 47 ISK/liter. There is full tax exemption on 

biodiesel in Iceland, where the excise tax on diesel is 45 ISK/liter plus a carbon tax of 

5,75 ISK/liter.  

 

Land availability for rapeseed cultivation is not an issue in Iceland like it is in most 

other European countries. Today is possible to utilize 600-615 thousand hectares in 

Iceland instead of 120 - 128 thousand hectares as is the case today. Up to 7 thousand 

hectares for oil crop cultivation can be easily added to the total cultivated area today. 

The European historical background of rapeseed cultivation is long compared to Iceland 

and other diversified oil crops species are used. Due to diverse utilization of RSO, the 

value of the product increases which leads to the use of other less costly feedstocks such 

as animal fat and restaurant waste oil for biodiesel production.  

In Iceland, there is one producer of RSO located in Þorvaldseyri in the south of Iceland. 

Most of the product is sold as cooking oil in health food stores in Reykjavik instead of 

as feedstock for biodiesel production. Three biodiesel facilities are in Iceland today, 

which all use animal fat or restaurant waste oil as feedstock.  

Also, an innovative company is located in Iceland called Carbon Recycling 

International (CRI), which produces renewable methanol (RM) which is used as a raw 

material in biodiesel production. Nevertheless, the main objective of CRI is to produce 

RM as blend for gasoline and hybrid vehicles both for domestic use and export. 

Regarding biodiesel production, from oil crop cultivation to the biodiesel process, most 

other European countries are well ahead in all stages of biodiesel production, especially 

France, Germany and Italy which are the leaders in biodiesel production in Europe and 

in the world. 

 

According to given assumptions, a small scale biodiesel production in Iceland is more 

feasible than in Scotland. Nevertheless, there are many variable factors that can change 

the final results dramatically. The cost of feedstock and price of biodiesel is a crucial 

factor regarding final economical results as stated in Marchetti et al. (2008) study. 

Finally, the market situation in Iceland indicates that use of domestically made RSO is 
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much more valuable as cooking oil than as feedstock for biodiesel production. The 

biggest rapeseed farmer in Iceland sells rapeseed cooking oil at 2 thousand ISK/liter 

(16,2 USD/liter) while cost of RSO is estimated 71 ISK/liter (0,58 USD/liter). Therefore 

a certain balance is needed in the Icelandic food market between supply and demand for 

RSO before it will be feasible for straight biodiesel production. Until then, a further 

R&D is required in the whole process from cultivation to biodiesel production, which is 

the route to accomplish a feasible industry in Iceland. In that way is perhaps most 

successful way to absorb knowledge from other European countries that have longer 

experience in biodiesel production than Iceland. Finally, it is important to focus as well 

on other factors which are beneficial for economy, such as energy security, reduced 

environmental impact, foreign exchange savings and socioeconomic issues. 

 

  



84 
 

9 Appendixes 

Appendix 1 

 

Umsókn um jarðræktarstyrk 

 

 

Umsóknarár: 2012 
 

 

*Ath að túnkort af ræktarlandinu þarf að vera til/aðgengilegt hjá viðkomandi ráðunautaþjónustu (t.d. í gegnum Jörð.is.) 

 

Óskað er eftir styrk vegna ræktunar á: 

*Taka skal fram um hvers konar ræktun er að ræða (gras, grænfóður, korn) og einnig tegund og yrki. Ein lína er ætluð fyrir hverja 

tegund/yrki. Fleiri en eitt túnnúmer geta þ.a.l. verið í hverri línu. Taka skal sérstaklega fram þegar skjólsáð er. 

Ræktun – Tegund - Yrki Túnnúmer ha 

Nafn  Kennitala  

Heimili  Póstnr  

Sveitarfélag  Sv.nr.  

Netfang  Sími  

Búsnúmer  VSK nr  Farsími  

Styrkur leggist inn á: Bnr.  Hb  R.nr  

Kennitala reikningseiganda (ef annar en umsækjandi)  

Jarðræktin er unnin á eftirfarandi jörð/jörðum (landnúmer): 
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Samantekt: 

 

 

 

ha 

Gras  

Grænfóður  

Korn  

Olíujurtir  

Alls  

  

ATH 
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Appendix 2 

 

 

 

 

 

 

Share of renewable energy in fuel consumption of transport

%

geo\time 2006 2007 2008 2009 2010

EU (27 countries) 1,9 2,7 3,5 4,2 4,7

Belgium 0,2 1,3 1,3 3,3 4,3

Bulgaria 0,6 0,4 0,5 0,6 1

Czech Republic 0,8 1 2,2 3,8 4,6

Denmark 0,2 0,2 0,2 0,2 0,3

Germany 5,5 6,6 6,1 5,3 5,7

Estonia 0,2 0,2 0,2 0,2 0,2

Ireland 0,1 0,5 1,3 1,9 2,4

Greece 0 1,3 1,1 1,1 1,9

Spain 0,7 1,2 1,9 3,5 4,7

France 2 3,6 5,6 6,1 6,1

Italy 0,9 0,9 2,4 3,8 4,8

Cyprus 0,1 0 1,9 2 2

Latvia 1,1 0,8 0,9 1,2 3,3

Lithuania 1,7 3,6 4,1 4,2 3,6

Luxembourg 0,1 2,1 2,1 2,2 2

Hungary 0,4 1 4,1 4,2 4,7

Malta 0 0 0 0 0,3

Netherlands 0,5 2,9 2,6 4,2 3

Austria 4 4,8 6,4 6,5 5,4

Poland 0,9 0,9 3,4 4,8 5,9

Portugal 1,3 2,4 2,4 3,9 5,6

Romania 0,8 1,7 1,7 1,6 3,2

Slovenia 0,4 1,1 1,5 2 2,9

Slovakia 3 5 6,4 9,2 7,8

Finland 0,4 0,4 2,4 4,1 3,9

Sweden 4,9 5,9 6,6 7,3 7,7

United Kingdom 0,5 0,9 2 2,6 3

Iceland : : : : :

Liechtenstein : : : : :

Norway 1,5 1,9 3,3 3,7 3,9

Switzerland : : : : :

Montenegro : : : : :

Croatia 0,4 0,4 0,4 0,4 0,4

Former Yugoslav Republic of Macedonia, the: : : : :

Turkey : : : : :

:=not available 

:

Source of Data:: Eurostat

Last update: 25.09.2012

Date of extraction: 10 Oct 2012 12:08:20 MEST

Hyperlink to the table:http://epp.eurostat.ec.europa.eu/tgm/table.do?tab=table&init=1&plugin=1&language=en&pcode=tsdcc340

General Disclaimer of the EC:http://europa.eu/geninfo/legal_notices_en.htm

Short Description: This indicator is calculated on the basis of energy statistics covered by the Energy Statistics Regulation and the methodology of the relevant indicator described in Directive 2009/28/EC. However, the contribution of all biofuels is included in this indicator and not only those satisfying the sustainability criteria. More information about the renewable energy shares calculation methodology and Eurostat's annual energy statistics can be found in the Renewable Energy Directive 2009/28/EC, the Energy Statistics Regulation 1099/2008 and in <a href=http://ec.europa.eu/energy/renewables/index_en.htm>DG ENERGY transparency platform</a>

Code: tsdcc340

http://epp.eurostat.ec.europa.eu/portal/page/portal/sdi/indicators/theme6
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Appendix 3 

 

 

Appendix 4 
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Appendix 5 

 

  



89 
 

Appendix 6 
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Appendix 7 
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Appendix 8 
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Appendix 9 

 

Oil Press 

The estimated cost of oil extraction equipment is based on equipment from China, as 

Table II shows. An electric heat roller roaster is an oilseed heating and drying process 

for oil press. The hot process 

capacity is 200 – 1000 

kg/hour. Table II illustrates 

the cost for the heat roller 

roaster. Although it is heated 

with electricity, it is possible 

to use hot water instead by 

easily converting to a special heating element (Guðbjartur Einarsson, personal 

interview, November 24, 2010). The double-screw oil press is suited to many kinds of 

oil crops, such as rapeseed. It has both cold press and hot press abilities, with a capacity 

of 500 – 550 kg/hour and 600 – 650 kg/hour for the hot press. One unit can produce up 

to 2 tons/day of vegetable oil. This means about 480 tons/year of produced biodiesel 

with a 5-day operation per week, 10 hours per day, according to a 500 kg/hour capacity. 

Therefore, 2 units are needed, with a total cost of 11,300 USD for the oil press. The 

transportation cost is 2,400 thousand USD and the installation cost is 8,100 USD 

(Guðbjartur Einarsson, personal interview December 2, 2010). The total cost for oil 

extraction equipment, transportation and installation is 26,000 USD, as Table II shows. 

 

 

 

 

 

 

 

 

Table  II – Cost of oil extraction equipment 
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Appendix 10 

 

 

Appendix 11 

 

 

 

 

 

 

 

 

 2012 2013 2014 2015 2016 2017 2018 T ota l

     Investment: KUSD

  Buildings 0 0 0 0 0 0 0 0

  Equipment 184 0 0 0 0 140 0 324

  Other 0 0 0 0 0 0 0 0

T ota l 184 0 0 0 0 140 0 324

     Financing:

Working Capita l 90 90 80 0 0 10 0 270

T ota l Financing 274 90 80 0 0 150 0 594

Equity 30%

Loan Repayments 10 years

Loan Inte rest 9,0%
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Appendix 12 

Iceland: 

 

Assumptions and Results

 2012 2013 2014 2016 2017 2018 T ota l MARR 15%

     Investment: KUSD Planning Horizon  years

  Buildings  0 0 0 0 0 0 0

  Equipment 100% 184 0 0 0 140 0 324 Iceland Project Equity

  Other  0 0 0 0 0 0 0 NPV of Cash Flow 99 118

T ota l  184 0 0 0 140 0 324 Internal Rate of Return 19% 22%
     Financing:

Working Capita l 90 90 80 0 10 0 270 Capita l/Equity  

T ota l Financing 274 90 80 0 150 0 594 a fte r 10 years

Equity 100% 30%

Loan Repayments 100% 10 years Min Cash Account 75

Loan Inte rest 100% 9,0%

      Opera tions: 2013 2014 2016 2017 2018 2019 2020 2021 2022

Sa les Quantity biodiese l 100% 0,2 0,2 0,4 0,4 0,5 0,6 0,7 0,8 0,9 Kton/year

Sa les Quantity rapemea l 100% 0,3 0,4 0,6 0,7 0,9 1,0 1,2 1,3 1,5 Kton/year

Sa les Quantity glycerin 100% 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 Kton/year

T ota l Quantity sa les 0,6 0,7 1,0 1,2 1,4 1,7 1,9 2,2 2,6 Kton/year

Sa les Price  biodiese l 100% 951 951 951 951 951 951 951 951 951 USD/ton

Sa les Price  rapemea l 100% 488 488 488 488 488 488 488 488 488 USD/ton

Sa les Price  glycerin 100% 0 0 0 0 0 0 0 0 0 USD/ton

Revenues biodiese l 205 235 333 417 500 590 679 780 898 USD/ton

Revenues rapemea l 171 196 278 347 417 492 565 650 748 USD/ton

Revenues straw/stocks 0 0 0 0 0 0 0 0 0 USD/ton

Revenues glycerin 0 0 0 0 0 0 0 0 0 USD/ton

T ota l revenues 375 432 611 764 917 1082 1244 1431 1645 USD/ton

Variable  Cost RSO 100% 575 USD/ton

Variable  Cost ca ta lyst+other 100% 58 USD/ton

T ota l va riable  Cost 100% 633 USD/ton

Fixed Cost 100% 57 179 179 179 210 210 210 210 210 210 KUSD/year
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2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Investment and Financing 1 2 3 4 5 6 7 8 9 10 11

Investment:  

  Buildings  0 0 0 0 0 0 0 0 0 0 0 0

  Equipment 2012  184 157 129 101 74 46 18 18 18 18 18 18

  Equipment 2017 0 0 0 0 0 140 119 98 77 56 35 14

  Other  0 0 0 0 0 0 0 0 0 0 0 0

  Booked Va lue  184 157 129 101 74 186 137 116 95 74 53 32

Deprecia tion:

  Depreciation Buildings 4% 0 0 0 0 0 0 0 0 0 0 0

  Depreciation Equip 12 15% 28 28 28 28 28 28 0 0 0 0 0

  Depreciation Equip 17 15% 0 0 0 0 0 21 21 21 21 21 21

  Depreciation Other 20% 0 0 0 0 0 0 0 0 0 0 0

T ota l Deprecia tion 28 28 28 28 28 49 21 21 21 21 21

Financing: 274 90 80 0 0 150

  Equity 30% 82 27 24 0 45

  Loans 70% 192 63 56 0 105

 

  Repayment 2012 10 0 19 19 19 19 19 19 19 19 19 19

  Principal 192 192 173 154 134 115 96 77 58 38 19 0

  Interest 9% 17 17 16 14 12 10 9 7 5 3 2

  Loan Managem. Fees 2% 4

  Repayment 2013 10 0 6 6 6 6 6 6 6 6 6

  Principal 63 63 57 50 44 38 32 25 19 13 6

  Interest 9% 6 6 5 5 4 3 3 2 2 1

  Loan Managem. Fees 2% 1

  Repayment 2014 10 0 6 6 6 6 6 6 6 6

  Principal 56 56 50 45 39 34 28 22 17 11

  Interest 9% 5 5 5 4 4 3 3 2 2

  Loan Managem. Fees 2% 1

  Repayment 2015 10 0 0 0 0 0 0 0 0

  Principal 0 0 0 0 0 0 0 0 0

  Interest 9% 0 0 0 0 0,0 0,0 0,0 0,0

  Loan Managem. Fees 2% 0,0

  Repayment 2017 10 0 0 0 0 0 0 10 10 10 10 10

  Principal 0 0 0 0 0 105 105 94 84 73 63 52

  Interest 9% 0 0 0 0 0 9 9 8 8 7 6

  Loan Managem. Fees 2% 2,1
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Operations

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Operations Statement
Sa les Quantity biodiese l  0,22 0,25 0,29 0,35 0,44 0,53 0,62 0,71 0,82 0,94

Sa les Quantity rapemea l 0,35 0,40 0,47 0,57 0,71 0,85 1,01 1,16 1,33 1,53

Sa les Quantity straw/stocks 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Sa les Quantity glycerin 0,02 0,02 0,03 0,03 0,04 0,05 0,06 0,07 0,08 0,09

Sa les Price  biodiese l  951 951 951 951 951 951 951 951 951 951

Sa les Price  rapemea l 488 488 488 488 488 488 488 488 488 488

Sa les Price  straw/stocks 0 0 0 0 0 0 0 0 0 0

Sa les Price  glycerin 0 0 0 0 0 0 0 0 0 0

Revenues biodiese l 205 235 278 333 417 500 590 679 780 898

Revenues rapemea l 171 196 231 278 347 417 492 565 650 748

Revenues straw/stocks 0 0 0 0 0 0 0 0 0 0

Revenues glycerin 0 0 0 0 0 0 0 0 0 0

T ota l revenues 375 432 509 611 764 917 1082 1244 1431 1645

Variable Cost RSO #REF! 201 231 273 328 409 491 580 667 767 882

Variable Cost catalyst+other #REF! 14 16 18 22 28 33 39 45 52 60

 Total variable Cost #REF! 215 247 291 350 437 525 619 712 819 941

Net Profit Contribution 161 184,6 217,9 261,5 326,8 392,2 462,8 532,2 612 703,84

  Fixed Cost 179 179 179 179 210 210 210 210 210 210

  Diverse Taxes  

Opera ting Surplus (EBIT DA) -18 5,606 38,84 82,42 116,6 181,9 252,5 321,9 401,8 493,58

  Inventory Movement 0

  Depreciation 28 28 28 28 28 49 21 21 21 21

Opera ting Ga in/Loss -46 -22 11 55 89 133 232 301 381 473

 Financial Costs (Interest & LMF) 5,9 18,5 24,1 26,3 24,0 21,2 27,8 25,0 21,3 17,5 13,8

Profit be fore  T ax -5,9 -64,6 -46,1 -15,0 30,8 67,8 105,5 206,5 279,7 363,3 458,8

  Loss Transfer 0 -6 -71 -117 -132 -101 -33 0 0 0 0 0

  Taxable Profit 0 0 0 0 0 0 72 207 280 363 459

  Income Tax 18% 0 0 0 0 0 0 13 37 50 65 83

Profit a fte r T ax -6 -65 -46 -15 31 68 92 169 229 298 376

  Dividend 30% 0,0 0,0 0,0 0,0 9,2 20,3 27,7 50,8 68,8 89,4 112,9

Net Profit/Loss -6 -65 -46 -15 22 47 65 119 161 209 263
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Cash Flow

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cash Flow

  Opera ting Surplus (EBIT DA) 0 -18,5 5,61 38,8 82,4 117 182 253 322 402 494

  Debtor Changes  94 14 19 25 38 38 41 41 47 54

  Creditor Changes  32 5 7 9 13 13 14 14 16 18

Cash Flow be fore  T ax 0 -80 -4 26,1 66 91 157 225 295 371 458

  Paid Taxes 0 0 0 0 0 0 13 37 50 65

Cash Flow a fte r T ax 0 -80 -4 26 66 91 157 212 258 321 393

 Financial Costs ( Interest+LMF) 6 19 24 26 24 21 28 25 21 18 14

  Repayment 0 0 19 25 31 31 31 42 42 42 42

Free  Cash Flow -6 -99 -47 -26 11 39 98 146 195 262 338

  Paid Dividend 0 0 0 0 9 20 28 51 69 89

  Financing - Expenditure (Wcap) 90 90 80 0 0 10 0

Cash Movement 84 -9 33 -26 11 40 78 118 144 193 248

Source and Allocation of Funds

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source  of Funds

Profit before Tax -6 -65 -46 -15 31 68 106 207 280 363 459

Depreciation 0 28 28 28 28 28 49 21 21 21 21

Funds from Opera tions -6 -37 -18 13 58 95 154 228 301 384 480

Loan Drawdown 192 63 56 0 0 105

Equity Drawdown 82 27 24 0 0 45

Funds for a lloca tion 268 53 62 13 58 245 154 228 301 384 480

Alloction of Funds

Investment 184 140

Repayment 0 0 19 25 31 31 31 42 42 42 42

Paid Taxes 0 0 0 0 0 0 0 13 37 50 65

Paid Dividend 0 0 0 0 0 9 20 28 51 69 89

T ota l a lloca tion 184 0 19 25 31 180 51 82 130 161 196

Changes Ne t Curr. Asse ts 84 53 42 -13 27 65 103 145 171 224 283

Ana lysis of Changes

Current Asse ts

Cash at start of year 0 84 75 109 83 94 134 211 329 474 667

Cash at end of year 84 75 109 83 94 134 211 329 474 667 915

Changes in Cash 84 -9 33 -26 11 40 78 118 144 193 248

Debtor changes 0 94 14 19 25 38 38 41 41 47 54

Stock Movements 0 0 0 0 0 0 0 0 0 0 0

Changes in Current Asse ts 84 85 47 -6 36 78 116 159 185 240 302

Liabilities

Creditor changes 0 32 5 7 9 13 13 14 14 16 18

Changes Ne t Curr. Asse ts 84 53 42 -13 27 65 103 145 171 224 283

  

                               Check line 0 0 0 0 0 0 0 0 0 0 0
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Balance

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Balance Sheet

Assets

  Cash Account 0 84 75 109 83 94 134 211 329 474 667 915

  Debtors (Acc Rec) 25% 0 94 108 127 153 191 229 270 311 358 411

  Inventory 0 0 0 0 0 0 0 0 0 0 0 0

Current Asse ts 84 169 216 210 246 324 440 600 785 1024 1326

  Fixed Assets 184 157 129 101 74 186 137 116 95 74 53

T ota l Asse ts 268 326 345 312 320 510 578 716 880 1099 1379

Debts

  Dividend Payable 0 0 0 0 9 20 28 51 69 89 113

  Taxes Payable 0 0 0 0 0 0 13 37 50 65 83

  Creditors (Acc Pay) 15% 0 32 37 44 52 66 79 93 107 123 141

  Next Year Repayment 0 19 25 31 31 31 42 42 42 42 42

Current Liabilities 0 51 63 75 93 117 161 222 268 319 378

  Long Term Loans 192 236 266 235 204 278 236 195 153 112 70

T ota l Debt 192 287 329 310 297 395 397 417 421 431 448

  Equity 0 82 109 133 133 133 178 178 178 178 178 178

  Profit & Loss Balance 0 -6 -71 -117 -132 -110 -63 2 121 281 490 753

T ota l Capita l 76 39 17 2 23 116 180 299 459 668 931

Debts and Capita l 268 326 345 312 320 510 578 716 880 1099 1379

Check Line 0 0 0 0 0 0 0 0 0 0 0

Profitability

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Profitability Measurements
NPV and IRR of T ota l Cash Flow

  Cash Flow after Taxes 0 -80 -4 26 66 91 157 212 258 321 393

  Loans Drawdown -192 -105

  Equity Drawdown -82 -45

T ota l Cash Flow & Capita l -274 -80 -4 26 66 -58 157 212 258 321 393

NPV Total Cash Flow 15% -274 -344 -347 -329 -292 -321 -253 -173 -89 2 99

IRR Total Cash Flow 0% 0% 0% 0% 0% 0% 0% 2% 10% 15% 19%

NPV and IRR of Ne t Cash Flow

  Free Cash Flow -6 -99 -47 -26 11 39 98 146 195 262 338

  Equity -82

Net Cash Flow & Equity -88 -99 -47 -26 11 39 98 146 195 262 338

NPV Net Cash Flow 15% -88 -174 -209 -226 -220 -201 -158 -104 -40 35 118

IRR Net Cash Flow 0% 0% 0% 0% 0% 0% 0% 2% 11% 18% 22%

Financia l Ra tios

ROI (Profit+Interest/Debt+Capital) -17% -7% 3% 18% 28% 26% 40% 42% 43% 43%

ROE (Profit/Shareh. Capital) -85% -119% -91% 1985% 293% 80% 94% 77% 65% 56%

TR (Revenue/Debt+Capital) 140% 132% 147% 196% 239% 180% 187% 174% 163% 150%

Capital/Debt+Capital  12% 5% 0% 7% 23% 31% 42% 52% 61% 68%

Net Current Ratio 3,3 3,5 2,8 2,7 2,8 2,7 2,7 2,9 3,2 3,5

Liquid Current Ratio 3,3 3,5 2,8 2,7 2,8 2,7 2,7 2,9 3,2 3,5

Market Value (Total Capital/Equity) 0,4 0,1 0,0 0,2 0,6 1,0 1,7 2,6 3,7 5,2

Debt Service Coverage -4,3 -0,1 0,5 1,2 1,8 2,7 3,2 4,1 2,7 7,1

Acceptable minimum 1,5 1,5 1,5 1,5 1,5 1,5 2,5 3,5 4,5 5,5

Loan Life  Cover Ra tio:

Future Cash Flow 299 436 505 551 558 537 437 258 537 834

Principal of Loans 192 173 154 134 115 96 77 58 38 19

LLCR 1,6 2,5 3,3 4,1 4,8 5,6 5,7 4,5 14,0 43,5
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Appendix 13 

Other results (Iceland) 
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Appendix 15 

Scotland: 

 

 

Assumptions and Results

 2012 2013 2014 2015 2016 2017 2018 T ota l MARR 15%

     Investment: KUSD Planning Horizon  years

  Buildings  0 0 0 0 0 0 0 0

  Equipment 100% 184 0 0 0 0 140 0 324 Scotland Project Equity

  Other  0 0 0 0 0 0 0 0 NPV of Cash Flow -38 -19

T ota l  184 0 0 0 0 140 0 324 Internal Rate of Return13% 14%
     Financing:

Working Capita l 90 90 80 0 0 10 0 270 Capita l/Equity  

T ota l Financing 274 90 80 0 0 150 0 594 a fte r 10 years

Equity 100% 30%

Loan Repayments 100% 10 years Min Cash Account 13

Loan Inte rest 100% 9,0%

      Opera tions: 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Sa les Quantity biodiese l100% 0,2 0,2 0,3 0,4 0,4 0,5 0,6 0,7 0,8 0,9 Kton/year

Sa les Quantity rapemea l100% 0,3 0,4 0,5 0,6 0,7 0,9 1,0 1,2 1,3 1,5 Kton/year

Sa les Quantity glycerin100% 0,0 0,0 0,0 0,0 0,0 0,1 0,1 0,1 0,1 0,1 Kton/year

T ota l Quantity sa les 0,6 0,7 0,8 1,0 1,2 1,4 1,7 1,9 2,2 2,6 Kton/year

Sa les Price  biodiese l100% 1382 1382 1382 1382 1382 1382 1382 1382 1382 1382 USD/ton

Sa les Price  rapemea l100% 350 350 350 350 350 350 350 350 350 350 USD/ton

Sa les Price  glycerin100% 120 120 120 120 120 120 120 120 120 120 USD/ton

Revenues biodiese l 298 342 404 484 606 727 857 986 1134 1304 USD/ton

Revenues rapemea l 122 141 166 199 249 299 352 405 466 536 USD/ton

Revenues straw/stocks 0 0 0 0 0 0 0 0 0 0 USD/ton

Revenues glycerin 3 3 3 4 5 6 7 8 10 11 USD/ton

T ota l revenues 422 486 573 688 860 1031 1217 1400 1610 1851 USD/ton

Variable  Cost RSO100% 755 USD/ton

Variable  Cost ca ta lyst+other100% 53 USD/ton

T ota l va riable  Cost100% 808 USD/ton

Fixed Cost 100% 57 179 179 179 179 210 210 210 210 210 210 KUSD/year
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Investment

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Investment and Financing 1 2 3 4 5 6 7 8 9 10 11

Investment:  

  Buildings  0 0 0 0 0 0 0 0 0 0 0 0

  Equipment 2012  184 157 129 101 74 46 18 18 18 18 18 18

  Equipment 2017 0 0 0 0 0 140 119 98 77 56 35 14

  Other  0 0 0 0 0 0 0 0 0 0 0 0

  Booked Va lue  184 157 129 101 74 186 137 116 95 74 53 32

Deprecia tion:

  Depreciation Buildings 4% 0 0 0 0 0 0 0 0 0 0 0

  Depreciation Equip 12 15% 28 28 28 28 28 28 0 0 0 0 0

  Depreciation Equip 17 15% 0 0 0 0 0 21 21 21 21 21 21

  Depreciation Other 20% 0 0 0 0 0 0 0 0 0 0 0

T ota l Deprecia tion 28 28 28 28 28 49 21 21 21 21 21

Financing: 274 90 80 0 0 150

  Equity 30% 82 27 24 0 45

  Loans 70% 192 63 56 0 105

 

  Repayment 2012 10 0 19 19 19 19 19 19 19 19 19 19

  Principal 192 192 173 154 134 115 96 77 58 38 19 0

  Interest 9% 17 17 16 14 12 10 9 7 5 3 2

  Loan Managem. Fees 2% 4

  Repayment 2013 10 0 6 6 6 6 6 6 6 6 6

  Principal 63 63 57 50 44 38 32 25 19 13 6

  Interest 9% 6 6 5 5 4 3 3 2 2 1

  Loan Managem. Fees 2% 1

  Repayment 2014 10 0 6 6 6 6 6 6 6 6

  Principal 56 56 50 45 39 34 28 22 17 11

  Interest 9% 5 5 5 4 4 3 3 2 2

  Loan Managem. Fees 2% 1

  Repayment 2015 10 0 0 0 0 0 0 0 0

  Principal 0 0 0 0 0 0 0 0 0

  Interest 9% 0 0 0 0 0,0 0,0 0,0 0,0

  Loan Managem. Fees 2% 0,0

  Repayment 2017 10 0 0 0 0 0 0 10 10 10 10 10

  Principal 0 0 0 0 0 105 105 94 84 73 63 52

  Interest 9% 0 0 0 0 0 9 9 8 8 7 6

  Loan Managem. Fees 2% 2,1
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Operations

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Operations Statement
Sa les Quantity biodiese l  0,22 0,25 0,29 0,35 0,44 0,53 0,62 0,71 0,82 0,94

Sa les Quantity rapemea l 0,35 0,40 0,47 0,57 0,71 0,85 1,01 1,16 1,33 1,53

Sa les Quantity straw/stocks 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00

Sa les Quantity glycerin 0,02 0,02 0,03 0,03 0,04 0,05 0,06 0,07 0,08 0,09

Sa les Price  biodiese l  1382 1382 1382 1382 1382 1382 1382 1382 1382 1382

Sa les Price  rapemea l 350 350 350 350 350 350 350 350 350 350

Sa les Price  straw/stocks 0 0 0 0 0 0 0 0 0 0

Sa les Price  glycerin 120 120 120 120 120 120 120 120 120 120

Revenues biodiese l 298 342 404 484 606 727 857 986 1134 1304

Revenues rapemea l 122 141 166 199 249 299 352 405 466 536

Revenues straw/stocks 0 0 0 0 0 0 0 0 0 0

Revenues glycerin 3 3 3 4 5 6 7 8 10 11

T ota l revenues 422 486 573 688 860 1031 1217 1400 1610 1851

Variable Cost RSO #REF! 264 304 358 430 537 645 761 875 1006 1157

Variable Cost catalyst+other #REF! 13 15 17 21 26 31 36 42 48 55

 Total variable Cost #REF! 277 318 375 450 563 676 797 917 1054 1213

Net Profit Contribution 146 167,5 197,6 237,2 296,5 355,8 419,8 482,8 555,2 638,45

  Fixed Cost 179 179 179 179 210 210 210 210 210 210

  Diverse Taxes  

Opera ting Surplus (EBIT DA) -33 -11,55 18,6 58,13 86,2 145,5 209,5 272,5 344,9 428,18

  Inventory Movement 0

  Depreciation 28 28 28 28 28 49 21 21 21 21

Opera ting Ga in/Loss -61 -39 -9 30 59 97 189 252 324 407

 Financial Costs (Interest & LMF) 5,9 18,5 24,1 26,3 24,0 21,2 27,8 25,0 21,3 17,5 13,8

Profit be fore  T ax -5,9 -79,6 -63,2 -35,3 6,5 37,4 69,1 163,5 230,3 306,4 393,4

  Loss Transfer 0 -6 -85 -149 -184 -177 -140 -71 0 0 0 0

  Taxable Profit 0 0 0 0 0 0 0 93 230 306 393

  Income Tax 18% 0 0 0 0 0 0 0 17 41 55 71

Profit a fte r T ax -6 -80 -63 -35 7 37 69 147 189 251 323

  Dividend 30% 0,0 0,0 0,0 0,0 2,0 11,2 20,7 44,1 56,6 75,4 96,8

Net Profit/Loss -6 -80 -63 -35 5 26 48 103 132 176 226
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Cash Flow

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Cash Flow

  Opera ting Surplus (EBIT DA) 0 -33,4 -11,6 18,6 58,1 86,2 145 210 272 345 428

  Debtor Changes  106 16 22 29 43 43 46 46 52 60

  Creditor Changes  41 6 9 11 17 17 18 18 21 24

Cash Flow be fore  T ax 0 -97 -21 5,33 41 60 119 181 245 313 392

  Paid Taxes 0 0 0 0 0 0 0 17 41 55

Cash Flow a fte r T ax 0 -97 -21 5 41 60 119 181 228 272 336

 Financial Costs ( Interest+LMF) 6 19 24 26 24 21 28 25 21 18 14

  Repayment 0 0 19 25 31 31 31 42 42 42 42

Free  Cash Flow -6 -116 -64 -46 -14 8 61 115 165 213 281

  Paid Dividend 0 0 0 0 2 11 21 44 57 75

  Financing - Expenditure (Wcap) 90 90 80 0 0 10 0

Cash Movement 84 -26 16 -46 -14 16 49 94 121 156 206

Source and Allocation of Funds

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Source  of Funds

Profit before Tax -6 -80 -63 -35 7 37 69 164 230 306 393

Depreciation 0 28 28 28 28 28 49 21 21 21 21

Funds from Opera tions -6 -52 -36 -8 34 65 118 185 251 327 414

Loan Drawdown 192 63 56 0 0 105

Equity Drawdown 82 27 24 0 0 45

Funds for a lloca tion 268 38 44 -8 34 215 118 185 251 327 414

Alloction of Funds

Investment 184 140

Repayment 0 0 19 25 31 31 31 42 42 42 42

Paid Taxes 0 0 0 0 0 0 0 0 17 41 55

Paid Dividend 0 0 0 0 0 2 11 21 44 57 75

T ota l a lloca tion 184 0 19 25 31 173 42 62 102 140 172

Changes Ne t Curr. Asse ts 84 38 25 -33 3 42 75 122 149 188 242

Ana lysis of Changes

Current Asse ts

Cash at start of year 0 84 58 74 27 13 29 78 172 293 449

Cash at end of year 84 58 74 27 13 29 78 172 293 449 655

Changes in Cash 84 -26 16 -46 -14 16 49 94 121 156 206

Debtor changes 0 106 16 22 29 43 43 46 46 52 60

Stock Movements 0 0 0 0 0 0 0 0 0 0 0

Changes in Current Asse ts 84 80 31 -25 14 59 92 140 167 208 266

Liabilities

Creditor changes 0 41 6 9 11 17 17 18 18 21 24

Changes Ne t Curr. Asse ts 84 38 25 -33 3 42 75 122 149 188 242

  

                               Check line 0 0 0 0 0 0 0 0 0 0 0
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Balance

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Balance Sheet

Assets

  Cash Account 0 84 58 74 27 13 29 78 172 293 449 655

  Debtors (Acc Rec) 25% 0 106 121 143 172 215 258 304 350 402 463

  Inventory 0 0 0 0 0 0 0 0 0 0 0 0

Current Asse ts 84 164 195 170 185 244 336 476 643 852 1118

  Fixed Assets 184 157 129 101 74 186 137 116 95 74 53

T ota l Asse ts 268 320 324 272 258 430 473 593 739 926 1171

Debts

  Dividend Payable 0 0 0 0 2 11 21 44 57 75 97

  Taxes Payable 0 0 0 0 0 0 0 17 41 55 71

  Creditors (Acc Pay) 15% 0 41 48 56 68 84 101 120 138 158 182

  Next Year Repayment 0 19 25 31 31 31 42 42 42 42 42

Current Liabilities 0 61 73 87 101 127 164 222 277 330 391

  Long Term Loans 192 236 266 235 204 278 236 195 153 112 70

T ota l Debt 192 296 339 323 305 405 400 417 430 442 461

  Equity 0 82 109 133 133 133 178 178 178 178 178 178

  Profit & Loss Balance 0 -6 -85 -149 -184 -179 -153 -105 -2 130 306 532

T ota l Capita l 76 24 -15 -51 -46 25 73 176 308 484 710

Debts and Capita l 268 320 324 272 258 430 473 593 739 926 1171

Check Line 0 0 0 0 0 0 0 0 0 0 0

Profitability

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Profitability Measurements
NPV and IRR of T ota l Cash Flow

  Cash Flow after Taxes 0 -97 -21 5 41 60 119 181 228 272 336

  Loans Drawdown -192 -105

  Equity Drawdown -82 -45

T ota l Cash Flow & Capita l -274 -97 -21 5 41 -90 119 181 228 272 336

NPV Total Cash Flow 15% -274 -359 -375 -371 -348 -393 -341 -273 -198 -121 -38 

IRR Total Cash Flow 0% 0% 0% 0% 0% 0% 0% 0% 3% 9% 13%

NPV and IRR of Ne t Cash Flow

  Free Cash Flow -6 -116 -64 -46 -14 8 61 115 165 213 281

  Equity -82

Net Cash Flow & Equity -88 -116 -64 -46 -14 8 61 115 165 213 281

NPV Net Cash Flow 15% -88 -189 -238 -268 -276 -273 -246 -203 -149 -89 -19 

IRR Net Cash Flow 0% 0% 0% 0% 0% 0% 0% 0% 1% 8% 14%

Financia l Ra tios

ROI (Profit+Interest/Debt+Capital) -23% -12% -3% 11% 23% 23% 40% 42% 44% 44%

ROE (Profit/Shareh. Capital) -104% -266% 228% -13% -81% 277% 200% 107% 81% 67%

TR (Revenue/Debt+Capital) 157% 152% 177% 253% 333% 240% 257% 236% 218% 200%

Capital/Debt+Capital  7% -5% -19% -18% 6% 15% 30% 42% 52% 61%

Net Current Ratio 2,7 2,7 2,0 1,8 1,9 2,1 2,1 2,3 2,6 2,9

Liquid Current Ratio 2,7 2,7 2,0 1,8 1,9 2,1 2,1 2,3 2,6 2,9

Market Value (Total Capital/Equity) 0,2 -0,1 -0,4 -0,3 0,1 0,4 1,0 1,7 2,7 4,0

Debt Service Coverage -5,3 -0,5 0,1 0,7 1,2 2,0 2,7 3,6 2,1 6,1

Acceptable minimum 1,5 1,5 1,5 1,5 1,5 1,5 2,5 3,5 4,5 5,5

Loan Life  Cover Ra tio:

Future Cash Flow 173 311 382 433 451 450 380 228 464 719

Principal of Loans 192 173 154 134 115 96 77 58 38 19

LLCR 0,9 1,8 2,5 3,2 3,9 4,7 4,9 4,0 12,1 37,4
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Appendix 16 

Other results (Scotland) 
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