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Summary: Biofuels are seen today as a promising replacement for fossil fuels, as they can 
mitigate climate change effects by reducing the emission of CO2 gases and reduce a country's 
dependence on imported oil. As more than 80% of today’s world biofuel is produced using 
food crops such as corn, rapeseed, soy bean or palm oil; their sustainability is highly debated. 
Thus, the EU Commission has proposed a cap on food based biofuels, which is intended to 
alleviate the negative effects of intensified agricultural practices caused by heavy demand 
from the biofuel industry. Therefore, the objective of this thesis is to give a complete 
sustainability overview on first generation biofuels – those from food crops. All positive and 
negative effects and externalities of the production of first generation biofuels will be 
underlined, wherein the goal is to identify the impacts that EU Commission's cap or 
limitation on first generation biofuels will have on the identified key stakeholders. By using 
the PROMETHEE II decision support tool, four (4) identified alternative EU policies will be 
assessed. While this thesis represents an ex-post analysis, as the EU Commission has already 
made its decision related to adopting a cap on first generation biofuels, it is interesting to 
compare the results of multi-criteria decision support software, such as PROMETHEE II, 
with the decision of the EU Commission.  
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Chapter 1. Introduction 

1.1. Thesis overview 

Volatile oil prices, the uncertainty of sustainable oil supplies, and CO2 emissions 
released by fossil fuel consumption have pushed human society to search for more 
environmentally friendly, renewable and sustainable energy sources. Demand for energy 
will increase in tandem with the increase in worldwide population, together with related 
negative environmental and social implications. Additionally, as fossil fuels are a 
nonrenewable energy source, their reserves are ultimately limited, and it has been forecasted 
that at current consumption rates, the supply of petroleum, natural gas, and coal will last 
only for another 45, 60, and 120 years respectively. In this context, biofuels are considered a 
promising solution (Guo et al, 2015). 

Biofuels refer to liquid or gaseous fuels such as biodiesel, bioethanol and biogas 
which are made from biomass. Thus, biofuels are fuels derived from organic matter, or in 
other words from plants, or from agricultural, commercial, domestic and industrial wastes. 
A full description of biofuels and their production will be presented in Chapter 2. 
Nevertheless it is useful to point out that, currently, most of the world’s biofuel production 
(more than 80%) is produced from plants such as corn or sugar cane, which are used for 
ethanol production, or rape seed, soy bean, sunflower and palm oil, which are used for 
biodiesel production. As these sources are also important food crops, biofuels are intensely 
debated for their overall impact on inequality, food security and human rights. 

Major disputes in the food crop production are linked to indirect land use change 
(ILUC), which may cause negative externalities such as impacts on ecosystems, 
biodiversity, natural habitats and food and fresh water security. Since biofuels are a policy 
driven commodity, the EU Commission decided on October 2012 to tackle and mitigate the 
ILUC effects by proposing a cap or a limit to food based biofuels. This of course would 
impact all key stakeholders in the biofuel supply chain differently, while the ultimate goal 
remains to find the optimal solution.  

This MSc thesis is composed of 6 Chapters, and its purpose is to give a holistic, 
systematic and comprehensive introduction to biofuels and related issues. Chapter 2 gives 
an overview of biofuels, their properties, sustainability performance, and a description of 
EU policies which regulate and promote biofuel production. Chapter 3 describes the 
methodology used to identify the most appropriate EU biofuel policy and the reasoning 
behind its choice. This chapter will also provide additional information about the issues the 
EU and other key stakeholders in biofuel supply chain face in addition to a description of 
data collection and the decision support tools used. Chapter 4 will present the results from 
the analysis while also presenting the use of PROMETHEE II software in detail. Chapter 5 
is reserved for an overall discussion of the results, while Chapter 6 will conclude this study 
taking note of the limitations of the thesis and proposing further avenues for research. 

1.2. Thesis objective 

The decision by the EU Commission to propose a cap on food based biofuels in 
order to mitigate the negative impacts of indirect land use change, and promote the transfer 
to biofuel production made from waste, caused a lot of heated negotiations among the 
different key stakeholders. The proposed cap directly affected crop producers – the 
agricultural industry, as well as biofuel producers in every EU country. Moreover, the 
current commercialization of biofuels made from waste is very limited, and therefore it 
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cannot yet completely compensate for food based biofuels and meet total volume 
requirements throughout Europe. Therefore the EU Commission’s proposed solution is 
contradictory as on one hand, the negative impacts of indirect land use change will be 
acknowledged and mitigated, on the other hand it will also slow down and limit the biofuel 
production capacity. This ultimately means that it will be highly unlikely to reach the 10% 
renewable energy target in the transportation sector as defined by EU policies will be 
reached.  

The objective of this thesis is to develop a multi-actor multi-criteria decision aid 
methodological framework to identify the optimum limit that should be imposed on the 
production of first generation biofuels. To this end four (4) alternative scenarios with 
different biofuels penetration levels are considered, ranging from a 6% to 9% limit. To 
assess these limitations from the perspective of each stakeholder group, a number of 
relevant criteria were identified that stakeholders considered relevant for this decision. By 
using the Analytic Hierarchy Process (AHP) framework developed by Saaty, 1980, a 
preference or weight for each criteria could be assigned, after which the multi-criteria 
decision aid method PROMETHEE II, developed by Brans et al, 1985, was used to rank the 
alternatives based on the information provided.  

As the opinions and preferences of all key stakeholders regarding the proposed cap 
are considered equally important, their input will allow relevant decision makers to identify 
the ’best’ compromise solution; which is in the end the objective of this thesis. By using 
PROMETHEE II as a decision support method the decision-maker will in the end be in a 
position to use the appropriate tools for reaching compromised policy, which will take into 
consideration the stakeholders’ identified criteria and their preferences. 

The first proposal of a 5% cap that will count towards the 10% renewable energy 
target in transport by 2020 – was proposed by the EU Commission in October 2012. This 
proposal failed to be passed as legislation by the EU Parliament. Two years later, in 
December 2014, the EU Commission proposed a 6% cap, where this time, without any 
discussion with biofuel stakeholders it was forwarded directly to the EU Parliament for its 
approval. On the 28th of April 2015, as this thesis was being written, a final decision 
regarding the proposed cap on food based biofuels was made, and approved by EU 
Parliament, setting the cap at 7%. Therefore this thesis represents an ex-post analysis 
regarding the proposed cap on food-based biofuels. 

1.3. Thesis question raised 

In addition to the question of what would be the most optimal compromise solution 
in regards to the proposed cap on food based biofuels, several other questions were raised 
while conducting this research. Questions that emerged and that will be answered 
throughout this thesis are: 

1. What are the key objectives for all stakeholders, and what are their ultimate goals? 
2. How will the different alternatives affect how these goals can be reached? 
3. Which is more important: to reach the 2020 renewable energy target and continue to 

promote the production of biofuels or to limit the negative indirect land use change 
effects? 

By using the appropriate literature, methodology and decision support tool these 
questions will be addressed, while in the Conclusion Chapter new questions will arise giving 
directions for proposals for future research.  
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Chapter 2. Literature review 

2.1. Introduction to first generation biofuels  

 With the growth of the human population, and growth of energy demand, sustainable 
energy production has become one of the most pressing energy, economic, environmental 
and social issues. Today, about 18% of global energy consumption comes from renewable 
energy sources, with an increasing trend for the foreseeable future. Biomass, which accounts 
for approximately 6% of the share of renewable energy used today, represents biological 
material which is derived from plant or plant-based material. Any type of biofuel derived 
from biomass represents first generation biofuels. As an energy source, biomass can be used 
directly through a combustion process to produce heat, or indirectly via thermal, chemical 
and biochemical processes to produce biofuels. First generation biofuels today represent 
alternative fuels that are mainly produced from biomass, although they can be produced 
from animal fat as well. Biofuels are considered by many to be environmentally friendly and 
renewable source of energy. Environmental friendliness comes from the fact that biofuels 
are potentially CO2 neutral and they are seen as a renewable source of energy as they are 
mainly produced from biomass, such as energy crops, the supply of which is not finite as 
they can be replanted. CO2 neutrality comes from the fact that biofuels do not themselves 
emit additional carbon in the air beyond what the source material – biomass, absorbed 
during the process of photosynthesis.  

Biofuels can be categorized into 2, and in some categorizations 3 distinctive 
generations: first, second and third generation biofuels. First generation biofuels are 
produced directly from energy crops, or in other words from virgin vegetable oils (VVO). A 
country's choice of source material for biofuel largely depends on its location and climate. 
For example, the main domestic source material in Asia is palm oil, rapeseed oil in Europe, 
soybean in Brazil and corn crops in USA (Gerpen, 2005). Second generation biofuels are 
more sustainable, as they are produced from waste materials, such as used cooking oil 
(UCO), or waste oils, which mainly come from restaurants. Second generation biofuels can 
also be produced from animal fat, however this are more complex to use as additional 
documentation about animal origin and death are required. Lastly, the most sustainable 
biofuel are the third generation biofuels, those made from algae or lignocellulose, which are 
not yet in commercial production. The focus of this thesis will be on first generation 
biofuels, those produced from energy crops such as maize, corn, soy, palm or rapeseed oil, 
as they represent the most socially and environmentally ambiguous type of sustainable 
biofuels (Azad et al, 2015). 

Today, the most used biofuels are biodiesel and bioethanol; however other biofuels 
such as green diesel, vegetable oil, biogas and syngas are constantly increasing their market 
share (Azad et al, 2015). “Biodiesel, as the name already implies, is an alternative fuel, 
which is similar to conventional diesel fuel. Its similarity can be found in its chemical, 
physical and energy characteristics, where the outcomes of biodiesel usage are quite 
beneficial for the environment” (Martinov, 2014). For example, biodiesel emits 
considerably less sulphur and other air toxins as will be graphically presented and further 
discussed later on in this paper. Additionally, first generation biodiesel is presented as a 
non-polluting and renewable energy source, as it is produced from energy crops which can 
be constantly replenished (Gerpen, 2005). The use of biodiesel does not require engine 
tuning, which is and additional factor in favor of biodiesel production (Costa et al. 2013). 
Even though the chemical and physical characteristics of biodiesel are very similar to those 
of conventional diesel, biodiesel has about 9% lower calorific value for a comparable 
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volume of ordinary diesel, or in other words it has lower energy yield compared to ordinary 
diesel (Aransiola et al. 2014).    
 “Regarding chemical processes, biodiesel is produced through a process known as 
transesterification. This process comprises blending oil (from vegetable or animal sources) 
with any alcohol as a catalyst” (Martinov, 2014). Even though there are many other 
alternative ways to produce biodiesel, such as the supercritical fluid method, membrane 
technology or reactive distillation technology, transesterification process is the most 
common, due to its simplicity and high energy efficiency (Marchetti et al. 2007). 

“Since the 11th of December 1997, when the Kyoto Protocol was adopted, which 
represents the international agreement of the United Nations Framework Convention on 
Climate Change, its committing parties agreed to meet several CO2 emission reduction 
targets” (Martinov, 2014). This Protocol was created due to pressing issues and effects of 
climate change, caused mainly by the burning of fossil fuels. Fossil fuels, which present a 
non-renewable energy source, are still a very attractive energy source due to their 
concentration, and high energy yield (Everett et al, 2012, pp. 7). Fossil fuel attractiveness is 
today very much embodied in our every-day life, where they represent the biggest share of 
world’s primary energy consumption – up to 82% (Everett et al, 2012, pp. 5). Therefore, the 
needs for energy diversification, independence from fossil fuels, the avoidance of 
uncertainty risk in oil supply and price and above all the growing concerns for 
environmental degradation and climate change, pushed the international community to 
promote renewable energy sources (Perimenis et al. 2011). Due to these reasons signatories 
of the Kyoto Protocol agreed to implement various clauses, in order to accomplish a set of 
emission reduction targets. “One clause, which became a Directive of the European 
Parliament in 2003, was the production of biofuels as an answer to the pressing energy 
issues. With the promotion of biofuels, the European Parliament intended to achieve a 
reduction in CO2 emissions by reducing fossil fuel use“ (Martinov, 2014). Moreover, with 
this Directive, the EU intended to promote renewable and sustainable fuels and to tackle the 
problem of fossil fuel dependency (Directive 2003/30/EC).  
 “The European Directive 2003/30/EC set the share of the biofuels in energy use in 
the transportation sector to be 2% by 2005, 5,75% by 2010. Recently the target was 
increased to 10% to be met by 2020 (Directive 2003/30/EC)” (Martinov, 2014). The 
decision to promote biofuels in the transportation sector comes from the fact that 30% of 
world’s energy is used in transportation sector alone, where up to 98% of that energy is 
drawn from non-renewable sources – either gasoline or diesel (Everett et al, 2012, pp. 78). 
“By setting these targets in transportation sector, the European Parliament promoted the 
production of biofuels across the members of the European Union. Consequently during the 
period of 2005-2014, there has been an exponential growth of biodiesel production, to name 
an example of one type of biofuel” (Martinov, 2014). In numbers, biodiesel production 
achieved the growth of 13 times over its starting production between 2002 and 2011 
worldwide, and reached about 17 billion liters of annually (Costa et al. 2013). “This trend 
was not only present in EU member states, but also in big economies like United States and 
Brazil. Similarly in Brazil in December 2004, the Brazilian Government decided to create a 
National Biodiesel Program, where the primary intention was to replace 2% of current 
diesel oil consumption, this target was revised in 2013 to reach 5% (Costa et al. 2013). A 
similar programs were introduced in United States, Argentina and Asian countries as well, 
resulting in a massive increase in biodiesel production” (Martinov, 2014). 
 Today biofuels are gaining momentum, since the European Commission continues to 
set higher biofuels targets to be met, and is directly promoting the production of biofuels. 
Figure 1 illustrates total biodiesel production by continent from 2005 to 2012. 
“Governments of the EU member states, created various incentives, subsidizes and 
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obligations, to promote the production of biofuels, claiming it as a renewable, sustainable 
and environmentally friendly fuel. Governments also claimed that biofuels have the 
capability to partly or fully substitute diesel oil, and therefore they would be able to reduce 
dependency on fossil fuels, reduce Green House Gas (GHG) emissions and pollutants 
during its use while promoting local agriculture, and, of course, to meet the emission 
targets set in the Kyoto Protocol” (Martinov, 2014).  
 

2.2. Biodiesel vs. diesel and dependency on fuel oil 

Biofuels represent a renewable energy source, which is a non-toxic and 
environmentally friendly alternative fuel. One of the major practical advantages is that 
biodiesel does not require major engine alternations and modifications, and thus it can easily 
be used in present diesel engines (Shahir et al, 2015). 

Biodiesel, as one type of biofuel, generates various positive environmental impacts, 
which at the same time form the justifications for its promotion. First of all, biodiesel use 
leads to lower carbon monoxide (CO) and hydrocarbon (HC) emissions, up to 30% less 
when compared to conventional diesel fuel (Shahir et al, 2015). Moreover, it leads to lower 
smoke, particulate matter (PM), and air toxin emissions, although it does increase nitrogen 
oxide (NO2) emissions (Shahir et al, 2015). The reason behind higher nitrogen oxide 
emissions lies in the injection process in the engine of the vehicles, which is slightly 
advanced in biodiesel (Shahir et al, 2015). Figure 2 shows the percent of emissions 
generated by conventional diesel in comparison with biodiesel blends of 20% and 100%. It 
can be seen that the two biodiesel types, B20 (biodiesel with 20% blend in with petroleum-
based diesel), and B100 (biodiesel with 100% biodiesel content), generate considerable 
lower emissions, with B100 generating significant emission reductions, but on the other also 
increasing nitrogen oxide emissions (Krahl et al, 2009). 

Figure 1. World’s biodiesel production in thousands of barrels per day, 
Source: US Energy Information Administration, International Energy statistics (EIA, 2012) 
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However when discussing the long term effects on diesel engines due to the use of 

biodiesel, there are a number of points to be observed. On one hand biodiesel improves the 
performance of a diesel system due to inherent lubricity of the fuel which decreases wear on 
vital moving components. In another study 9 transit busses were observed and compared for 
a period of two years, where five of the buses operated exclusively on B20 and the other 
four on conventional diesel. Busses that run on B20 showed 1,2% lower fuel expenses 
compared to those running on petroleum diesel, which was a result of fuel efficiency due to 
the efficient combustion of B20. However, fuel filter clogs were a major problem in B20 
busses, leading to a situation where maintenance costs were slightly higher compared to 
busses that ran on petroleum diesel. (Shahir et al, 2015). 
 As mentioned before, there are different types of biodiesel depending on the 
percentage blended with petroleum diesel. Most biodiesel used today is the blend B20, 
which does not require major engine modifications when compared to B100 (Shahir et al, 
2015). Since, biodiesel represents a percentage blend with petroleum diesel an 
interconnection with gasoline is inevitable. The recent sharp drop in oil prices negatively 
impacted the production of biodiesel worldwide. The reason behind this is the fact that the 
cheaper fuel is more attractive, meaning the investments in renewable energy dropped 
drastically and caused a decrease in biodiesel production (World Economic Forum, 2015). 
Not only has biodiesel production dropped significantly, it now faces further future 
uncertainty because of production and policy obligations. Policy makers are now reluctant 
to create policies for future biodiesel production, with high uncertainty in the movement of 
oil prices (Biodiesel Magazine, 2014 US). This uncertainty is noticeable, especially in the 
Mediterranean market, where biodiesel production dropped by 30% (Argus 15-030, 2015). 

2.3. Biofuels as sustainable and renewable energy – Fact or myth? 

Even though biofuels are generally considered a renewable, environmentally friendly 
and sustainable source of energy, they are still the subject of intense discussions where 
opinions are strongly divided. On one hand biofuels are considered a tool for gaining 
independence from fossil fuels, they reduce GHG emissions mainly through their CO2 
neutrality in comparison to to conventional fuels, and they create a job which implies 
regional growth in rural areas (Perimenis et al. 2011). On the other hand, the production of 
first generation biofuels from edible crops, has been criticized as this increases food prices 
and food insecurity, primarily affecting people from developing countries. Furthermore, 
many scholars advocate that land use change is an additional factor not in favor of biodiesel 
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production. Biodiesel crops require significant land areas, and therefore they are held 
partially responsible for intensified cultivation, fertilization, soil depletion, ground water 
pollution, deforestation, and biodiversity loss among others. These issues are addressed with 
the promotion of second and third generation biofuels, where the source material used is 
mainly waste (used cooking oil, tallow / animal fat, and in the third generation, algae). 
However, the available quantity of second and third generation raw material and the lack of 
technology to produce the required quantities of biodiesel worldwide are limiting factors 
(Perimenis et al. 2011). 

In order for biofuels to be considered sustainable, their production needs to comply 
with following: 

1. They should be carbon neutral; 
2. They do not degrade the quality and quantity of available natural resources 

(mainly water and soil); 
3. They do not have negative social effects, such as an increase in food prices and 

availability; 
4. They are economically justifiable;  
5. They do not affect biodiversity; 

These criteria are the primary means of measuring the true sustainability of biodiesel 
production. However, in the next sections: the economic, environmental and social aspects 
will be assessed in turn.  

2.3.1. Economic aspects of biofuels  

The economics of any kind of renewable energy are complex. As an energy source, 
they must have a final cost to the end user. Even though biofuels have multiple 
environmental benefits, they come at a higher cost to the end users (Boyle et al, 2012, 
pp.169). Therefore to promote renewable energies, governments must, and have, taken 
action by means such as increasing the taxes on fossil fuels and giving favorable tariffs to 
renewable energy (Boyle et al, 2012, pp.169).  

The major economic component for biofuel production is their capital costs. Once a 
biofuel plant is established, the next major cost component significant operating and raw 
material cost which are associated primarily with fuel costs. Fuel costs are mainly connected 
to the production of energy crops: planting, fertilizing, protecting against pests, harvesting 
and transporting (Boyle et al, 2012, pp.170). In other words, a significant cost factor in 
production of biofuels is the cost of its raw material. Process costs account for 10% of total 
production costs in large production facilities, where as in smaller ones they can go up to 
40% (Shahir et al, 2015). These costs put the final product in a disadvantaged price position 
compared to fossil fuels and therefore governments need to take action in support of their 
policies. However, costs of raw material can be reduced by replacing them with cheaper 
resources such as waste or used cooking oil and algae. The problem with this raw material is 
the fact that they are not yet fully commercialized and availability is limited. Therefore, in 
order to promote biofuel production and consumption, governments mainly turn to the 
reduction of taxes, through for example, fuel tax exemption, biofuel production facility tax 
credit, biofuel retail tax credit and others. Additional means to promote biofuel production 
aimed at creating prices competitive with conventional fossil fuels; can be categorized 
through three subsidies:  

1. “European agricultural subsidies, which are granted through the Common 
Agricultural Policy (CAP); 

2. National laws that require a minimum share of biofuels in the fuels sold at the 
pump, which can be seen as a biofuel obligations and 
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3. De-fiscalization of biodiesel fuels, since energy taxes can add up to 
approximately half of the traditional fuel price” (Martinov, 2014).  

“All these three governmental actions are paid for either by the European Commission 
(through agricultural subsidies), the governments (through reduced energy tax revenues 
and biofuel obligations) and car drivers (through the increase in the final fuel price” 
(Martinov, 2014). Nevertheless, biofuel production creates some economic benefits as well, 
such as rural development, support for the agricultural sector, and the creation of jobs 
(Russi, 2008). 

In conclusion, renewable energy sources have complex economic drivers, and do 
need to be justifiable from an economic point of view. This economic justification can be 
seen only if renewable energies achieve economies of scale where the capital, fuel, 
operation and maintenance costs can be reduced (Boyle et al, 2012, pp.170). 

2.3.2. Environmental impacts of biofuels  

Environmental assessment of biodiesel fuels is hotly discussed topic. Biofuels are 
promoted as an environmentally friendly fuel, due to carbon neutrality and reduction of 
other greenhouse gas emissions as presented in the Figure 2 (Ziolkowska, 2013). However, 
biofuels have some serious environmental disadvantages that harm their reputation as a 
renewable and sustainable fuel. These are further elaborated on below. 

Land disadvantages – “is one of the most controversial and by far the most critical 
disadvantage of biodiesel production. Land disadvantages include the use of fertilizers, 
reduction in agricultural biodiversity” (Martinov, 2014), the use of genetically modified 
organisms, change of landscape, altering animal habitats, and biodiversity loss (Everett et al, 
2012, pp. 507). “As mentioned before most of the world’s raw material for biodiesel 
production are different types of crops which need massive amounts of land to meet quantity 
requirements. Therefore, these external costs have to be taken into consideration when 
producing biodiesel. Unfortunately, the only method available to use less land is to heavily 
use fertilizers, pesticides and machinery” (Martinov, 2014). In fact, without the utilization 
of fertilizers and pesticides, the yield of biofuel crops would be much lower, and would 
require five times more land in order to produce an equivalent amount of energy crops 
(Gomez et al, 2008).  

Deforestation – palm oil gives the highest energy yield, and additionally it is the 
most cost effective vegetable oil used in biodiesel production. However, the increase in 
palm oil demand requires land, sometimes at the expense of tropical forests, where it can be 
seen that palm plantations are a main cause of deforestation in South-Eastern Asia (Russi, 
2008). To put this issue in numbers, during the period from 1985 to 2000, nearly 90% of 
deforestation was caused by palm plantation expansions, and further deforestation is 
expected (Russi, 2008). Deforestation issues, due to cultivation of different crops, are shared 
in Argentina, Brazil and India as well. Deforestation can cause many negative 
environmental impacts as forests act as CO2 absorbers. This leads to a situation where the 
final result might be an increase in the release of additional quantities of GHG emissions 
(Russi, 2008).  

Fertilizers – in order to produce enough energy crops for biofuel production, 
agricultural entrepreneurs need to use enough fertilizers to increase the crop yield. “Without 
the utilization of fertilizers, biodiesel crop production would require even more agricultural 
land than it would otherwise, which can therefore magnify negative environmental effects” 
(Martinov, 2014). One of the most worrying effects of fertilizer usage is eutrophication, 
where the land becomes unsuitable for agricultural use, furthering damage to already 
impacted ecosystems (Russi, 2008). “An additional reason for concern is the pollution 
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threat to fresh underground water. Since most fertilizers are based on nitrogen and 
phosphorous, an overuse of fertilizers can lead to the pollution of watersheds, which seeps 
into stream, rivers, lakes and underground aquifers” (Martinov, 2014). Moreover, 
phosphorous triggers algae blooms, which reduce the amount of the oxygen in the water by 
releasing toxic chemicals and negatively influencing the water and plant ecosystem. Further, 
nitrogen that ends up in drinking water can create serious health issues, such as 
methemoglobinemia, which occurs as an illness that prevents newborns from utilizing the 
oxygen in their blood (Gomez et al, 2008).  

Water – “Water pollution was already presented as a consequence of the utilization 
of fertilizers, as biofuel crops are also water dependent crops and can put additional 
pressure on local water resources if not managed properly. For example, corn is a widely 
used biofuel crop, which is highly water dependent, and therefore puts stress on the 
available amounts of water allocated for drinking and irrigation needs (Gomez et al, 2008). 
One way water demands for biofuel crops irrigation can be reduced, is to genetically modify 
them to become less thirsty, introducing another problem area” (Martinov, 2014). 

Genetic Engineering of Biofuel Crops (GMO) – “Genetically modified crops are 
used since they can give better yields, can better resist pesticides and herbicides, and in the 
specific case of corn production, they can be modified to become less thirsty. Even though 
genetically modified crops can seemingly obtain better results, over- and miss- use, can lead 
to ecological problems and, in the worst case, to ecological disasters (Gomez et al, 2008)” 
(Martinov, 2014). 

2.3.3. Social aspects of biofuels 

The market for biofuels in Europe is a policy driven and all policies made by the 
European Commission that drive and regulate the biodiesel market will be explained 
separately. However, a key social aspect of biofuel production is its social acceptance which 
will be elaborated on here.  
 The main drivers for social acceptance of biofuels depend on its environmental 
footprint and its final price (Aransiola et al. 2014). Currently, biofuels have a bad reputation 
in society due to the negative environmental implications of their production. The biggest 
social concern about biofuels is in the concept of “food for fuel”, relating to how biofuel 
production competes with food production, and therefore is driving increases in food prices 
(Aransiola et al. 2014). To put this in numbers, more than 35% of total worldwide edible 
oils were used in biofuel production in the period from 2004 to 2007 (Aransiola et al. 2014). 
Additionally, this number is projected to rise up to 45% by the year of 2017 (Aransiola et al. 
2014). This increase in demand is also reflected in the food prices, where since 2006, the 
average prices for corn and soybean have increased 125% and 107% respectively. This 
raises ethical questions over the use of food crops as raw materials for energy production, 
while humankind is still fighting poverty and hunger (Macombe et al, 2013). 
 “Moreover, although there is no need for significant engine alterations or 
modification to run on biofuels, engines may eventually need additional equipment to fully 
use it. This is especially the case in winter time when it can be difficult, or sometimes even 
impossible, to start the engine at low temperatures” (Martinov, 2014). Therefore, engines 
need additional heaters to prevent, for example, biodiesel from gelling, or a new type of 
engine that will be more suitable for biodiesel fuel (Gomez et al, 2008). All of these factors 
can be off-putting for potential biofuel users, as they might need to pay more in order to 
fully use this type of fuel.  
 Biofuels’ social acceptance also depends on the additional welfare they create. In the 
U.S. studies have shown that biofuel promotion created close to 400.000 new jobs across the 
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economy in the year 2011 (US Department of Energy, 2013). The agricultural sector 
benefited the most from the promotion of biofuels, since a third of the jobs were created in 
the agricultural sector, through the production of energy crops (US Department of Energy, 
2013). As the agricultural sector is very important for biofuel production, it became a major 
lobbyer for first generation biofuel production, especially in the United States (Gomez et al, 
2008). 

2.4. Introduction to EU biofuel policies  

The biofuel market is driven by the policies of the EU Commission. The policies that 
shape this market were implemented in two major directives: the 2003/30/EC Directive and 
the 2009/28/EC Directive. The first EU Directive focused on the initial promotion of 
biofuels, and entered into force in May 2003. In 2007, the first biofuel progress report was 
published, and its results were used as inputs for the next directive, 2009/28/EC. In 
particular, the directive 2009/28/EC gave a more direct framework and strategies for how 
biofuel promotion should be handled by Member States.  

2.4.1. 2003/30/EC Directive 

The first European Commission Directive for the promotion of biofuel production to 
be accepted by Member States was agreed upon in June 2001 in Gothenburg, Sweden. This 
directive came into force on the day of its publication in the Official Journal of the 
European Union, on the 17th of May 2003. The Directive 2003/30/EC contains 29 points 
and 9 Articles, which describe the strategy for biofuel promotion in general for fuels ranging 
from biodiesel, bioethanol, biomethanol, to biogas (Directive 2003/30/EC). 

The first European Commission Directive for the promotion of biofuels had several 
important objectives: gaining independence from the fossil fuels, the promotion of 
agricultural sector growth, the promotion of environmentally friendly fuels and above all, 
reducing CO2 emissions, which represented a measure the EU needed to take in order to 
comply with the Kyoto Protocol. 
 The burning of fossil fuels, especially oil and natural gas, was identified as a key 
source of CO2 emissions, and the transportation sector was identified as the primary CO2 
emitter. At that time (2001) the transportation sector heavily depended on oil (98%). 
Moreover, 30% of total energy consumption was accounted for by the transportation sector, 
with energy use expected to increase, meaning a direct increase of CO2 emissions as well. In 
2001 CO2 emissions from the transportation sector were expected to increase by 50%, for 
the period from 1990 to 2010, or to around 1 113 millions of tons of CO2. Therefore biofuels 
were seen as a promising option to help a reach several 2003/30/EC objectives. 

One of the most important objectives set in the 2003/30/EC directive was the 20% 
substitution of conventional fossil fuels by alternative fuels, biofuels, in the transportation 
sector, by 2020. This objective was to be achieved with an increase in the market share of 
biofuels by 2% over 5 years using EU measures, such as tax exemptions, financial support 
for the biofuel industry, and above all, through the establishment of compulsory obligations 
for oil companies to use biofuels. By adopting these measures, biofuels could penetrate the 
energy market and become widely available with competitive prices. 
 Nonetheless, to be able to fully promote the use of biofuels, it was necessary to set a 
standardize quality of all types of biofuels, throughout all Member States. The European 
Commission has the responsibility to monitor all developments from biofuel production, and 
actively adapt and develop standards, while at the same time maintaining environmental 
requirements. Furthermore, for biodiesel this standard setting was especially important due 
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to the its use in vehicles, either as pure biodiesel, or as a blend, requiring that biofuels must 
comply with a set of quality standards to ensure optimum energy performance.  
 The promotion of biofuels does not depend solely on the measures taken by the 
European Commission, but also on the availability of natural resources and raw materials. 
Since the directive 2003/30/EC promoted first generation of biofuels, those produced from 
vegetable oils, it also promoted sustainable and governed agricultural practices, where 
biodiversity, land erosion, water pollution and use of fertilizers would be continuously 
monitored. 
 The first Directive to promote biofuels had some flexibility built in due to that if a 
Member State cannot reach the minimum percentage of biofuels due to the scale of the 
action (reaching 20% target by 2020), the European Commission may adopt different 
measures, by amending the first Directive. 
 Additionally, the 2003/30/EC directive had an important objective to promote 
research and technological developments in the field of sustainable biofuel production. 
Detailed analysis on the sustainability of biofuels, especially the environmental and 
economic aspects, would be published throughout all Member States, in order to endorse the 
best practice of biofuel production. 
 Another important aspect of 2003/30/EC directive was the process of reporting the 
status of the production and promotion of biofuels. All Member States should report to the 
European Commission before 1st of July each year the following points: 

1. what is the current feedback on the measures taken by European Commission for the 
promotion of the use of biofuels and other renewable fuels; 

2. what are the national resources allocated for the production of biomass for energy 
uses other than transport, and 

3. what are the total sales of transport fuel, and what is the share of biofuels (pure or 
blended) placed on the market for the preceding year. 

All Member States in their first report to the European Commission had to indicate the level 
of their national targets for the first phase, until 2006, and all Member States had to include 
the national indicative targets for the second phase as well, until 2010.  
 From the reports of all Member states, the European Commission was to draw an 
evaluation report by the 31st of December 2006 on the progress made in the use and 
promotion of biofuels. This evaluation report was expected to cover the following points: 

1. cost-effectiveness of the measures taken by the Member States to promote the use of 
biofuels; 

2. economic aspects and environmental impacts of the biofuel promotion; 
3. the full life-cycle assessment of the biofuel production, with the recommendations of 

the possible measures for the future promotion of biofuels that will met even stricter 
environmental standards and at the same time to become more competitive and cost-
efficient; 

4. sustainability of the energy crops produced, land use, intensity of cultivation, use of 
pesticides etc. due to the promotion of biofuels; 

5. the assessment of the effects of the promotion of biofuels on climate change and CO2 
emissions; 

6. recommendations for long-term possibilities for energy efficiency measures in the 
transportation sector. 

  



Page | - 12 -  
 

2.4.2. Biofuel progress report in 2007 

The first biofuel progress report that included all above mentioned points was 
published in 2007 by the Commission of the European Communities in Brussels. In Figure 3 
the EU estimations are presented regarding the growth of greenhouse gas emissions from 
the transportation sector (77 million of tons) for the period of 2005-2020. Therefore, the 
importance of biofuels was again stressed, especially as a much needed tool in to achieve 
greenhouse gas savings (Biofuels Progress Report, 2007).  
  

 
Biofuels did not appear on the market only after the 2003/30/EC Directive was 

promulgated; they have been available since the 1990s. Nevertheless, only 5 Member States 
had direct experience with the use of biofuels, and in 2001 the total market share of biofuels 
was only 0,3%. One major motive for the 2003/30/EC Directive was the volatility of the oil 
prices, which increased by around 20$-30$/barrel for a period of more than 15 years. This is 
shown in Figure 4. As can be seen in the figure, oil prices from 2003 to 2006 had doubled, 
due to events like: hurricane Katarina in 2005, a temporary shortfall in gas supply through 
Ukraine in the beginning of 2006. These events underlined the issue of inconsistency and 
the uncertainty of oil supply. Thus biofuels were given support as they were seen as a 
worthwhile solution and above all a solution to pressing energy issues at that time (Biofuels 
Progress Report, 2007).  

The European Union had set a target for 2010 of 5,75% of the total market share for 
fossil fuels in transportation sector should be replaced by biofuels. The EU did not only set a 
target just for 2010, but it also set an interim target for 2005 of 2% of the total market share 
for fossil fuels in transportation sector should be replaced by biofuels. Additionally, all 
Member States were required to set their own national indicative targets for 2005, while 
taking the EU interim target into account. The problem with this national interim target was 
that they were not mandatory. They did present a moral commitment to the Member States 
and no legal consequences would arise if these targets were not met.  
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The 2003/30/EC Directive required that the EU Commission publish a biofuel 
progress report by the end of 2006, additionally, in that report, apart from showing figures 
and facts of the targets achieved, the report should also present set targets if they were not 
met, promote new scientific evidence from the use of biofuels, and distribute the 
information about environmental and economic impact of biofuel use. This report also 
included measures under the Common Agricultural Policy, ensuring that energy crops that 
are used for biofuel production meet environmental sustainability standards (Biofuels 
Progress Report, 2007). 
 In 2005, as Table 14 in Appendix 1 shows, 4 out of 21 Member States did not use 
biofuels at all, and only Germany (3,8%) and Sweden (2,2%) had met their national targets. 
Other Member States achieved only 50% of their national set target for 2005. The final 
result for the interim target for 2005 was not achieved, as it was estimated that only 1% of 
total market share in the transportation sector represented biofuel use, as opposed to the 2% 
target set by EU Commission. Nevertheless, it was seen as a good progress, as the share had 
doubled over a period of two years. Concerning the specific types of biofuels, biodiesel 
reached a total share of about 1,6% of the diesel market, whereas bioethanol achieved only 
0,4% of the petroleum market. 
 In the first biofuel report, 19 Member States already set their national targets for 
2010, as Table 15 in Appendix 2 shows. Hypothetically speaking, if all Member States were 
to achieve the shares they have targeted, biofuels’ share in the transportation sector would 
reach 5,45% on an EU level, which is still 0,3% less than the objective for 2010 (5,75%). 
Considering however the experience from the interim target for 2005, the European 
Commission conclusion was that the biofuels Directive for 2010 was highly unlikely to be 
achieved, and projected that this share would be around 4,2%. Considering this information 
and results, a new and adapted target for 2020 was set to 10% and not at 20%, as it had been 
set in the 2003/30/EC Directive. 
 Sweden and Germany, as the two leading countries in the biofuel market, and the 
only ones that met their national targets, were used as an example, and their practice was 
promoted among all Member States. Germany was mainly concentrating on promoting 
biodiesel use, whereas Sweden concentrated on bioethanol. Nonetheless, their biofuel 
policies had several common factors. One major advantage both these Member States had 
was the fact that they were present on the biofuel market before the 2003/30EC Directive. 
Moreover, they both have biofuel tax exemptions, a combination of domestic production 
with imports (mainly of raw materials), and most importantly both countries considered first 
generation biofuels as a transition path to second generation biofuels. 
 The report also presented the different measures some Member States used to 
promote biofuels. Apart from tax exemptions, some Member States like France, Austria, 
Netherlands and UK, introduced biofuel obligations. Biofuel obligations represented a legal 
instrument where fuel suppliers were required to include a set percentage of biofuels in the 
total amount of the fuel that they will place on the market. European Commission saw these 
obligations as a good example of biofuel promotion due to the fact that they are more 
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effective, and that they could ensure large scale deployment. This indicated that legally 
binding targets are stronger, and therefore more likely to be achieved, compared to purely 
voluntary commitment. 
 The first report on biofuels also promoted some misleading and inaccurate 
information mainly regarding the environmental impact. In 1990s, nitrous oxide emissions 
were not included in the calculation of greenhouse gas impact, meaning that the benefits of 
the biofuels were exaggerated. Nitrous oxide emissions are caused by the use of fertilizers, 
and their global warming potential is about 300 times that of carbon dioxide leading to 
misleading conclusions. Furthermore, in Indonesia and Malaysia biofuel producers, 
especially that of biodiesel, were accused of deforestation and the destruction of natural 
habitats in order to produce enough palm oil. Information presented in the report claimed 
that biodiesel production used 30 000 tons of palm oil in 2005, which represented an 
insignificant number compared to the total palm oil market. This report furthermore claimed 
that the increase of global palm oil production was driven by food use and not by biofuel 
market. 
 Biofuel promotion was also expected lead to significant economic and social 
benefits – it was claimed that achieving 14% share of biofuels by 2020, would lead to the 
creation of 144 000 new jobs, and benefit the EU GDP by up to 0,23%. Additionally, the 
biofuel market could also contribute to improving trade relations between EU Member 
States as countries outside of the EU. The thinking was that this could lead to production 
and export of biofuels to other countries at competitive prices, generating additional 
economic benefits. 
 In the final conclusion of the first biofuel report, the promotion of biofuels was seen 
as a good example towards shifting to more renewable energy sources, while un-sustainable 
biofuel production and the conversion of land with high biodiversity value for the purpose 
of producing energy crops was highly discouraged. The European Commission agreed that 
biofuel policy should be clearer, with a better defined road map for achieving set targets 
through the promotion of good practice from leading Member States in the biofuel market. 

2.4.3. 2009/28/EC Directive 

After the European Commission’s Biofuel Report in 2007, the next Directive that 
shaped the promotion and use of biofuels was Directive 2009/28/EC, which mainly 
amended the 2 main directives for the promotion of renewable energy – Directive 
2001/77/EC and 2003/30/EC. Directive 2001/77/EC was concentrated on the promotion of 
renewable energy considering electricity, whereas 2003/30/EC Directive promoted the use 
of biofuels in the transportation sector (Directive 2009/28/EC). 

This directive emphasized that the 20% target for the total share of energy from 
renewable sources and the target of 10% total share of energy from renewable sources in the 
transportation sector by 2020, are both achievable and appropriate objectives. The Directive 
was intended to create long-term stability for the renewable energy market, by imposing 
legally binding objectives. This would result in sustainable investment in the renewable 
energy sector, which will reduce overall production costs, by achieving economies of scale 
(Directive 2009/28/EC). 
 The main purpose of 2009/28/EC was to upgrade the previous directives and pose 
clearer frameworks for the promotion of renewable energy. Additionally, this directive also 
promoted energy efficiency and the optimal combination of energy from renewable sources 
and technology that leads to energy efficiency. Therefore the main focus of this directive 
was on the environmental assessment of the production and consumption of renewable 
energy. To that end, Directive 2009/28/EC set clear, effective sustainability criteria for first 
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generation biofuels. The main purposes of these sustainability criteria was to mitigate and in 
the end avoid any negative environmental impacts from the use and promotion of first 
generation biofuels. The European Commission stressed that first generation biofuels should 
be seen just as a transition to second generation biofuels until their commercial availability. 
Therefore, the Commission encouraged the use and development of second generation 
biofuels. 

The target of a 10% share for renewable energy sourcing in the transportation sector 
for each Member State was seen as appropriate and easily achievable, since biofuels are 
traded easily, and each Member State with low capabilities and few resources for biofuel 
production, can easily acquire them from other Member States. This would further ensure 
consistency in the biofuel specifications and availability on the European level.  
 The main focus of 2009/28/EC Directive was on the environmental impacts of the 
biofuel production. The increasing demand for biofuels, due to incentives from this 
directive, should not affect and encourage the destruction of biodiversity, and should not 
deplete finite resources that are highly valuable to mankind. For these reasons, it was 
necessary to provide sustainability criteria and environmental requirements for agriculture in 
order to ensure that biofuels can only qualify for incentives if they meet these criteria and 
requirements. 

Land use change, as one of the most important factors for sustainable biofuel 
production, should be properly addressed and monitored, as well as other effects on 
biodiversity, food supply and prices, and the end effects on local prosperity in biofuel 
producing countries. Indirect land use change should be incorporated in the calculations of 
the greenhouse gas emissions, which will boost sustainable biofuel production that 
minimizes the impact of land use change. In this way, clear rules for the calculation of the 
greenhouse gas emission savings needed to be laid down, so they would represent objective 
environmental calculations. The set minimum from the European Commission is that 
greenhouse gas emissions savings from the use of biofuels shall be at least 35%, whereas, 
effective from 1st of January 2017, the greenhouse gas emission savings shall be at least 
50%, and from 1st of January 2018 shall be 60% compared to emission of conventional fuels 
(gasoline and diesel).  
 The European Commission also introduced a double counting feature, where second 
generation biofuels would be weighted double compared to the biofuels that are produced 
from energy crops. However, to reach commercial availability of second generation 
biofuels, Member States were advised to invest in research and development in renewable 
technologies that will lead to better environmental impacts and, at the same time, in 
technologies that will make biofuels more competitive.  
 As was presented above, Directive 2009/28/EC established a common framework 
for the promotion of renewable energy, it set mandatory national targets for all Member 
States, and most importantly for the biofuel sector, it established sustainability criteria. 
Member States were also advised to use adequate support schemes which would help them 
to reach mandatory targets. All supported measures were to be communicated with all 
relevant stakeholders such as consumers, producers and vehicle manufactures. 
Notwithstanding stakeholder involvement, the renewable energy obligation meant that the 
Member State has an obligation that required energy producers to include a given 
percentage of energy from renewable sources in their production and supply. This obligation 
also applied to energy consumers who needed to include a given percentage of energy from 
renewable sources in their consumption.  
 Since the European Commission set the target that 10% of the energy consumed in 
the transportation sector should come from renewable energy sources by 2020, each 
Member State had to adopt a national renewable energy action plan, and set out their 
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national target for the total share required by the European Commission (10%). Member 
States, whose shares of energy from renewable sources do not meet the national targets in 
the two years period set out in this Directive, have to submit an amended national renewable 
energy action plan, with adequate and more efficient measures and policies to rejoin the 
indicative trajectory.  
 One of the most important Articles in Directive 2009/28/EC, was the that if biofuels 
do not fulfill the sustainable criteria that were set out, they shall not be taken into account. 
This meant that all Member States must create national rules concerning the authorization, 
certification and licensing for the whole supply of biofuel. These rules must be objective, 
transparent, proportionate and non-discriminate in nature. Therefore in Berlin in 2010, the 
International Sustainability and Carbon Certification (ISCC) was created that will guarantee 
compliance with the sustainability criteria set by this directive, by certifying raw materials 
and biofuel end products. Today ISCC has 70 members, which is governed by the ISCC 
Association, which represent major biofuel producers (ISCC-System).  
 Sustainability criteria in Directive 2009/28/EC were mainly focused on the 
production of raw material for biofuels, and therefore on energy crops. Irrespective of 
whether agricultural commodities were produced inside or outside of the European Union, 
they should fulfil the sustainability criteria.  
 According to the directive biofuel raw materials shall not be made from the raw 
material that is obtained from high biodiversity land, nor from the lands that have one of the 
following statuses: 

(a) “primary forest and other wooded land; 
(b) protected lands by law or by relevant authority for nature protection purposes; 
(c) protected lands by law or by relevant authority for protection of endangered 

ecosystems or species; 
(d) natural highly biodiverse grassland that would remain grassland in the absence of 

human intervention; 
(e) non-natural highly biodiverse grassland, that would cease to become a grassland in 

the absence of human intervention”. 
Furthermore, biofuels shall not be made from raw material that is obtained from land with 
high carbon stock, nor from the lands that have one of the following statuses: 

(a) wetlands; 
(b) continuously forested areas, with land spanning for more than 1ha with trees higher 

than 5m; 
(c) “land spanning for more than 1ha with trees higher than 5m and a canopy cover of 

between 10-30%”. 
Biofuels shall also not be obtained from raw material that is obtained from the land that was 
a peat-land, unless there is sound evidence that the agricultural practices of extracting raw 
material do not result in drainage of previously undrained soil.  
 The European Commission shall publish a report every two years for the European 
Parliament and European Council on national measures that were taken in response to the 
sustainability criteria, as well as measures for soil, water and air protection. The first report 
was to be expected in 2012 which, apart from including results from the measures taken to 
fulfil the sustainability criteria set by this Directive, will include the analysis of the 
availability and the change of supply and demand of food crops, social impacts for people 
living in developing countries. 
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2.5. Biofuel progress reports in 2011 and 2013 

The Renewable Energy Progress Report in 2011 gave a holistic overview on the 
renewable energy industry in Europe and its future prospects towards the 2020 targets. This 
report also pointed out the main challenges and obstacles for the development of the 
renewable energy sector. Three main points were combined in this report: (1) a report on the 
European and national financing of the renewable energy, (2) recent progress of 
development of the renewable energy sources, and (3) the use of biofuels and other 
renewables in the transportation sector (Renewable Energy Progress Report, 2011). 
 This report pointed out that only nine European countries have achieved their 
national targets set for the transportation sector. These countries were Austria, Finland, 
Germany, Malta, Netherlands, Poland, Romania, Spain and Sweden. These countries were 
mainly using first generation biofuels, and they were seen as a predominant renewables 
source in the transportation sector until 2020. It was also noted that Europe has the strictest 
criteria in the world for sustainable biofuel production; however the EU Commission again 
highlighted the importance of the promotion and use of second generation biofuels 
(Renewable Energy Progress Report, 2011). 
 Even though the interim targets were not met in 2005, EU Commission presented the 
need to invest in research for advanced renewable energy technologies that would allow 
lower production costs of second generation biofuels. In this manner, a bigger share of 
renewable energy in the transportation sector for the upcoming years would become more 
achievable. Therefore the EU Commission has communicated that more than one trillion 
euros is needed between 2011 and 2020 to achieve the 2020 energy goals. Priority in these 
investments will be given to renewable electricity, as the goal is to achieve higher new 
renewable power installations (Renewable Energy Progress Report, 2011). 
 In the conclusion of this renewable energy progress report, it was identified that the 
limited and fragmented growth of the renewable energy industry is due to the limited EU 
regulatory framework. Therefore the EU introduced a robust and supportive legislative 
framework that will give clear pathways for achieving the 2020 renewable energy target. It 
was also noted that it will be challenging to implement these policies on a national level, 
nonetheless this action is seen as a sign of progress that needed to be sustained (Renewable 
Energy Progress Report, 2011). 
 The renewable energy progress report in 2013 gave more direct numbers on the 
progress of each renewable energy source. It was also identified that the 2020 energy goals, 
20% share of renewable energy in the final consumption and 10% share of renewable 
energy in the transportation sector, are the headline targets for the European 2020 strategy 
for growth, as it will directly influence Europe’s industrial innovation (Renewable Energy 
Progress Report, 2013). 
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In this progress report, as Figure 5 shows, it was presented that biofuel industry 
achieved a slight surplus in 2011, compared to the expected trajectory, however after 2011 
the rate of growth in the production of biofuels had declined, and its trend was expected to 
be below the planned trajectory. Therefore, the EU Commission proposed amendments for 
the promotion of second generation biofuels that will contribute to the 2020 energy target 
and set the trend of biofuel trajectory to the planned path (Renewable Energy Progress 
Report, 2013). 
  In the renewable energy progress report from 2011, it was identified that this sector 
will need one trillion euros of investment to reach the 2020 renewable energy goal. The 
economic crisis had a negative influence on the renewable energy sector, especially on its 
capital costs. Combined with administrative barriers in the renewable energy sector, this 
resulted in delayed investments and inconsistent support schemes. Particularly in the case of 
biofuels, the lack of progress on the adoption of new legal frameworks regarding the 
taxation of energy resulted in uncertainty regarding support schemes (Renewable Energy 
Progress Report, 2013). 
 The renewable energy progress report in 2013 presented statistical numbers 
concerning biofuel production. Eurostat reported that only 1.4% or 177ktoe of all EU 
consumed biofuels was produced from waste feedstock, or in other words, the total share of 
second generation biofuels. Moreover, 60% of biodiesel raw materials consumed in the EU 
in 2010 were produced in Europe, - Argentina was the largest exporter of biodiesel to 
Europe. Based on Eurostat data, total land use for biofuel production in the EU was less than 
3Mha (millions of hectares). Regarding the total land use for biofuel raw material 
production, only Poland and France reported their estimated range, which were 2% and 6% 
respectively of their national cropland. Nonetheless, the EU Commission also pointed out 
that land outside of EU which was used for biofuel raw materials production, had been 
identified as a potential disruption in land use rights and represented a social sustainability 
issue. The EU Commission did not yet have clear scientific data on any abuse of land rights, 
however it was to be strictly monitored and addressed (Renewable Energy Progress Report, 
2013). 
 Based on this report, the 4,7% share of biofuels in the transportation sector was 
estimated to have generated 25,5 Mt CO2eq savings. This estimated greenhouse gas savings 
however did not include indirect land use change and agricultural intensification, which 
would significantly reduce the CO2 savings. Therefore the report also included a proposal 
for limiting the contribution of first generation biofuels produced from food crops to 5% of 
the amount counted towards the total 10% share of renewables in transport by 2020. This 
proposed cap on first generation biofuels will have additional implications in the upcoming 
years, resulting in negotiations and debates, but above all would result in uncertainty for 
biofuel production and producers (Renewable Energy Progress Report, 2013). 

2.6. Introduction of cap on the first generation biofuels 

In October 2012, the European Commission released the Executive Summary of the 
impact assessment of indirect land use change related to the production of biofuels. This 
was the first report from the European Commission addressing the issues of ILUC caused by 
first generation biofuel production. Land use change can be explained as the conversion of 
forests into agricultural lands (deforestation), which will in turn lead to substantial amounts 
of CO2 released in the atmosphere. Currently, first generation biofuels are produced on 
existing agricultural and arable land, and if the demand of crops for food purposes continues 
to grow alongside energy demands, this may in the end lead to land use change in order to 
produce enough crops for food and biofuels simultaneously. The main objective of the 
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European Commission’s report was to address indirect land use change in the best possible 
and most accurate manner, since it can have great effects on the calculation of total 
greenhouse gas emissions as well as savings from biofuels. This report represents the first 
point in the process of proposing legislative measures on the first generation biofuels 
(European Commission Executive Summary, 2012) 

In response to indirect land use change related to the biofuel production the 
European Commission considered five possible policy options as described in Table 1.  

 
Table 1. European Commission’s policy options addressing indirect land use change from biofuel production 

Source: (European Commission Executive Summary, 2012) 

Policy options/sub-options and their combinations Policy descriptions 
A) Taking no action for the time being to 

address indirect land use change, but 
continuing to monitor it 

This policy option is referred to 2009/28/EC 
Directives’ biannual reporting and including ILUC in 
the environmental impact assessment. It also referred 
to on scientifically monitoring the effect on the ILUC 
and developing credible models to present them. 
 
This option was supported by the stakeholders who 
did not believe in the current system and models for 
presenting the ILUC from biofuel production, such as 
farmers and agricultural associations, and biofuel 
producers from third countries.  

B) Increasing the minimum threshold for 
greenhouse gas emissions savings for 
biofuels 

This policy referred to requiring higher greenhouse 
gas savings, and therefore compensating the indirect 
land use change emissions, or reducing the threshold 
of indirect land use change, meaning that all biofuels 
that exceed this threshold would be excluded. 

 
This policy option was not supported by any of the 
stakeholders. 

C) Introducing additional sustainability criteria 
for production of certain types of biofuels 

This policy option considered introducing additional 
sustainability criteria for biofuel production on a 
global level. These criteria would specifically focus 
on mitigation of indirect land use change emissions.  
 
This policy option was supported by NGOs, and most 
stakeholders as well, however it implied massive 
administrative work to address indirect land use 
change on a global level. 

D) Attributing to quantity of greenhouse gas 
emissions savings of biofuels, with reflecting 
the estimated indirect land use change impact 

This policy option was very similar to option B; 
however it was more in the compliance of the 
Directives that shape the promotion of biofuels. It 
referred to incorporating the estimated land use 
change emissions values in the existing greenhouse 
gas methodology for biofuels. 
 
This policy option was mainly supported by non-
governmental organizations and as well non-biofuel 
stakeholders. 

E) Limiting the contribution from first 
generation biofuels 

This policy option referred to minimizing the 
production amount of first generation biofuels and 
therefore minimizing as well the impact of the 
indirect land use change. This threshold was 
suggested to be at the level of 5%. This meant that 
second generation biofuels, or the one produced from 
waste feedstock, would be favored.  
 
This policy option was supported mainly by NGOs 
and certain industrial stakeholders. 
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 All these policies were introduced and discussed at length in the European 
Parliament, where all Member States and key stakeholders were present to give their point 
of view. After each policy was introduced and discussed, the present key stakeholders were 
entitled to place their votes – for or against the proposed policy. Thus, policy A was 
immediately discarded, as indirect land use change was seen as posing issue to the future 
developments of the biofuel market and therefore appropriate actions needed to be taken. 
Policies B and D were discarded by the present stakeholders as well, due to the high level 
uncertainty of the current models that address and estimate the impacts of indirect land use 
change, and therefore it would unable accurately perform greenhouse gas emission savings 
calculations. Option C, which referred to implementing additional sustainability criteria, 
was discarded as well, since ILUC factors were insufficiently developed, and therefore 
global sustainability criteria that would focus on mitigation of indirect land use change 
impact could not be included in the legislative proposal. Therefore the only option available 
was E, as it would require only moderate industrial adjustments, and it would only exclude 
first generation biofuels beyond the proposed production levels. This, the report stated, will 
further provide a strong incentive for second generation biofuels (European Commission 
Executive Summary, 2012).  
 Based on the European Commission Executive report, on 9th of December 2014, 
without any further debate the EU Commission adopted proposal E to reduce climate 
change impacts, which would also reflect the sustainability concerns and address GHG 
reduction benefits. This proposal, apart from setting a cap on first generation biofuels, 
additionally stressed the importance of transition to second generation biofuels, and created 
further incentives for these types of biofuels. Nevertheless, the main part of this proposal, 
and the main point of debate, was regarding the size of the proposed cap on first generation 
biofuels that was set to be a maximum of 6% of the amount counted the 10% share of 
renewables in transport by 2020. The first response to the proposal was rather boisterous. 
The European Biodiesel Board (EBB) and European farmers federation Copa Cogeca 
advocated that the proposed cap on first generation biofuels set in the draft EU legislation 
must be raised. These two main stakeholders – alongside with the oilseed producers 
federation Fedoil, cereal farmers body Coceral and the European oilseed alliance (EOA) 
said that the limit on first generation biofuels in road transport fuels should be atleast 8%. 
These five federations also claimed that they cannot accept any cap that is lower than 8% 
(Argus 15-032, 2015). 
 These key stakeholders also attacked indirect land use change (ILUC) concerns – 
which were also a central focus of disagreements over the legislation. They claimed that 
there is no sound and consensual scientific basis at the international level which analyses the 
impact of this “theoretical” phenomenon. After the first report on indirect land use change in 
2012, where the first proposed cap was set at 5% on first generation biofuels, the proposal 
failed to pass the legislature due to various debates, and a compromise cap of 7% for first 
generation biofuels, was also not able to be passed (Argus 15-032, 2015). 
 After these attempts, the European Union’s Environment Committee voted on the 
24th of February 2015, to limit the share of first generation biofuels – those made from food 
sources – in transport fuel, to 6% of demand by volume. The European biofuel industry was 
divided on the proposed limit to the use of food-based fuel. First generation biodiesel 
producers and oilseeds growers have attacked the measure, while the ethanol and used 
cooking oil – waste biofuel – industries were rather unsurprisingly supportive. Fedoil 
claimed that the proposed legislation would have negative effects on the biodiesel industry, 
and that in the absence of safeguards for current investment and jobs, the methodology 
would not deliver lower carbon transport in the EU. EBB additionally reported that the vote 
was bad news for Europe and they also raised concerns about the principle of ILUC 
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reduction – claiming that the evidence presented on ILUC was completely unreliable. These 
stakeholders additionally underlined the importance of reaching the 10% renewable energy 
target in the transportation sector by 2020 as a whole, but with the imposed cap of 6%, this 
target would be highly unlikely to be met as the commercialization of second generation 
biofuels had not reached the stage where it could compensate the remaining volume needed 
to reach this target (Argus 15-038, 2015). 

The proposed legislation, which also included indirect land use change impacts in 
the greenhouse gas emission calculations, was presented in April 2015 to the European 
Parliament and EU ministers. After heavy negotiations a compromise solution of 7% was 
voted upon, where a major incentive for transition to second generation biofuels was 
implemented as well. The proposed legislation was passed by EU Parliament, where the 
final compromise cap of 7% was adopted, and it will become legally binding by the end of 
2015. (Argus 15-038, 2015). Therefore, as this thesis is ex-post research, it will examine the 
impacts of how different proposed caps impact the key stakeholders and their objectives by 
using an appropriate decision support method. 

2.7. Multi-criteria analysis for biofuel production  

As this MSc thesis’ aim is to investigate the applicability of different policies and 
different stakeholders’ opinions regarding the proposed cap on first generation biofuels, it is 
important to include different economic, social and environmental approaches that have 
been used to analyze different biofuel issues. In current literature, the most common 
approaches used to analyze the biofuel industry are: Life Cycle Analysis, cost-effectiveness 
analysis, GIS-based models, and market and price related analysis (Turcksin et al. 2011). 
Most of these analyses, however, do not include the opinions of different stakeholders, 
which has been identified to be a key factor for successful biofuel policy implementation. 
Thus to examine and analyze how different policies regarding the proposed cap on first 
generation biofuels would impact each stakeholder, it is necessary to use multi-actor multi-
criteria analysis (MAMCA). Multi-actor multi-criteria methodology integrates different 
types of analysis, such as cost-benefit analysis, environmental effect analysis, social impact 
analysis and others, into a holistic overview of the posed research subject. Therefore, using 
MAMCA methodology will allow the identification of the optimal solution for the proposed 
cap on first generation biofuels, by taking all stakeholders opinions and preferences into 
consideration, by identifying boundary criteria and by using appropriate mathematical 
algorithms. Nonetheless, the most important result of using MAMCA methodology in this 
particular case, is that it will allow policy makers to observe how different policies would 
impact different stakeholders, or in other words their sensitivity to different policy 
alternatives (Turcksin et al. 2011). 

MAMCA methodology has been previously used in the biofuel industry for different 
research purposes, especially for developing policies and legal frameworks. For example 
MAMCA methodology has been used to develop sustainable governance for biomass 
production for biofuels in Mozambique (Schut et at, 2014). By using MAMCA in that 
particular case, it was identified how sustainability should be governed across different 
stakeholder groups, but above all how the involvement and representation of key 
stakeholders during the different stages of the development of the governance framework is 
essential for its later implementation success. Similarly, MAMCA methodology was also 
used in the case of Turkey, where the main purpose was to evaluate the environmental 
effects of transportation modes, where stakeholder participation was a crucial aspect in the 
entire analysis (Tuzkaya, 2009). In this case, all key stakeholders were encouraged to come 
to a consensus about different criteria and alternatives, where after appropriate methods 
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were used for ranking these alternatives. Therefore, to examine how a proposed cap on first 
generation biofuels will impact each stakeholder, and to determinate the most optimal 
solution, it is useful to apply MAMCA methodology as it allows the evaluation of different 
alternatives (policy measures) on the objectives of the different stakeholders that are 
involved (Macharis et al, 2012). 

MAMCA is a unique methodology which combines multi-criteria analysis with 
perceptions of key stakeholders in a designated industry. Inclusion of different stakeholders 
is vital, especially in the transportation sector, since the successful implementation of 
various policies can often depend on it. Therefore, the starting point of MAMCA analysis is 
identifying the key stakeholders and different plausible scenarios or alternatives of the 
proposed research subject. Afterwards, it is necessary to define a number of criteria for each 
stakeholder group, as the ultimate goal is to identify an alternative solution which will 
optimize all defined criteria. Since it is impossible to optimize all defined criteria at the 
same time, a compromise solution is needed, thus this is the main justification for using 
MAMCA analysis as a decision support tool. Essential criteria that were previously 
identified for MAMCA analysis for biofuel industry are economic, environmental, social, 
and technical, where the main goal is to integrate them into a user-friendly tool (Turcksin et 
al. 2011). Table 2 presents some of the main criteria that are used in examining biofuel 
policies, with identified objectives for each criterion. Combining them in a mathematical 
algorithm of the defined criteria will enable the decision maker to make a compromise 
decision that will take into consideration all preferences from defined stakeholders. 

Table 2. Objectives of biofuel policy and criteria for MAMCA approach  
Source: (Ziolkowska, 2013) 

Effectiveness of biofuel policies 

Criteria 
Economic objectives: 
Maximizing economic 
efficiency 

Environmental 
objectives: Protecting 
the environment 

Social objectives: 
Improving social 
environment 

Objectives 

Reducing biofuel 
production costs 

Reducing greenhouse gas 
emissions 

Increasing consumer 
welfare  

Increasing biofuel's 
productivity 

Reducing water usage Supporting local 
communities 

Insuring national food 
security 

Reducing land use Improving health and 
safety issues 

Securing farmers’ 
income  

Protecting biodiversity 
and landscapes 

Creating new jobs 

 
MAMCA methodology is essential in defining the most optimal solution for the 

proposed cap on first generation biofuels, as it presents a decision support tool that uses 
comparative assessment of the alternative actions/decisions, but with respect to multiple 
stakeholders that are highly likely to be in conflict. As will be discussed later in this study, 
key stakeholders have different opinions and preferences on the proposed cap for first 
generation biofuels, and therefore it is essential to find the most optimal solution based on 
defined criteria. It is important to bear in mind that some criteria can be quantitative and 
some qualitative, and therefore it is important that they are converted into a form which will 
allow common assessment. Hence these criteria are converted for common assessment by 
translating their preferences into grades, which are based on a given grade scale, which 
usually ranges from 1 to 5, where 1 presents poor and 5 good performance. Afterwards, each 
defined objective of the biofuel policy is weighted by different stakeholders, and in that way 
MAMCA analysis can define optimized solution that will take all those weights into 
consideration (Turcksin et al. 2011). 
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MAMCA is a complex methodology and it is organized in seven steps:  
(1) definition of problem and identification of alternatives; 
(2) identification of relevant stakeholders and key objectives; 
(3) translating objectives into criteria and allocating weight (importance) to them; 
(4) operationalizing identified stakeholders criteria; 
(5) constructing evaluation matrix which aggregates each alternative contribution to the 

objectives of all stakeholders; 
(6) ranking alternatives and showing their weak and strong points and 
(7) implementation of the optimal policy measure.  
In the first step of multi-actor multi-criteria analysis, the problem that is being analyzed 

is identified as well its possible alternatives. In this particular case, these alternatives 
represent different policy options regarding the proposed cap on first generation biofuels, 
and these alternatives will be afterwards evaluated by different stakeholders, where the 
ultimate aim is to identify the most optimal compromise alternative.  

The second step consists of stakeholder analysis, where relevant stakeholders are 
identified, along with their key objectives. Stakeholders that have financial and other 
interests that will affect and be affected by the consequences of any decision taken. In this 
particular case the stakeholders are present in the biofuel supply chain. Thus, key 
stakeholders for this MAMCA analysis are: 

(1) agricultural sector; 
(2) biofuel producers; 
(3) fuel distributors; 
(4) end users; 
(5) vehicle manufacturers;  
(6) national governments and 
(7) non-governmental organization (NGOs).  

The Third step of the multi-actor multi-criteria analysis consists of two parts; in the 
first part objectives are translated into criteria, and in the second part these criteria are 
allocated with weights, or in other words, they are given a relative importance. It has 
been identified from previous MAMCA analyses that the criteria that are of concern to 
all stakeholder groups are the economic, environmental, legal and technical aspects of 
biofuels.  

(1) Economic aspects – for agricultural sector, it is important to have diversified 
crops that are offered to different markets (food, animal feed and biofuel 
production). Additionally, income from crop cultivation has to be at a sufficient 
level to make farming commercially viable. For biofuel producers, the biggest 
economic concerns are investment and production costs as well as the final cost 
of the fuel compared to fossil fuels. Fuel distributors, identified re-fuelling 
infrastructure costs as a major economic aspect, as these stations will be 
responsible for offering biofuels to end users. For end users, the final cost of the 
biofuel, as well as additional costs of possible engine alternations, and owning a 
compatible vehicle for biofuel, play a major role in their purchasing behavior. On 
the other hand, for governments, tax cuts, subsidies, administrative and policy 
implementation costs are major economic concerns. Nonetheless, biofuels are 
stated to bring economic growth with the increase of employment in many 
industrial sectors. For NGOs, the major economic concerns are with the increase 
of food prices and negative impacts on poor urban areas, with respect to local 
labor and land rights due to biofuel production.  

(2) Environmental aspects – for the agricultural sector, the main environmental 
aspect is that crop cultivation is managed in a sustainable way, without depleting 
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natural resources or polluting the environment. For biofuel producers, 
greenhouse gas savings are the main environmental goal, whereas for end users 
having a “green label” (driving an environmentally friendly car) is becoming 
more important in their purchasing decision. Having a green label is also 
applicable for car manufacturers, where now they invest more capital in 
producing biofuel compatible cars. For national governments, lowering the 
environmental pollution, and monitoring GHG emissions and local air quality are 
main environmental concerns, and NGOs are more focused on the total 
ecological and environmental footprint of the biofuel production chain.  

(3) Legal aspects – only a few stakeholders are affected by the legal aspects 
regarding production of biofuels. Biofuel producers need to produce fuel that 
complies with the fuel quality standards for diesel, EN590, and for gasoline 
EN228. Fuel quality standards are a key aspect for fuel distributors and for car 
manufacturers in order to design fuel stations/cars suitable for biofuels. National 
governments have a key role in the legal aspect, as they are the legal entity that 
will introduce laws and directives for biofuel production and promotion.  

(4) Technical aspect – as was the case with legal aspects, technical aspects are 
applicable for car manufacturers, fuel distributors and end users. Car 
manufacturers need to address performance issues which are related to limited 
driving range due to lower energy content of biofuels. Technical aspects that are 
the biggest concern to end users are availability of cars that are biofuel 
compatible and the availability of filling stations.  

In the second part of third step, weights are allocated to the defined stakeholder 
criteria according to their preferences. There are several possible methods for determining 
the weight allocation, such as direct rating, trade off, point allocation, pairwise comparison 
and others. However the most common and precise method to evaluate the weights for the 
defined criteria is pairwise comparison, or the Analytical Hierarchy Process (AHP) method 
(Saaty, 1980; Turcksin et al. 2011). This method consists of 3 steps, where the first step is to 
structure the decision problem in a hierarchy. Once the hierarchy decision tree is created, the 
following step is the pairwise comparison of criteria, where decision makers compare 
criteria by using a verbal scale and quantify their opinions about the criteria importance. 
This method uses a fundamental 9 point scale measurement to express individual 
preferences regarding defined criteria, thus creating a reciprocal ratio matrix, in which the 
number of rows and columns is defined by the number of criteria (Saaty, 1980). 
 In the fourth step of MAMCA analysis, previously identified criteria are now 
operationalized, or in other words they are measured. For each criterion, an indicator is 
given, and these are in most cases quantitative in nature. Indicators, in this particular case of 
biofuel production, can be direct quantitative indicators, such as money invested, 
greenhouse gas savings, or on the other hand they can be qualitative indicators such as 
willingness to pay, social acceptance and others.  
 In the fifth step, an evaluation matrix is constructed, where each alternative is 
aggregated to the final contribution of previously identified objectives by all key 
stakeholders. This aggregation is done by using several available decision support methods 
such as PROMETHEE (Preference Ranking Organization METHod for Enrichment of 
Evaluations), AHP (Analytic Hierarchy Process) or ELECTRE (ELimination Et Choix 
Traduisant la REalité or ELimination and Choice Expressing REality). These decision 
support methods are supported with mathematical algorithms and operations, and regardless 
of the method chosen, the evaluation of identified alternatives are inserted into the 
evaluation table for calculation.  
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 The Sixth step results in a ranking of different alternatives, and more importantly it 
shows their strong and weak points. Therefore in this step a decision maker has the full 
insight into each alternative, and how a certain alternative effects different stakeholder 
groups.  
 In the last, seventh step, of the MAMCA analysis, the decision maker is now 
responsible for the actual implementation of the chosen alternative – or in this particular 
case chosen policy measure for biofuel production. By identifying each stakeholder’s 
position towards criteria, this knowledge will facilitate the choice of the chosen alternative 
or alternatives, and will therefore help in the implementation process of policy measures as 
well. Additionally, in this step it is possible to modify already existing alternatives, using 
the better insight and knowledge gained by using MAMCA methodology. The 
implementation of adequate policy measures is of vital importance as it will guide biofuel 
market development in the future. Nonetheless, the importance of MAMCA methodology is 
limited by the barriers and disadvantages that might develop once an alternative is chosen. 
Even so once a policy measure is chosen, MAMCA methodology additionally assists in 
creating a policy framework that will provide long-term signals to all the key stakeholders in 
the biofuel supply chain, allowing for analysis of the effects of the chosen policy.  
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Chapter 3. Methodology and data 

The ultimate research goal of this thesis, as presented in Chapter 1, is to find the 
most optimal solution towards the proposed EU cap on first generation biofuels. Moreover, 
the research goal is to identify the pros and cons of each alternative, and how each 
alternative affects key stakeholder groups. In this particular case, the research objective is 
assessed in an interdisciplinary manner, or in other words economic, environmental and 
social aspects of biofuels are examined together. This integrated approach will give a 
holistic picture, and additionally identify the interconnections between different stakeholder 
groups. The methodology that will be used to examine the effects of the proposed gap on 
first generation biofuels, as presented in Chapter 2.7, is multi-actor multi-criteria analysis 
(MAMCA) which, apart from considering all relevant set objectives for the promotion of 
biofuels, also takes into consideration key stakeholders opinions and their preferences. The 
particular multi-criteria decision aid (MCDA) technique used in this study is PROMETHEE 
II (Preference Ranking Organization METHod for Enrichment of Evaluations) (Brans and 
Vincke, 1985). 

The developed methodological framework is presented in Figure 6. As shown the 
first step is problem recognition and its definition. The proposed cap on first generation 
biofuels implemented by the EU Parliament represents a problem as the stakeholders 
affected by it have different opinions towards it and it will also affect each of these groups 
differently. The next step in the methodological framework represents scenario analysis, 
where possible alternatives towards the proposed cap on first generation biofuels are 
identified. Scenario analysis can represent optimistic, pessimistic and most probable 
scenarios, where up to 4 scenarios are considered to be the most optimal. In this particular 
case, 4 scenarios were identified, which represents current, most probable, optimistic and 
pessimistic alternatives. Afterwards, stakeholder analysis is conducted, where the most 
important and affected parties are identified, and their role in the biofuel supply chain 
explained. The next step represents the complex development of the model, where each 
stakeholder’s objectives are identified, and by using the Analytical Hierarchy Process 
developed by Saaty, 1980, their preferences towards the identified criteria are weighted. 
Criteria are then operationalized, where quantitative or qualitative indicators are assigned, 
which will allow the measurement of each criteria. Once the evaluation matrix is complete, 
the data is put into PROMETHEE II software, where the most optimal solution will be 
identified through ranking all 4 identified alternatives. Finally, the most optimal 
compromise solution is identified. 
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3.1. Problem recognition 

 As presented in Chapter 2.6, on the 24th of February 2015, a cap on first 
generation biofuel was proposed by EU Commission, to be set at 6% of first generation 
biofuels to be counted towards a 10% share of renewables in transport by 2020. This caused 
heated reactions from among several stakeholders, mainly raw material suppliers and first 
generation biofuel producers, and consequently caused intense negotiations regarding the 
proposed cap. Key and most affected stakeholders wanted to raise this cap to 8%, whereas 
the EU Commission identified that first generation biofuels need to be suppressed, as 
indirect land use change caused by raw material production is causing severe environmental 
and social effects. In this case, the EU Commission supported second and third generation 
biofuel production and development. Nonetheless, in April 2015, conflicting stakeholders 
presented their arguments for the proposed cap on first generation biofuels, where a 
compromise solution of a 7% cap was agreed. This represents the starting point for setting 
the research goals but also for problem definition. 

3.2. Problem definition 

The proposed cap on first generation biofuels, apart from creating heated reactions 
among key stakeholders, was also in contradiction with the 2020 renewable energy target. 
Based on Eurostat data, currently the total share of biofuels in the transportation sector is at 
5,5%. Out of this 5,5%, first generation biofuel make up 85%, or in other words 4,67% of 
the total goal, where the remaining 0,83% represents second generation biofuels. If the EU 
Commission adopts the proposed cap on first generation biofuels, which is set at 6%, first 
generation biofuel producers have 1,33% space of growth over the next 5 years (till 2020). 
If presented on a yearly basis, first generation biofuels have very limited space for growth, 
or 0,266%/year, which goes against achieving the set target on time. Additionally, the EU 
Commission intends to promote second generation biofuels, and estimates this growth will 
reach a 1,25% share by 2020. Therefore, by using a simple mathematical operation, if an 
optimistic estimation of second generation biofuels reach 1,25%, and proposed cap on first 
generation biofuels is at 6%, the total share of biofuels in the transportation sector by 2020 
will be at 7,25%, which is 2,75% less than the set target. This can be expected to lead to a 
shortfall in potential greenhouse gas savings, a loss of jobs and therefore loss of national 
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GDP and welfare. Above all it will result in the failure of the EU Commission to reach its 
own renewable energy goal. 

On the other hand, not putting a cap on first generation biofuels at this stage will 
allow their share will continue to grow. Additionally, negative environmental impacts from 
intensive cultivation would potentially increase over the next 5 years causing an increase in 
food prices as well, and potential environmental degradation such as deforestation, negative 
impacts on ecosystems, biodiversity and human habitats would increase. Thus, these facts 
contravene one another other, and an optimal and compromising solution is needed towards 
setting the proposed gap on first generation biofuels.  

3.3. Scenario analysis 

As presented above, scenario analysis presents the different plausible alternatives for 
the proposed cap on first generation biofuels. In this work as shown in Table 3, four (4) 
credible alternatives were identified, which are: status quo or reaching the 9% share 
counting towards the 10% share of renewables in transport by 2020, an 8% cap which was 
proposed by the feedstock and biofuel producers, the 7% cap as a compromise solution 
between the proposals from feedstock and biofuel producers and EU Commission, and the 
6% cap which was proposed by EU Commission.  

 
Table 3. Scenario analysis for the proposed cap on the first generation biofuels 

  
All these 4 identified alternatives have both positive and negative features; 

nonetheless the objective of this paper is to identify the most optimal solution taking into 
consideration all affected key stakeholders. In the A) policy, imposing no cap on first 
generation biofuels might deplete already stressed natural resources and ultimately cause 
serious negative environmental effects such as loss of biodiversity and animal habitat, soil 
erosion, water pollution and others. On the other hand, reaching 9% share of first generation 
biofuels in transport by 2020 would increase the probability that the 10% target will be met 
as proposed by the 2009/28/EC legislation. Policy B) would implement some growth limits 
for first generation biofuels for the upcoming 5 years. In this case some ILUC effects would 
be addressed and mitigated to certain extent, having still a reasonable likelihood to reach the 
10% target by 2020. Policy C) represents a compromise solution between raw material 
suppliers and first generation biofuel producers and the EU Commission. This policy would 
lower the chances to meet the 10% target of renewables in transport by 2020 (as the 
availability of second generation biofuels most probably will not exceed the level of 1,25%), 
however it would greatly reduce and mitigate specific ILUC effects. Lastly, the policy D) is 
the proposal from the EU Commission, where in this case it would address and effectively 
reduce ILUC effects and aggressively promote the transition to second generation biofuels. 
On the other hand, having a 6% cap on first generation biofuels, will likely result in the 
failure to meet the 10% share of renewables in transport sector by 2020. 

Policy options/sub-options and their combinations Policy descriptions 
A) No cap – reaching 9% share of first generation 

biofuels 
Not posing any cap and not changing any 
legislation for biofuel promotion until 2020 and 
reaching up to 9% share of first generation biofuels. 

B) 8% cap on first generation biofuels As proposed by feedstock producers and first 
generation biofuel producers. 

C) 7% cap on first generation biofuels As a compromised solution between the feedstock 
and first generation biofuel producers proposal and 
EU Commission proposal.  

D) 6% cap on first generation biofuels As proposed by EU Commission. 
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3.4. Stakeholder analysis 

As presented earlier, stakeholder identification and inclusion is a key factor for 
successful policy implementation. Stakeholders can be defined as any individual or a group 
of individuals who have financial or other interest in the consequences of any decision made 
in a particular industry. By thoroughly identifying key stakeholders in this particular case, it 
will allow proper clarification and for preferences to be identified on different plausible 
alternatives. Additionally, it is vital to identify key stakeholders within MAMCA 
methodology, as they will provide necessary objectives, which are essential for identifying 
the most optimal compromise solution using the PROMETHEE II method.  

The identified key stakeholders, according to the biofuel supply chain, who are affected 
by the proposed cap on first generation biofuels are: 

1. Raw material producers – The European farmers federation (Copa Cogeca), 
oilseed producers federation (Fedoil), cereal farmers body (Coceral), European 
Oilseed Alliance (EOA) and agricultural traders. This group is the group most 
affected by the proposed cap on first generation biofuels, as it will significantly 
lower raw material production opportunities and therefore their potential future 
revenue; 

2. Biofuels producers – all biofuel producers (first and second generation) within the 
EU, which are mainly represented by the EBB (European Biodiesel Board). First 
generation biofuels will be affected in a similar manner to the raw material 
producers – lowering their production opportunities, whereas second generation 
biofuel producers will have significant incentives and support from the EU 
Commission; 

3. Fuel distributors – who represent primarily multinational corporations that produce, 
blend, compound, refine, manufacture and distribute motor fuels. These can be seen 
as oil majors with the capability to offer biofuels to the end users; 

4. End users – present any individual or group of individuals who purchase biofuels 
from the fuel distributors for their end consumption, this can be seen as those 
working in road assistance companies, transport and leasing sector as well as private and 
public fleet users; 

5. Vehicle manufacturers – present corporations with the capability to produce 
vehicles (automobiles or agricultural machinery) that are in compliance with the 
biofuel quality standards and vehicles that are compatible with biofuels; 

6. EU Parliament/Commission – present legal body that has the power of proposing 
and approving laws related to biofuel production. In this case, this stakeholder is 
entitled to bring up new policies and regulations regarding the cap on first generation 
biofuel; 

7. NGOs – Non Governmental Organizations that present the opinion of the 
environmentally conscious groups, such as Greenpeace, 350, WWF (World Wide 
Fund for Nature) and others. 

The viewpoint of all identified stakeholders, their preference on the plausible 
alternatives and defined criteria were obtained through an analytical review of credible 
scientific articles that used using MAMCA analysis on similar topics.  
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3.5. Model development  

3.5.1. Criteria definition and weight allocation 

Once key stakeholders are identified, the next step in MAMCA methodology is 
criteria definition and weight allocation. Criteria identified by stakeholders’ present their 

goals and objectives, which are afterwards weighted by their importance. Weights are 
allocated either by the affected stakeholders, market experts or decision makers. The 
identified criteria of the each stakeholder group are presented in the Figure 7.  

These criteria were identified as most the important and most common in several 
different literature sources, and which are at the same time applicable for this particular case 
(Turcksin et al. 2011). 

As presented in the literature review, weight allocation can be done by several 
possible methods, nonetheless, in this particular case and for more accurate weight 
allocation the Analytical Hierarchy Process (AHP) method will be used. Weights for each 
stakeholder group are allocated by experts such as stakeholder representatives, brokers 
(biofuel market consultants) and biofuel traders. There are different calculation techniques 
for computing the weights for each defined criterion using the AHP method; nonetheless in 
this particular paper weights are calculated using an arithmetic mean, which consists of the 
following three steps:  

(a) Sum the values in each column of the pair-wise comparison matrix; 
(b) Divide each element in the matrix by its column total (normalized comparison 

matrix); 
(c) Compute the average of the elements in each row of the normalized matrix. 

These averages constitute the relative weights of the compared criteria (Tegou et al, 2010). 
Furthermore, the AHP method also provides mathematical measures to determine 
inconsistency of the judgment. Consistency ratios can be calculated based on the properties 
of reciprocal matrices. A consistency index (CI) that measures the inconsistencies of 
pairwise comparisons and can be mathematically expresses as following:  
 
 𝐶𝐶 = ℷ𝑚𝑚𝑚−𝑛

𝑛−1
 (1) 
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The consistency ratio is then calculated as a fraction: 
 
                            CR = 𝐶𝐶

𝑅𝐶
                           (2) 

 
Where CI represents the consistency index and RI is the average CI of the randomly 
generated comparison. The CR should be <=0.1, to be considered acceptable. Otherwise, the 
decision maker has to revise his judgments. Weight and consistency ratios calculations are 
presented in Chapter 4. 

3.5.2. Criteria operationalization  

As previously explained in the literature review, at this stage all previously identified 
stakeholder criteria are operationalized by forming indicators (metrics or variables) that can 
measure whether or to what extent previously defined alternatives contributes to each 
criterion. In most of the cases indicators are of a quantitative nature, but they can 
nevertheless be qualitative as well. In this particular case, the measurement of criteria is 
done by a combination of literature review and expert consultation, where criteria that were 
quantitatively expressed are taken from official statistical sources such as Eurostat, official 
commodity reports and others. Criteria that could not be quantified were given qualitative 
values assigned by market experts and stakeholders.  
 Therefore, for the operationalization of raw material criteria, the EU Biofuels Annual 
2014 by GAIN (Global Agricultural Information Network) was used, where the total 
requirement of raw material was calculated for each alternative, by having the value of how 
much raw material is needed to produce the current available quantities of biofuels (which 
accounts for 5% of the amount counted towards the 10% share of renewables in transport by 
2020) (Flach, 2014). Furthermore, for total biofuel production capacity Eurostat data from 
2013 was used, which indicated that 13.000.000 tons of biofuels were produced in 2013, 
which is, as in the case of raw material producers, accounted for a 5% share of the 10% total 
share of renewables in transport by 2020 (Eurostat, 2013). For calculation of the criteria for 
each remaining alternative, a simple proportional function equation was used. Data for 
realistic profit margins was based on expert consultancy, where an average of 30€/ton was 
used. Data for greenhouse gas savings was based on the Biofuel Progress report from 2007, 
where it was established that if biofuels achieve a 14% market share, greenhouse gas 
savings of 101-103MT CO2eq per year can be expected. As in other cases, the calculation 
for the remaining alternatives' criteria used a simple proportional function equation was 
used. All criteria operationalization is shown in Chapter 4.  

3.5.3. Visual PROMETHEE II method and ranking 

In order to find the most optimal solution regarding the proposed cap on first 
generation biofuels, Visual PROMETHEE II or Preference Ranking Organization Method 
for Enrichment Evaluations developed by VPSolutions will be used (VPSolutions software). 
By using this software, the evaluation of the 4 identified alternatives can be completed 
directly from the listed evaluation tables for each stakeholder group on a cardinal scale. 
Moreover the Visual PROMETHEE II method is built on a comparison pair /per pair of 
feasible alternatives along each criterion (Brans and Vincke, 1985). Therefore, this method 
consists of 4 steps with the following mathematical formulas: 
Step 1 – This step computes for each pair of possible decisions and for each criterion, the 
value of the preference degree. Let gj(a) be the value of a criterion j for a decision a. We 
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note dj(a, b), the difference of value of a criterion j for two decisions a and b (Brans and 
Vincke, 1985). 
 
 dj(a,b) = gj(a)−gj(b)   (3) 
 
Pj (a, b) is the value of the preference degree of a criterion j for two decisions a and b. The 
preference functions used to compute these preference degrees are defined as:  
 
 Pj(a,b) = F(dj(a,b)) with ∀x ∈]−∞, ∞[ , 0 ≤ F(x) ≤ 1] (4) 
 
Step 2 – This step consists of aggregating the preference degrees of all criteria for each pair 
of possible decisions. For each pair of possible decisions, we compute a global preference 
index. Let C be the set of considered criteria and wj the weight associated to the criterion j 
(Brans and Vincke, 1985). The global preference index for a pair of possible decision a and 
b is computed as follows: 
 
 𝜋(𝑎, 𝑏) = � 𝑤𝑤 × 𝑃𝑤(𝑎, 𝑏)𝑗∈𝐶  (5) 
 
Step 3 – The third step, which is the first that concerns the ranking of the possible decisions, 
consists of computing the outranking flows. For each possible decision a, we compute the 
positive outranking flow φ+(a) and the negative outranking flow φ−(a). Let A be the set of 
possible decisions and n the number of possible decisions (Brans and Vincke, 1985). The 
positive outranking flow of a possible decision a is computed by the following formulae:  
 
  φ+(a) = 1

𝑛−1
= � π(a, x)𝑥∈𝐴   (6) 

 
 
The negative outranking flow of a possible decision a is computed by the following 
formulae: 
 

φ−(a) = 1
𝑛−1

= ∑ π(x, a)𝑥∈𝐴  
 

Step 4 – The last step consists of using the outranking flows to establish a complete ranking 
between the possible decisions. The ranking is based on the net outranking flows. These are 
computed for each possible decision from the positive and negative outranking flows. The 
net outranking flow φ(a) of a possible decision a is computed as follows:  
 
 φ(a) = φ+(a) − φ−(a)  (8) 
 

The higher the value of the net outranking flow for a decision, the better the decision 
is. In our application context where we are only interested in the best decision, we will 
choose the decision that maximizes the net outranking flows. Additionally, the decision 
maker has to think about preference function and preference and indifference thresholds, as 
these software functions are responsible for more accurate, “fine-tuned” results. The 
preference function can be Usual, U-shape, V-shape, Linear, Level or Gaussian. Regarding 
the given thresholds, preference threshold presents the number which is greater than the 
difference between two different consecutive alternatives. This number has to be greater 
than two consecutive alternatives to trigger change in the preference of the alternatives; 
otherwise it will present the indifference threshold (Brans and Vincke, 1985). All these 

(7) 
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functions will be illustrated in Chapter 4. Additionally, all results from Visual 
PROMETHEE II software were additionally verified by using MCDA-RES Software, where 
graphs representing the ranking of the alternatives present the result of that verification 
(Polatidis et at, 2009). 

3.5.4. Overall analysis and ranking of alternatives 

In this step of the methodological framework, results from Visual PROMETHEE II 
are available for observation and comparison. In other words, each defined alternative from 
scenario analysis is evaluated in regard to the defined stakeholder’s criteria by using the 
indicators and measurement methods that were identified in the criteria operationalization. 
Results are presented in graphs, where identified alternatives are linearly ranked for each 
stakeholder group with regard to their preference as presented in the Chapter 4. 
Nevertheless, the most important result of using PROMETHEE is not the rankings of the 
defined alternatives, but the insight gained and knowledge of how different alternatives will 
affect the identified stakeholder groups. By conducting the final analysis at the end, decision 
makers will acquire the necessary knowledge needed to identify alternative(s) for their 
implementation; this is important as the decision or policy maker in the end has the 
possibility of even combining two or more identified alternatives. Nevertheless, in this 
particular case, combination of different alternatives will not be possible. 
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Chapter 4. Application of the methodology and results 

 In this chapter the application of the AHP method for weight distribution, criteria 
operationalization and calculation as well as Visual PROMETHEE II results will be 
presented.  

4.1. Weight calculation results 

As discussed in Chapter 3, the AHP method was applied using the arithmetic mean 
to compute the weights for the defined stakeholder criteria (Tegou et al, 2010). First of all, 
pairwise comparison tables were given to representative stakeholders to be filled out. 
Representatives for biofuel producers were major companies such as ADM (Archer Daniels 
Midland) and Cargill. Major fuel distributors were Royal Dutch Shell B.V. Netherlands and 
Eni S.p.A Italy, while the most meaningful role in weight allocation was taken by STX 
Services, which is an environmental brokerage company present in the biofuel sector since 
2008. Once the pairwise comparison table was completed, the calculation of weights was 
done by following the calculation steps described in Chapter 3 (Tegou et al, 2010). Table 4 
shows the pairwise comparison matrix and standardized matrix where the weight for 
feedstock producers is being calculated. Weight calculation for the remaining stakeholder 
groups is provided in Appendix 3. 
 

Table 4. Weight calculation for feedstock producers using the AHP method 

Pairwise comparison 
Income from 
crop cultivation 

Sustainable 
agriculture 

Diversification 
of crops 

Land 
productivity 

Income from crop 
cultivation 1.00 7.00 3.00 5.00 
Sustainable agriculture 0.14 1.00 0.50 2.00 
Diversification of crops 0.33 2.00 1.00 3.00 
Land productivity 0.20 0.50 0.33 1.00 
Sum:  1.68 10.50 4.83 11.00 

     Standardize matrix       Weight % 
Income from crop 
cultivation 0.596 0.667 0.621 0.454 0.585 58.46 
Sustainable agriculture 0.085 0.095 0.103 0.182 0.116 11.64 
Diversification of crops 0.198 0.190 0.207 0.273 0.217 21.72 
Land productivity 0.119 0.047 0.069 0.091 0.081 8.17 

 
Once weight calculation was conducted, the consistency ratio could be determined. 

The consistency ratio was calculated by the formula provided in Chapter 3 (Tegou et al, 
2010). Table 5, shows the calculation steps and the resultant CR (Consistency Ratio), where 
the result should be <=0.1 in order to prove that the weight distribution and judgement of 
stakeholders was done in a consistent manner. CR calculation for remaining stakeholders is 
provided in Appendix 3.  

 
Table 5. Consistency ratio calculation for feedstock producers 

ℷ max 4.097 
     CI 0.032 
     CR 0.04 
     RI 0.9 
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Figure 8 represents the weight allocation of all stakeholders using the Analytical 
hierarchy Process (AHP) method. As expected, economic criteria were perceived as most 
important by raw material producers, biofuel producers and vehicle manufactures. Fuel 
distributors see biofuels only as an obligation they need to fulfil, where they still give 
preference to the fossil fuels. Therefore, for fuel distributors the availability of biofuels is 
the most important criteria, as it will mean their accessibility. 

 For end users, their main concern is the technical compatibility with already existing 
vehicles, as well the availability of biofuels. As general environmental awareness is still on 
average low, green image and reduced ecological footprint from the use of biofuels is not 
perceived as an important criteria. 
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For vehicle manufacturers, as discussed above, the economic criterion is the most 
important one, followed by the transparent and consistent EU legislations regulating biofuel 
production and promotion. 

For the EU Commission the reduction of oil dependency was perceived as the most 
important objective, followed by the impact on the EU budget and meeting the renewable 
energy target by 2020. In general the EU and NGOs were most concerned about 
environmental objectives and total ecological impact of the biofuel production chain.  

4.2. Criteria operationalization results 

Once weights were allocated for each of the identified stakeholder criteria, the next 
step was to operationalize or to apply certain indexes and measurement methods to those 
criteria. Tables 6-12 present the operationalization and calculation of each stakeholder’s 
criteria, data source and calculation were described in Chapter 3.  

 
Table 6. Criteria operationalization for feedstock producers 

FEEDSTOCK PRODUCERS 

Scenarios/Criteria 
Land productivity 

(Millions per 
Metric Ton) 

Diversification of 
crops 

Sustainable 
agriculture 

Income from crop 
cultivation (increase in 

% by 2020) 
Min/max of criteria Max Max Max Max 

Policy A (9%) 72MMT High Low 80% 

Policy B (8%) 64MMT Moderate to high Moderate 60% 

Policy C (7%) 56MMT Moderate Moderate to high 40% 

Policy D (6%) 48MMT Low High 20% 
 
 

Table 7. Criteria operationalization for biofuel producers 

BIOFUEL PRODUCERS 

Scenarios/Criteria 
Investment costs (for 

transition to 2nd 
generation biofuels) 

Greenhouse gas 
savings 

Realistic 
profit margin 

(Million €) 

Production capacity 
(Thousands of Tons) 

Min/max of criteria                Min Max  Max                  Max 

Policy A (9%) Low 65 MT CO2eq/year 702 23400 

Policy B (8%) Moderate 57 MT CO2eq/year 624 20800 

Policy C (7%) High 50 MT CO2eq/year 546 18200 

Policy D (6%) Very high 43 MT CO2eq/year 468 15600 
 

 
Table 8. Criteria operationalization for fuel distributors 

FUEL DISTRIBUTORS 
 

Scenarios/Criteria Availability of biofuels 
(Thousands of Tons) Existing logistics 

Transparent EU legislations ( in 
relation to the 10% renewable 

energy goal by 2020) 
Min/max of criteria Max Max                                    Max 

Policy A (9%) 23400 Existing Transparent 
 Policy B (8%) 20800 Existing Transparent 
 Policy C (7%) 18200 Existing Unclear 
 Policy D (6%) 15600 Existing Unclear 
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Table 9. Criteria operationalization for end users 

END USERS 

Scenarios/Criteria Green image 

Total cost of ownership 
(in relation to the 

biofuel and vehicle 
availability) 

Availability of 
fuels and 
vehicles 

Technical compatibility 
(in relation to the biofuel 
and vehicles availability) 

Min/max of criteria Max Min                Max                         Max 

Policy A (9%) High Low High High 

Policy B (8%) 
Moderate to 

high Moderate Moderate to high High 

Policy C (7%) Moderate High Moderate Moderate 

Policy D (6%) Low High Low Moderate 
 
 

Table 10. Criteria operationalization for vehicle manufacturers 

VEHICLE MANUFACTURERS 
 

Scenarios/Criteria Green image Market demand 
Transparent EU legislations ( in 
relation to the 10% renewable 

energy goal by 2020) 
 Min/max of criteria            Max            Max           Max 

Policy A (9%) High High Transparent 
 Policy B (8%) Moderate to high Moderate to high Transparent 
 Policy C (7%) Moderate Moderate Unclear 
 Policy D (6%) Low Low Unclear 
  

 

Table 11. Criteria operationalization for EU Commission 

EU Commission 

Scenarios/Criteria 

Reduction of oil dependency 
(% of renewables in 

transportation sector by 
2020) 

Greenhouse gas 
savings 

Reaching 2020 
renewable 

energy target 

Impact on EU 
budget (for 

transition to 2nd 
generation biofuels) 

Min/max of criteria                    Max Max                   Max           Min 

Policy A (9%) 10% 65 MT CO2eq/year Highly feasible Low 

Policy B (8%) 9% 57 MT CO2eq/year Feasible Moderate 

Policy C (7%) 8% 50 MT CO2eq/year Not feasible High 

Policy D (6%) 7% 43 MT CO2eq/year Not feasible High 
 
 

Table 12. Criteria operationalization for NGOs 

NGOs 
 Scenarios/Criteria Environmental impact of 

the biofuel production Fair prices for farmers Impact on food prices 

 Min/max of criteria Min              Max       Min 

Policy A (9%) Very high Moderate fair High 
 Policy B (8%) High Moderate fair Moderate to high 
 Policy C (7%) Moderate Fair Moderate 
 Policy D (6%) Low Fair                       Low 
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4.3. Visual PROMETHEE II results 

As presented in the Chapter 3, Visual PROMETHEE II or Preference Ranking 
Organization Method for Enrichment Evaluations developed by VP Solutions will be used. 
Visual PROMETHEE is a software implementation of the PROMETHEE II multi-criteria 
decision aid (MCDA) method. A screenshot of each data entry in Visual PROMETHEE II 
for all stakeholders is presented and additional steps are explained. Nonetheless, the results 
from Visual PROMETHEE II software were additionally verified by using MCDA-RES 
Software, where graphs representing the ranking of the alternatives present the result of that 
verification (Polatidis et at, 2009). Next to each figure, a table of PROMETHEE Net Flow 
(Phi) was given for a better understanding of the results and preferences of the stakeholders; 
the higher the value of the net outranking flow for a decision, the better the decision is.  
 Even though it was clear that for five out of the seven stakeholders, that the policy A 
(9% cap) is the dominant solution, they were still included into the Visual PROMETHEE II 
software analysis. PROMETHEE is a user friendly software application, where once criteria 
are operationalized, weights for defined criteria are allocated and data entry is 
straightforward. Preference thresholds present the number which is greater than the 
difference between two alternatives in one single criteria. It is the decision maker’s 
responsibility to put any number which is greater than the difference between two 
alternatives, then he considers it will give the most optimal results. In this particular case, 
numbers were mainly rounded to the higher value. Regarding the preference function, which 
can be Usual, U-shape, V-shape, Linear, Level or Gaussian, in this particular case the choice 
of this function was based on literature review and the nature of the data (quantitative or 
qualitative). 
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Scenario 

 As seen in the Figure 9, 
data entry is 
straightforward, where 
weights and criteria 
indicators are entered and 
the preference function is 
chosen with regard to the 
nature of the data. In this 
particular case 2 criteria 
are qualitative - 
nevertheless for more 
accurate results they were 
assigned numerical values. 
Due to the limitations of 
the software, which does 
not alow decimal numbers, 
the range of the qualitative 
data were from 10-40, 
where a decision maker is 
allowed to enter more 

accurate values.  

Rank Scenario Phi 
1 9% cap 0.662 
2 8% cap 0.273 
3 7% cap -0.217 
4 6% cap -0.719 

Figure 9. Visual PROMETHEE II data entry for feedstock producers 

Figure 10. MCDA-RES results for feedstock producers  
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For biofuel producers, 
most of the criteria 
were quantitative, 
where only investments 
costs had a qualitative 
value. Nonetheless, in 
this case, the qualitative 
value remained, as the 
software options were 
accurate and allowed 
for representation of the 
criteria indicators as 
they were assigned by 
the biofuel 
stakeholders. 
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Figure 11. Visual PROMETHEE II data entry for biofuel producers 

Figure 12. MCDA-RES results for biofuel producers 
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 Fuel distributors had 
only 3 criteria defined 
as their primary goals, 
where existing 
logistics did not make 
any difference towards 
the ranking preference. 
Additionally, in this 
case transparent EU 
legislations were 
assigned with 
numerical value for 
more accurate 
computing of 
PROMETHEE Net 
Flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rank Scenario Phi 
1 9% cap 0.684 
2 8% cap 0.273 
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Figure 14. MCDA-RES results for fuel distributors 

Figure 13. Visual PROMETHEE II data entry for fuel distributors 
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End users had 
qualitatively assessed 
all their criteria, 
nonetheless all of them 
were quantified for 
easier assessment and 
more accurate 
computing. Figure 16 
presents their ranking 
of the defined 
alternatives, where we 
can see that the results 
are not as steep as with 
the previous two 
stakeholders. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Rank Scenario Phi 
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Figure 16. MCDA-RES results for end users 

Figure 15. Visual PROMETHEE II data entry for end users 
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Similarly to end users, 
vehicle producers had 
all qualitative values for 
their criteria, and these 
were also assigned 
quantitative values. In 
the Figure 18, we see 
that there is small 
difference between 
policy A and B, as well 
as between policy C and 
D. Nonetheless, we see 
a steep decline in 
preference between 
policy B and C. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

Rank Scenario Phi 
1 9% cap 0.717 
2 8% cap 0.567 
3 7% cap -0.517 
4 6% cap -0.767 
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Figure 18. MCDA-RES results for vehicle manufacturers 

Figure 17. Visual PROMETHEE II data entry for vehicle manufacturers 
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 EU Commission had 
equal amount of 
qualitative and 
quantitative indicators, 
nonetheless all of them 
were assigned with 
numerical values. Even 
though Figure 20 shows 
that policy A is the 
most preferred one, the 
results are far from 
being straightforward, 
as the EU Commission 
in the first place 
proposed the 6% cap. 
This result will be 
discussed in detail in 
the next chapter.  

   

 

 

 

  

Rank Scenario Phi 
1 9% cap 0.868 
2 8% cap 0.331 
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Figure 20. MCDA-RES results for EU Commission 

Figure 19. Visual PROMETHEE II data entry for EU Commission 
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 Non Governmental 
Organizations  were the 
single stakeholders to 
prefer any other 
alternative than policy 
A. As seen in Figure 
21, all criteria were 
assigned numerical 
values, even though 
they were qualitative in 
nature. Due to their 
high environmental 
consciousness and 
concerns, policy D was 
the dominant solution. 

     

Rank Scenario Phi 
1 9% cap -0.733 
2 8% cap -0.315 
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Figure 21. Visual PROMETHEE II data entry for NGOs  

Figure 22. MCDA-RES results for NGOs 
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Chapter 5. Discussion and analysis 

 The multi-actor multi-criteria analysis method facilitates the better understanding of 
the identified objectives by key stakeholders, and how a certain action or decision will affect 
reaching these objectives. Thus, using MAMCA methodology in this case is beneficial to 
the decision maker, as choosing a policy that will define the cap on first generation biofuels 
will affect all stakeholders throughout the biofuel supply chain. The decision maker in this 
step has the opportunity to compare different plausible alternatives, where he will become 
acquainted with the consequences of his final decision that will affect each stakeholder 
group.  
 In Table 13, the overall/aggregate result of the Visual PROMETHEE II is given, 
where Figure 23 represents the graphical image of that result. It was computed by a simple 
mathematical operation, where aggregated results present the sum of all results from all 
stakeholders for a particular alternative. Even so, plain addition might not the best option to 
conclude which alternative is the most optimal compromise; in some cases it can give a 
better overview of the rankings of alternatives, as in this case. Thus, from Figure 23, it can 
be seen that policy A is the most preferred alternative, where there is small difference 
between this and policy B (8%). A much bigger gap and difference can be noticed between 
policy B and policy C (7%), where policy D (6%) is the least preferred alternative. 
 

Table 13. Overall results of Visual PROMETHEE software 

Scenario 
/PROMETHEE 

Net Flow 

Feedstock 
producers 

Biofuel 
producers 

Fuel 
distributors 

End 
users 

Vehicle 
manufacturers 

EU 
Commission NGOs Aggregate 

Results 

9% 0.908 0.698 0.868 0.662 0.684 -0.733 0.717 3.8943 
8% 0.313 0.285 0.331 0.273 0.273 -0.315 0.567 1.8075 
7% -0.320 -0.308 -0.402 -0.217 -0.273 0.278 -0.517 -1.6884 
6% -0.902 -0.675 -0.798 -0.719 -0.684 0.770 -0.767 -3.7143 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Every stakeholder group expect NGOs, preferred policy A, as to most of them it will 
secure profit, growth and prosperity. For raw material producers, if the policy is set to 9%, 
where no production limits will be put on food based biofuels, it will secure them an 
increase in production capacity, diversification of crops, and will result in profit growth. 
Naturally, they are less concerned with sustainability issues, although they are willing to 
implement sustainable practices to certain extent, as long as it benefits their harvest and 
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Figure 23. Overall scenario ranking 
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quality of crop production. Therefore, a cap on first generation biofuels would primarily and 
directly affect raw material producers, wherein their objective is to maximize the crop 
production. Similar reasoning is behind biofuel producers' preferences, where more than 
80% of today’s biofuel production is reserved for first generation biofuels. Transition to 
second generation biofuels would require a great amount of capital and a long period of time 
for full transition, where the raw material to produce second generation biofuels is not as 
widely accessible and commercialized as it is for first generation biofuels. Fuel distributors 
and vehicle manufacturers prefer when there is high availability of biofuels on the market, 
as it will ease their path to meet their own renewable energy obligations; for fuel distributors 
to blend a certain percent of biofuel in conventional fossil fuels (gasoline or diesel) is easier 
to accomplish. Whereas vehicle manufacturers will with greater ease, meet their targets of 
producing environmentally friendly cars, which will be additionally more compatible with 
high biofuel blends. Parallel to this reasoning, higher availability of biofuels would push 
vehicle manufacturers to produce technologically compatible cars, causing the end users 
would have lower costs of ownership. The only stakeholder group that preferred policy D 
(6%) were the NGOs, whose members have a high degree of environmental awareness, and 
where protecting ecosystems and human habitats are more highly valued than economic 
objectives. 

As it was noted in Chapter 4, by operationalizing the criteria for each stakeholder, an 
early analysis of the preferred alternative could be performed. Five out of seven stakeholder 
groups, in each of their set objectives already preferred policy A (9%), and therefore it could 
have been concluded in the early stage that policy A is the dominant solution. Nonetheless, 
the decision of where a limit of food based biofuels should be put was not as straightforward 
as it seemed. For example, the EU Commission proposed the cap of 6% or policy D, and in 
the Visual PROMETHEE results it can be noticed that the policy A is the most preferred by 
the EU. This can be explained as not all objectives of the EU Commission were included in 
the analysis, such as mitigation of ILUC effects, transition to second generation biofuels, 
and not quantifying a certain number of criteria, which at the same time represents the 
shortcomings of the research.  

To conclude this section, as this research is ex-post research, meaning the decision 
about the cap on first generation biofuels has already been made, it is very interesting to see 
and comment on that decision and compare the results from this research. The European 
Parliament has on the 28th of April 2015 adopted a compromise reached with EU member 
states that will set a cap on first generation biofuels at 7%. Additionally, EU member states 
are individually encouraged to set this cap lower. The new legislation will also require 
quantification and reporting of emissions caused by indirect land use change (ILUC) by fuel 
suppliers to the commission beginning in 2017. Member states will have to implement these 
changes within 24 months of the formal adoption by the EU, which is set to be by the end of 
2015. Thus, the compromise solution of 7%, was in the end chosen, which also well 
represents the compromise solution from this research, as Figure 23 shows that this policy is 
close to the middle of the graph. Even though it will be highly unlikely that the 10% 
renewable energy target will be reached by 2020, the EU Commission will define a new 
renewable energy policy for the period after 2020, which is represented by a new Directive 
that will shape the market outlook for biofuels within EU Member States.  
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Chapter 6. Conclusions 

 High volatility of oil prices, an unstable supply of oil caused partly by uncertain 
geopolitical developments, and pressing negative environmental effects caused by fossil fuel 
use will put even greater pressure on finding renewable and sustainable energy sources in 
the upcoming years. Biofuels have proven to be one of the answers to pressing energy 
issues, where today they could partially replace conventional fuels. While they are gradually 
gaining acceptance within EU member states, they still lack important further development, 
especially in producing cleaner emissions and having less impact on the environment. A 
number of studies have been conducted to examine the overall impact of producing and 
using biofuels, however most of them fail to give a straightforward answer due to the 
complexity of the biofuel supply chain. Nonetheless, after more than 10 years of being 
present on the market, biofuels are now not seen as a silver bullet, and it is agreed that 
biofuels create not only positive, but also negative effects and externalities. 
 The objective of this MSc thesis was to develop and apply a decision analysis 
framework for assessing how different policies related to the cap on first generation biofuels 
will affect the identified key stakeholders. First, a holistic overview of most important 
aspects of the first generation of biofuels was given, in order to have a clear outline of the 
positive and negative effects it has on the 3 pillars of sustainability: economic, 
environmental and social. As there were multiple findings that provide evidence that 
intensified agricultural practices caused by the increase of biofuel production had multiple 
negative impacts, the EU Commission decided to mitigate these changes, by putting a cap 
on first generation biofuels, those made from food crops. Therefore a multi-actor multi-
criteria methodology was applied for this particular case, where four (4) plausible 
alternatives related to the EU policy were examined. Since imposing this cap on the food 
based biofuels that will count towards 2020 renewable energy target, would cause multiple 
effects on the entire biofuel supply chain, key stakeholders were identified as well as their 
primary goals and objectives. These objectives represented their criteria, where Analytical 
Hierarchy Process (AHP) was used to weight them, and assign them relative preference. 
Once the criteria were operationalized by assigning them qualitative or quantitative values, 
the PROMETHEE II software was used to examine different alternatives and how they will 
affect identified key stakeholders. Out of 4 identified alternatives, the dominant solution was 
not to impose any cap on the first generation biofuels, and let the share of first generation 
biofuels reach 9% that will count towards a 10% target share of renewable energy in the 
transportation sector by 2020. Nonetheless, this policy was not chosen, and the compromise 
solution of 7% cap was accepted, where EU Commission’s first priority was to mitigate the 
negative effects of indirect land use change, and to promote the transition to second 
generation biofuels. With this decision it is highly unlikely that the 10% target share of 
renewable energy in the transportation sector by 2020 will be reached. 
 This research had some shortcomings, further research which would provide more 
accurate results as well a better understanding on how certain policies would affect 
particular stakeholder groups is recommended. These shortcomings are also opportunities 
for the improvement of the analysis where better criteria identification and 
operationalization would be a primary step. Quantification of criteria would additionally be 
beneficial for more accurate results where, to gather these particular data, it would require 
years of conducting broad and inclusive research and analysis on each stakeholder group 
and on each newly defined criteria. Nevertheless, this thesis incorporated decision aid 
methods, such as AHP and PROMETHEE II to examine how different EU policies would 
affect the identified stakeholders in the biofuels supply chain and prove that for complex 
decisions their use is beneficial and significant for the decision maker. Moreover, this 
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research proved that production of biofuels is a complex system, with many positive and 
negative effects. EU member states are now left to mitigate these negative effects and 
externalities and prove that biofuels can be seen as a sustainable energy source and a long 
term replacement for fossil fuels.  
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APPENDIX 1 

Table 14. Progress in the use of biofuels in the member states, 2003-2005 
Source: Biofuels Progress Report, 2007 

Member State Biofuels share 
2003 (%) 

Biofuels share 
2004 (%) 

Biofuels share 
2005 (%) 

National 
indicative target 

2005 (%) 
Austria 0.06 0.06 0.93 2.50 
Belgium 0.00 0.00 0.00 2.00 
Cyprus 0.00 0.00 0.00 1.00 
Czech Republic 1.09 1.00 0.05 3.70 
Denmark 0.00 0.00 No data 0.10 
Estonia 0.00 0.00 0.00 2.00 
Finland 0.11 0.11 No data 0.10 
France 0.67 0.67 0.97 2.00 
Germany 1.21 1.72 3.75 2.00 
Greece 0.00 0.00 No data 0.70 
Hungary 0.00 0.00 0.07 0.60 
Ireland 0.00 0.00 0.05 0.06 
Italy 0.50 0.50 0.51 1.00 
Latvia 0.22 0.07 0.33 2.00 
Lithuania 0.00 0.02 0.72 2.00 
Luxemburg 0.00 0.02 0.02 0.00 
Malta 0.02 0.10 0.52 0.30 
The Netherlands 0.03 0.01 0.02 2.00 
Poland 0.49 0.30 0.48 0.50 
Portugal 0.00 0.00 0.00 2.00 
Slovakia 0.14 0.15 No data 2.00 
Slovenia 0.00 0.06 0.35 0.65 
Spain 0.35 0.38 0.44 2.00 
Sweden 1.32 2.28 2.23 3.00 
United Kingdom 0.026 0.04 0.18 0.19 
EU 25 0.5% 0.7% 1.0% (estimate) 1.4% 
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APPENDIX 2 

Table 15. National indicative targets for the share of biofuels, 2006-2010 
Source: Biofuels Progress Report, 2007 

Member State 2006 2007 2008 2009 2010 
Austria 2.50 4.30 5.75 5.75 5.75 
Belgium 2.75 3.50 4.25 5.00 5.75 
Cyprus      
Czech Republic 1.78 1.63 2.45 2.71 3.27 
Denmark 0.10     
Estonia 2.00    5.75 
Finland      
France   5.75  7.00 
Germany 2.00    5.75 
Greece 2.50 3.00 4.00 5.00 5.75 
Hungary     5.75 
Ireland 1.14 1.75 2.24   
Italy 2.00 2.00 3.00 4.00 5.00 
Latvia 2.75 3.50 4.25 5.00 5.75 
Lithuania     5.75 
Luxemburg 2.75    5.75 
Malta      
The Netherlands 2.00 2.00   5.75 
Poland 1.50 2.30   5.75 
Portugal 2.00 3.00 5.75 5.75 5.75 
Slovakia 2.50 3.20 4.00 4.90 5.75 
Slovenia 1.20 2.00 3.00 4.00 5.00 
Spain      
Sweden     5.75 
United Kingdom   2.00 2.80 3.50 
EU 25     5.45 
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Table 16. Weight calculation for biofuel producers using AHP method 

Pairwise comparison Production 
capacity 

Realistic 
profit margin 

Greenhouse 
gas balance 

Investment 
costs 

Production capacity 1.00 0.50 2.00 3.00 
Realistic profit margin 2.00 1.00 6.00 6.00 
Greenhouse gas savings 0.50 0.17 1.00 2.00 
Investment costs 0.33 0.17 0.50 1.00 
Sum:  3.83 1.83 9.50 12.00 

 
Standardize matrix         Weight % 
Production capacity 0.261 0.272 0.211 0.25 0.248 24.85 
Realistic profit margin 0.522 0.545 0.631 0.5 0.549 54.98 
Greenhouse gas savings 0.13 0.091 0.105 0.167 0.123 12.33 
Investment costs 0.0868 0.090 0.052 0.083 0.078 7.82 

 
Table 17. Consistency ratio calculation for biofuel producers 

ℷ max 4.046 
CI 0.015 
CR 0.02 
RI 0.9 

 
 
Table 18. Weight calculation for fuel distributors using AHP method 

Pairwise comparison 
Transparent EU 
legislations 

Existing 
logistics 

Availability of 
biofuels 

Transparent EU 
legislations 1.00 0.25 0.14 
Existing logistics 4.00 1.00 0.33 
Availability of biofuels 7.00 3.00 1.00 
Sum:  12.00 4.25 1.47 

 
Standardize matrix 

   
Weight % 

Transparent EU 
legislations 0.083 0.058 0.095 0.079 7.91 
Existing logistics 0.333 0.235 0.224 0.264 26.43 
Availability of biofuels 0.583 0.716 0.680 0.656 65.64 

 
Table 19. Consistency ratio calculation for fuel distributors 

ℷ max 3.031 
CI 0.016 
CR 0.03 
RI 0.58 
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Table 20. Weight calculation for end users using AHP method 

Pairwise comparison Total cost of 
ownership 

Technical 
compatibility 

Availability of 
fuel and vehicles Green image 

Total cost of ownership 1.00 0.50 2.00 6.00 
Technical compatibility 2.00 1.00 1.00 6.00 
Availability of fuel and 
vehicles 0.50 1.00 1.00 4.00 
Green image 0.17 0.17 0.25 1.00 
Sum:  3.67 2.67 4.25 17.00 

       Standardize matrix       
 

Weight % 
Total cost of ownership 0.272 0.187 0.471 0.352 0.321 32.08 
Technical compatibility 0.544 0.374 0.235 0.352 0.376 37.69 
Availability of fuel and 
vehicles 0.136 0.374 0.235 0.235 0.245 24.53 
Green image 0.046 0.063 0.058 0.058 0.056 5.69 

 
Table 21. Consistency ratio calculation for end users 

ℷ max 4.170 
CI 0.057 
CR 0.06 
RI 0.9 

 
 
Table 22. Weight calculation for vehicle manufacturers using AHP method 

Pairwise comparison Market 
demand 

Transparent EU 
legislations 

Green 
image 

Market demand 1.00 4.00 8.00 
Transparent EU 
legislations 0.25 1.00 4.00 
Green image 0.12 0.25 1.00 
Sum:  1.37 5.25 13.00 

 
Standardize matrix       Weight % 
Market demand 0.729 0.761 0.615 0.702 70.24 
Transparent EU 
legislations 0.182 0.190 0.307 0.226 22.69 
Green image 0.087 0.047 0.076 0.071 7.07 

 
Table 23. Consistency ratio calculation for vehicle manufacturers 

ℷ max 3.054 
CI 0.027 
CR 0.05 
RI 0.58 
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Table 24. Weight calculation for EU Commission using AHP method 

Pairwise comparison Impact on EU 
budget 

Reaching 2020 
renewable 

energy target 

Greenhouse 
gas balance 

Reduction 
of oil 

dependency 
Impact on EU budget 1.00 0.50 0.50 0.33 
Reaching 2020 
renewable energy target 2.00 1.00 0.50 0.25 
Greenhouse gas savings 2.00 2.00 1.00 0.25 
Reduction of oil 
dependency 3.00 4.00 4.00 1.00 
Sum: 8.00 7.50 6.00 1.83 

 
Standardize matrix         Weight % 
Impact on EU budget 0.125 0.066 0.083 0.180 0.114 11.38 
Reaching 2020 
renewable energy target 0.25 0.133 0.083 0.136 0.151 15.08 
Greenhouse gas savings 0.25 0.266 0.167 0.136 0.205 20.49 
Reduction of oil 
dependency 0.375 0.533 0.666 0.546 0.53 53.03 

 
Table 25. Consistency ratio calculation for EU Commission 

ℷ max 4.183 
CI 0.061 
CR 0.07 
RI 0.9 

 
 
Table 26. Weight calculation for NGOs using AHP method 

Pairwise 
comparison 

Impact on 
food prices 

Fair prices 
for farmers 

Environmental 
impact of the 
biofuel production 

Impact on food prices 1.00 3.00 0.25 
Fair prices for 
farmers 0.33 1.00 0.17 
Environmental 
impact of the biofuel 
production 4.00 6.00 1.00 
Sum:  5.33 10.00 1.42 

 
Standardize matrix       Weight % 
Impact on food prices 0.187 0.3 0.176 0.221 22.12 
Fair prices for 
farmers 0.061 0.1 0.119 0.093 9.38 
Environmental 
impact of the biofuel 
production 0.75 0.6 0.704 0.684 68.48 

 
Table 27. Consistency ratio calculation for NGOs 

ℷ max 3.057 
CI 0.029 
CR 0.05 
RI 0.58 
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