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Assessment of biofuels production in Colombia
Ramón Fernando Colmenares-Quintero1*, Camilo José Rico-Cruz2, Kim E. Stansfield3 and
Juan Carlos Colmenares-Quintero3

Abstract: Different efforts have been carried out in the last years in order to find
some alternatives for fossil fuels. Biofuels have been considered as one of the
possible substitutes for fossil fuels because the majority of vehicles and co-
generation systems can use them without any modification and produce fewer
emissions. Additionally, some developing countries are presented as a good location
for biofuels production due to their weather, economic and social conditions. The
methodology used in this study is as follows: firstly, the current drivers and barriers
that affect the production of biofuels in Colombia were identified in the available
literature. The results showed Colombia presents some special conditions for the
production of biofuels that allow it to generate a competitive advantage compared
to other countries. However, some barriers can affect the adoption and production
of biofuels in the country. Secondly, a survey was realised to biofuel producers,
suppliers and researchers in order to validate their motivations and perceptions.
Some similitudes and differences with regard to the literature were found in the
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surveys. Hence, this information allowed the authors to understand the reality of
biofuels in Colombia from the views of the stakeholders. Additionally, a set of
policies were analysed. The authors believe that this set of policies will help stake-
holders to have a better production of biofuels in Colombia.

Subjects: Industrial Engineering & Manufacturing; Mechanical Engineering; Manufacturing
Engineering; Power & Energy; ProductionEngineering; Chemical Engineering

Keywords: Biofuels; stakeholders; energy trilemma; policies; drivers and barriers;
sustainable development goals

1. Introduction
Bioenergy, i.e. biofuels, will play an important role in the next years. Today, the different types of
biofuels represent 3% of the total road transport fuel around the world, and it is predicted that by
the end of 2050, biofuels will represent 27% of the total transport fuel (International Energy
Agency, 2011). Therefore, many countries in European Union (EU) and some developing countries
have started to promote this kind of energy in order to achieve some competitive advantage over
other countries. Moreover, countries that start with the production of biofuels will have less
dependency on fossil fuels (Koh & Ghazoul, 2008; Ryan et al., 2006). However, some barriers and
challenges need to be addressed in order to get a viable implementation of biofuels. Economic,
social, political, and environmental aspects can support or affect the production of biofuels
(Gunningham, 2013). The different barriers that need to be addressed are known as the energy
trilemma in energy transitions projects (Stansfield et al., 2016).

The transitions to renewable energies such as biofuels require strong involvement of the different
actors to achieve a sustainable adoption that benefits the different stakeholders who have to
manage new challenges in political, social, and economic areas (Gunningham, 2013; Stansfield
et al., 2016). Figure 1 shows a trilemma model for the case of biofuels where it is necessary to find
a balance between the different areas to reach a sustainable implementation of biofuels.

The first aspect is related to the food threat (Gunningham, 2013; Tilman et al., 2009). The
demand for food is increasing due to the rise in the population (Turcksin et al., 2011). However,
the use of land and workforce for biofuel production can increase the price of food generating
inequity and social injustice. Then, it is necessary to find a way to mitigate the impact on food
prices.

The second corner is the environment (Gunningham, 2013; Tilman et al., 2009). Biofuels are
presented as the best alternative to avoid the dependency of oil production. Moreover, they have

Figure 1. Energy trilemma for
biofuels. Source: Authors’ own.
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the facility of being a 100% substitute for fossil fuels or can be blended with a percentage of
traditional fuels. In addition, biofuels have environmental benefits; they can reduce the levels of
carbon dioxide emissions and therefore they can improve the air quality (Woods et al., 2006).
Nevertheless, a non-professional production can generate a high consumption of water, and it can
cause erosion in the process to harvest feedstock for biofuels.

Finally, the third corner is energy security (Tilman et al., 2009). The implementation of new
energies should be easy to access by final users (Gunningham, 2013). Thus, there should be an
affordable price that allows supplying the energy needs of the citizens. For that reason, biofuels
must become economically competitive regarding gasoline to be considered as a reasonable
alternative.

Rather than solving all the problems of the trilemma, it is important to manage the complexity
that is generated in order to create a balance between production and implementation of biofuels
leading to benefits for the key players. As a result, it is crucial to analyse the interest, policies of
each of the stakeholder group due to they will have different interests related to the economic,
environmental and social aspect of bioenergy projects (Röder, 2016; Schillo et al., 2017), and their
differences can affect the success of biofuel projects.

Therefore, it is crucial to examine the viability of the biofuel production in Colombia. It is
important to evaluate many aspects to reach the feasibility of the business considering the cost
associated with the production of biofuels because it must be not only sustainable in terms of
environmental and social benefits but also in economic aspects. In addition, it is essential to
analyse the perceptions of the stakeholders as their interest and attitudes are critical for the
biofuel production chain (Mohr & Raman, 2013).

2. Literature review
Currently, Colombia produces two types of biofuels: bioethanol and biodiesel. At the same time,
Colombia places its production in two types of feedstock: sugar cane and palm oil. Regarding capacity
in Colombia, 1.1 million litres of bioethanol per day and 1.7 million litres of biodiesel per day are being
produced. It is estimated that biofuels are generating nearly 25,000 direct jobs and 48,000 indirect
jobs (Federación Nacional de Biocombustibles de Colombia, 2017a, 2017b) which is a key factor in
order to promote and continue with the development of biofuels in Colombia.

In 2015, Colombia produced 456 million litres of bioethanol and as is shown in Table 1, this value
has increased in the last eight years and it is expected that in the next five years the production of
bioethanol in Colombia continues growing to satisfy the local demand.

As shown in Table 2, there are eight bioethanol plants in Colombia, which are producing nearly
2 million of litres of bioethanol per day. One of the main benefits that permit to reduce the price of
bioethanol and facilitate the logistic and supply chain of biofuels is the location of the harvesting
crops. The majority of feedstock suppliers are located in the states of Cauca and Cauca Valley close
to the refineries of bioethanol (Federación Nacional de Biocombustibles de Colombia, 2017a;
Ministry of Mines and Energy & Inter-American Development Bank, 2010). This generates

Table 1. Production of bioethanol in Colombia in the last eight years. Source: (Federación
Nacional de Biocombustibles de Colombia, 2017a)

Indicator 2008 2009 2010 2011 2012 2013 2014 2015 2016

Harvested Area
(ha)

5,664 208,254 218,311 223,905 227,748 225,560 230,303 232,070 238,204

Ethanol Production
(millions of liters)

55,8 327,7 291,28 337,39 369,72 387,85 406,46 456,4 434,43
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a competitive advantage compared to other cases where the logistics and transportation of the
raw material increase the final cost of biofuels.

In addition, Colombia has one the best average yield of sugar cane production as presented in Figure 2.
The locations are themain reasons that permit to generate a good yield in Colombia because the tropical
and equatorial weather produce better fertile soil conditions, which improve the harvesting yield.

There are many benefits related to a good yield in the production of biofuels. A better yield
means that the farmer will have the possibility to get more sugar cane crops on less land, bringing
benefits not only to the farmers but also to the industry because they will have more available
crops to produce bioethanol reducing the price of the raw material.

Another factor that it is important to analyse is the price of bioethanol and how it has fluctuated
in the past years. As shown in Figure 3, the prices of bioethanol have changed in the last 8 years.
These prices have changed due to different factors such as the availability of raw material and the
increase of the demand (Tao & Aden, 2009). Furthermore, it can be seen that the price of gasoline,
ethanol and bioethanol are very similar; therefore, the industry of biofuels in Colombia has a big
challenge related to the cost of production of bioethanol.

Table 2. Bioethanol plants in Colombia. Source: (Federación Nacional de Biocombustibles de
Colombia, 2017a)

Ethanol Plants (State) Capacity (l/day)

Incauca (Cauca) 350,000

Riopaila-Castilla (Valle del Cauca) 400,000

Ingenio Risaralda (Risaralda) 100,000

Caldas (Caldas) No information

Bioeneergy (Meta) 320,000

Ingenio Providencia (Valle del Cauca) 300,000

Ingenio Mayaguez (Valle del Cauca) 250,000

Ingenio Manuelita (Valle del Cauca) 250,000

Total 1,970,000

Figure 2. Average yield of
sugarcane in some countries.
Source: (Ministry of mines and
energy & inter-American devel-
opment bank, 2010).
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Even though the use of the bioethanol brings additional benefits compared to the gasoline, it is
important to have an economic benefit to promote the adoption of this kind of biofuel. The main
reason for the increase in the price of ethanol compared to the last three years is related to the
price of raw material because the production of sugar cane has increased in the past years in
Colombia that has affected the price of bioethanol in the country. Moreover, a reduction in the
production of sugar cane due to weather conditions has increased the price of the raw material
affecting the final price of bioethanol (Colprensa, 2017).

On the other hand, in the year 2016, Colombia produced 447,768 tons of biodiesel. As observed
in Table 3, Colombia has tripled the production of biodiesel in the last eight years; the increase in
the production has been related to the rising amount of new plants in the last years.

Colombia has 12 biodiesels plants (please refer to Table 4), 5 of them started to operate after
2010, which helped to increase the production of biodiesel to satisfy the local demand.

Similar to the yield in the production of sugar cane, the yield of the oil palm is better compared
to the other producer countries (see Figure 4). As mentioned before, a better yield permits to get
more amount of oil palm using fewer resources and less land that can help to mitigate the
problem related to the land availability (Harvey & Pilgrim, 2011).

Figure 3. Ethanol prices in the
past seven years. Source:
(Federación Nacional de
Biocombustibles de Colombia,
2017c).

Table 3. Annual production of biodiesel in Colombia since 2008. Source: (Federación Nacional de
Biocombustibles de Colombia, 2017b)

Indicator 2008 2009 2010 2011 2012 2013 2014 2015 2016
Harvested
Area (ha)

337,038 360,620 404,104 427,368 452,435 446,376 450,131 466,185 512,076

Biodiesel
Production
(millions of
liters)

22,730 163,077 337,713 443,037 489,990 503,337 518,093 513,354 447,768
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As presented in Figure 5, the price of biodiesel is higher than the price of diesel. This represents
a problem now to incentive the consumption of biodiesel as the customer would prefer to choose
the diesel due to its lower price. However, the price of blend biodiesel-diesel is economically
competitive compared to the diesel. Therefore, it can mitigate the impact of the price of biodiesel.

In Colombia, the distribution of a blend biodiesel-diesel is mandatory for that reason the
distribution and selling of this biofuel are compulsory without considering the price of it.
However, it is important to start to reduce the price of the raw material and the price of the

Table 4. Biodiesel plants in Colombia. Source: (Federación Nacional de Biocombustibles de
Colombia, 2017b)

Biodiesel Plants (City) Capacity (T/day)

Norte (Santa Marta) 170,000

Norte (Codazzi) 60,000

Norte (Barranquilla) 10,000

Norte (Galapa) 10,000

Norte (Santa Marta) 36,000

Oriental (Facatativa) 200,000

Oriental (Barrancabermeja) 120,000

Oriental (San Carlos de Guaroa) 120,000

Oriental (Castilla La Grande) 15,000

Oriental (San Carlos de Guaroa) 70,000

Central (Barrancabermeja) 40,000

Norte (Santa Marta) 70,000

Total 921,000

Figure 4. Average yield of oil
palm production. Source:
(Ministry of Mines and Energy &
Inter-American Development
Bank, 2010).

Table 5. Number of jobs related to the production of bioethanol. Source: (Federación Nacional
de Biocombustibles de Colombia, 2017a)

State Direct jobs Indirect jobs
Cauca 987 27,636

Valle del Cauca 2,121 59,389

Risaralda 476 13,328

Total 3,584 100,353

Colmenares-Quintero et al., Cogent Engineering (2020), 7: 1740041
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production of biodiesel to compete in other markets and other scenarios. It is essential to have
a low-cost production of biodiesel to start the process of exportation or in case that the govern-
ment decide to finish with the mandatory blended policies.

Several studies have researched the main barriers and limitations now to start and expand
biofuels projects in different countries. One of the main limitation and barriers that is mentioned as
a critical to get a viable and successfully biofuel project is the cost of transportation and logistics of
raw material to the bioenergy plants (Upreti, 2004). Currently, the majority of the harvesting zones
are located close to the refinery plants reducing the logistics and transportation costs. In addition,
the time of delivery of the raw material is reduced. However, the potential harvesting zones for
future development will be located in other states, which can increase the cost of transportation
and time of delivery.

Another barrier that has been studied is the production capacity (Piterou et al., 2008). The
demand for biofuels has increased in the last years (Sorda et al., 2010) and it is expected that
the demand for biofuels will increase in the next years (Ministry of Mines and Energy & Inter-
American Development Bank, 2010). Even though Colombia has potential land to start with the
expansion to increase the availability of feedstock, there are no real plans to carry out this
expansion; for that reason, the industry has started to import feedstock to produce biofuels
(Economia, 2017).

On the other hand, there are no plans to launch an expansion of new refineries of biodiesel and
of bioethanol (Agropecuaria, 2016) and it can increase the uncertainty about the availability of
biofuels in Colombia.

Another critical barrier that can affect the success of biofuels projects is related to the prices of
biofuels. The price of diesel is not competitive with the price of biodiesel. The final cost of biodiesel
is near 40% more expensive than the price of diesel (Federación Nacional de Biocombustibles de
Colombia, 2017d) demotivating the adoption of this kind of fuel. Therefore, it is important that the

Figure 5. Biodiesel prices in the
past seven years. Source:
(Federación Nacional de
Biocombustibles de Colombia,
2017d).
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stakeholders involved in the production of biodiesel try to reduce the cost of production to get
a competitive price.

In the literature, many drivers have been analysed in order to promote biofuels projects. The
majority of these drivers were located in Europe and Asian countries. However, some of the drivers
discovered in those countries can be applied to Colombia scenario.

One of the drivers and opportunities that can be applied to Colombia is related to the land
availability. There are more than 7 million ha available for harvesting oil palm and sugar cane
(Ministry of Mines and Energy & Inter-American Development Bank, 2010). Moreover, the use of this
land does not affect the harvest of food crops that reduce risks and uncertainty about the prices of the
food. Therefore, the available land in Colombia will permit to increase the production of biofuels to
reach the future demand avoiding the competition with the crops for human consumption.

Another driver that has allowed an increase in the production of biofuels is the policies and
governmental regulations. The different policies implemented by the Colombian government to
increase the demand for biofuel have led the country to be the second largest producer of biofuels
in Latin America region and is the top 15 countries around the world. Therefore, the right
implementation of governmental policies can motivate the different stakeholders to raise the
participation in those kinds of projects.

In addition, technology and know-how are fundamental drivers that permit an acceleration and
a more sustainable production of biofuels (Simonin, 1999). Colombia has produced oil palm and
sugar cane since the 50 s, and the production has become more technical and industrialised since
then (Ministry of Mines and Energy & Inter-American Development Bank, 2010). Therefore, the
technology that Colombia has developed allows generating a more viable production reducing the
cost associated with it. Furthermore, the people involved in the different phases of the supply
chain have improved their knowledge leading to a more qualified production that allows compet-
ing in any international market.

One of the main opportunities that motivate the stakeholders to participate in biofuels project is
the opportunity to create new jobs in all the phases of the supply chain (Panoutsou, 2008). For
instance, the production of bioethanol has created more than 100,000 jobs in different phases of
the supply chain as seen in Table 5 while the production of biodiesel (refer to Table 6), nearly
90,000 direct and indirect jobs have been created in different states.

Finally, weather and soil conditions are considered another driver for Colombia context. Due to
the location and weather conditions, in the Cauca Valley and Magdalena region, the yield is higher
if compared to other countries (Ministry of Mines and Energy & Inter-American Development Bank,
2010). Hence, the farmers will use less land and fewer resources to get more sugar cane and oil

Table 6. Number of jobs related to the production of biodiesel. Source: (Federación Nacional de
Biocombustibles de Colombia, 2017b)

State Direct jobs Indirect jobs
Meta 9,268 18,537

Magdalena 5,681 11,362

Santander 5,512 11,024

Cesar 2,506 5,013

Cundinamarca 5,259 10,517

Atlántico 836 1,670

Total 29,062 58,123

Colmenares-Quintero et al., Cogent Engineering (2020), 7: 1740041
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palm, which reduce the price of the raw material and consequently reduce the final price of the
biofuels.

The drivers and barriers can affect one or all the actors that participate in the production of
biofuels; therefore, it is important to recognise the different stakeholders that participate in
biofuels projects. Table 7 shows a list of stakeholders that have been referred by different authors.
Industry and biofuel suppliers as the internal stakeholders and researchers and government as
external stakeholders have been recognised as the most critical in order to get successful biofuel
implementation projects.

Communities or farmers are in the first phase of the supply chain as presented in Figure 6.
Therefore, their influence is critical to the success of biofuels projects because they are in
charge to provide the necessary feedstock for the production of biofuels (Gold, 2011). In the
economic aspect, the main concern is related to the profit of the crops (Turcksin et al., 2011),
then the biofuel feedstock must be economically viable compared to other kinds of crops
leading the suppliers to be considered critical to the success of any project (Henriques &
Sadorsky, 1999).

The biofuel producers are in the second place of the supply chain. Similar to the biomass
suppliers their main concern is to generate a consistent profit to cover their investment costs to
achieve an economically viable biofuel project (Mayfield et al., 2007).

To generate a margin profit, the final production cost should be less expensive than the
production cost of fossil fuels. However, when the production cost of biofuel is more expensive,
some strategies such as taxes reduction and governmental incentives can compensate the final

Table 7. Classification of stakeholders by different authors. Source: Authors’ own

Stakeholders Authors
Biofuel suppliers Darshini et al., 2013; Elghali et al., 2007; Mayfield et al.,

2007.

Biofuel producers Elghali et al., 2007; Darshini et al., 2013; Chanthawong
& Dhakal, 2016; Kumar et al., 2006; Mayfield et al.,
2007.

Researchers Mayfield et al., 2007; Puy et al., 2008; Woods et al.,
2006; Darshini et al., 2013.

Society & consumers Kumar et al., 2006; Mayfield et al., 2007; Elghali et al.,
2007a.

Government Puy et al., 2008; Woods et al., 2006.

Figure 6. Biofuel supply chain
with external stakeholders.
Source: (Schillo et al., 2017).
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production cost (Elghali et al., 2007). In summary, the producers play a strategic role as the
capacity to satisfy the demand depends on them and the final biofuel price is set up based on
the process and technology used by biofuel producers.

Researchers in the natural and social sciences play central roles in the creation of tech-
nologies and strategies required for successful introduction of new projects (Woods et al.,
2006). For example, researchers can contribute to the development of new species and
cultivation methods to improve the biofuel feedstock. Moreover, they can generate a new
and better conversion technology to enhance and reduce the cost of producing biofuels
(Woods et al., 2006).

Rather than focusing on the economic aspects of biofuels projects, a key point is the environ-
mental aspects of biofuels (Puy et al., 2008). Their main driver for the time being to participate in
biofuel is the environmental benefits of this technology. Hence, these aspects need to interact with
the majority of stakeholders involve in the process of biofuel production.

Government with the support of researchers are in charge of the legal and policy frameworks
to motivate the consumption of biofuels (Holm-Nielsen & Ehimen, 2016). Moreover, their deci-
sions and policies can incentive the production of the feedstock and of biofuels (Woods et al.,
2006). For that reason, the involvement of government is critical and vital to incentive the
adoption of biofuels in any country.

The support of the government has been analysed in many renewable projects. In the UK, the
government has been pointed out as the leading actor for the deployment of biofuels projects
(Evans & Newton-Cross, 2016). Therefore, the outcome of these types of projects can generate
a positive or negative impact according to the regulation and control of the government (Puy
et al., 2008).

A limited attention from the government to these new projects can generate a slow
deployment of biofuel decreasing the involvement and participation of stakeholders (Elghali
et al., 2007). The government should support the private sector through a creation of a set of
planning decisions and governmental policies, which can lead to best practices so that the
financial and social risks will be mitigated (Puy et al., 2008). Consequently, the government
should create a legal and policy system to support farmers in the production of feedstock
through the creation of an agricultural policy that allows the development of rural zones
(George, 2016). Additionally, the support of the government is essential to achieve the targets
of biofuel production (Puy et al., 2008). Therefore, it can be said that the decisions and
participation of the government are critical to the success of these kinds of projects and
for that reason, people perceive government as one of the most influential stakeholders at
the moment to lead the development of new technologies (Evans & Newton-Cross, 2016).

Figure 6 shows other stakeholders that can play a role in the deployment of biofuels. NGOs and
end users are the most studied in the literature (Reed, 2008). Final consumers as in the majority of
biofuel projects are essential to increase the deployment of biofuels (Kumar et al., 2006).
Customers are directly related to the demand for biofuels; their attitude towards it can increase
or decrease the production of biofuels. Hence, the perceptions of consumers can generate resis-
tance towards the deployment of biofuels. The price of biofuels should be competitive if compared
to the price of fossil fuels to attract the final consumers. Then, it is important that users are aware
of the benefits of biofuels leading to a higher adoption of them. Thus, to increase the acceptance
of biofuels by the society, they should understand the importance of environmental benefits in the
long term.
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3. Experimental setup description and results

3.1. Description of the experimental setup
To know the perceptions of different stakeholders, some questionnaires were used. The design of
these questionnaires was based on a qualitative approach to have the possibility of hearing the
opinion of the actors related to biofuels in Colombia.

The design of the questionnaires was based on the opportunities and barriers that the
stakeholders face to implement biofuel projects. The opinion of the stakeholders is critical in
order to get a viable project of biofuels. In these sorts of projects, many stakeholders arise
(Darshini et al., 2013). However, for this research, three critical stakeholders were evaluated,
and the surveys were designed for these three group of people. Researchers, communities and
industry representatives are considered the most important stakeholders because they have
a direct influence in the process and implementation of biofuels. Moreover, their perceptions
can have a direct influence on the viability of these projects (Darmaki & Rashed, 2015; Darshini
et al., 2013).

The questions were set up based on the needs of the stakeholders (i.e. their views, advantages,
and disadvantages that were identified in the literature for every group of stakeholders). In that
way, the participants of the questionnaires were asked to evaluate the importance of different
benefits and barriers. In addition, they were asked about the governmental policies and the future
scenarios in order to comprehend the feasibility of those projects in Colombia.

At the end, 37 stakeholders replied the survey, 75% of the respondents held positions in the
academic and research sector, while the rest 25% of the respondents were distributed between
producers of oil palm and sugar cane and producers of bioethanol and biodiesel.

A single choice of method collection is not enough because it is necessary to validate the data
obtained from questionnaires. For that reason, literature review was chosen as the second source
of data collection. To investigate the barriers and identify the advantages and opportunities of
biofuels projects were necessary to review different articles and studies that mention the advan-
tages and disadvantages of biofuels projects in other countries around the world.

The review of the information available in the public domain allows a deep understating of the
actual situation supporting the primary data collection method based on questionnaires.

3.2. Results
The results show that economic benefits are one of the most important aspects that motivate the
participation of producers and suppliers in biofuel projects as is depicted in Figure 7. Therefore, it is
important that stakeholders can generate profit when they are participating in biofuel projects as
without an economic incentive, the participation of the stakeholders will decrease.

In addition, the environmental benefits were mentioned as another key driver, especially for
researchers that have participated in biofuels projects. The difference about the primary factor of
motivation between researchers and producers/suppliers can be explained as the researchers´
participation in these projects is not driven by a finance motivation. Their primary goal is to
generate a right knowledge that benefits the majority of the population. For example, the avail-
ability of land for harvesting crops and consequently availability of feedstock for current and future
demand. Those two factors allow a sustainable production and reduce the risk due to non-
availability of supply material.

Another observation is that the independence between the demand of biofuels and the prices of
fossil fuels for the case of Colombia is considered another strength. The demand for biofuels in
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Colombia has a stable behaviour regardless external factors, which can be attractive for the
producers and suppliers that are involved in the production of biofuels.

The expertise and know-how to produce biofuels in the country were considered a strength,
which represents more than 20 years (refer to Figures 8 and 9). Regarding the weaknesses, the
cost of feedstock will have a higher impact as it contributes to 50-70% of the final price of biofuels
(Holm-Nielsen & Ehimen, 2016). In addition, Figure 8 displays the different policies that can help to

Figure 7. Most important moti-
vators to take part in biofuels
projects. Source: Authors’ own.

Figure 8. Framework of biofuel
production in Colombia. Source:
Authors´ own.
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alleviate the impact of the weaknesses, for example, the implementation of subsidies can be an
ideal policy to mitigate the economic impact of the costs of feedstock and refinery process.

The lack of expertise and know-how of suppliers can be solved with the implementation of
training policies to allow to the different suppliers generate a sustainable and more efficient
production of sugar cane or oil palm. Moreover, better training for the production of the raw
material can reduce the price of the feedstock and generate a more efficient production of
feedstock. For that reason, at this point, it is essential the participation of government, researchers
and suppliers to create a unified knowledge that produce benefit for the participants of those
projects. Another critical point to be considered is the relationship between stakeholders as a poor
interaction and communication between them can lead to an adverse outcome in biofuel projects .

3.3. Results analysis
The results confirm that Colombia presents a competitive advantage compared to other countries.
The availability of land and feedstock can generate a benefit for future scenarios when the
demand for biofuels tend to increase (Castiblanco et al., 2015). Some studies have shown that
the use of feedstock for biofuel purpose can increase the price of food for human consumption
(Röder, 2016; Zilberman et al., 2013). Nevertheless, the availability of land in Colombia will allow
decreasing the threat with regard to this issue. In that way, the availability of land and feedstock
will help to deal with the first corner of the energy trilemma related to the food price
(Gunningham, 2013; Tilman et al., 2009). For that reason, Colombia should continue investing in
those types of projects as it has the needed resources to become a leading producer country of
biofuels without generating impact on the prices of food.

The majority of stakeholders perceive that the demand has not decreased in the last months.
The results showed that in Colombia there is no relationship between the demand for biofuels and
the oil and gas prices. This phenomenon can be explained by the adoption of some policies in the
country related to the mandatory distribution of biofuels (Balat, 2007). Therefore, it is vital the

Figure 9. Strengths and weak-
nesses: stakeholders’ percep-
tions. Source: Author s’ own.
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implementation of these types of policies to keep a constant demand for biofuel regardless of the
external variables leading to better economic benefits for the different stakeholders.

One of the benefits of Colombia related to the production of biofuels is the location of the
harvesting zone (Ministry of Mines and Energy & Inter-American Development Bank, 2010). The
majority of the sites are close to the refineries and production plants, which represent
a competitive advantage compared to other countries. Nonetheless, the different stakeholders
expressed their concerns about the location of the harvesting zones, especially for a future expansion.

One issue that was highlighted by some of the stakeholders is related to the social conflicts in
some harvesting locations in Colombia. Communities and industry have to deal with illegal groups
in those zones. Therefore, it is important that the different stakeholders pay attention to the
additional factors that are unknown or with low importance in other countries when they start
with the expansion of land for future production of biofuels.

To deal with the weaknesses, there is an agreement with the existing knowledge (Koizumi & Ohga,
2007; Sorda et al., 2010). This research showed the importance of the policies to motivate and
increase the adoption of biofuels in the country. The implementation of R&D and training programs
has not been widely discussed in the literature (Sorda et al., 2010). Nevertheless, the questionnaires
revealed the importance of this policy to create a better knowledge among the biofuel suppliers.
A proper implementation of R&D and training programs help to generate a more sustainable produc-
tion of feedstock. Hence, the support of researchers to avoid the erosion and a negative impact in the
ecosystem will allow creating a friendlier environmental production of sugar cane and oil palm
(second corner of the energy trilemma related to environmental problems) (Tilman et al., 2009).

The third corner of the energy trilemma is energy security (Gunningham, 2013; Tilman et al., 2009).
The price of biofuels should be economically accessible to the citizens. The price of bioethanol in
Colombia is 5% higher compared to gasoline (Federación Nacional de Biocombustibles de Colombia,
2017d), and the price of biodiesel is 30% higher compared to the price of diesel (Federación Nacional
de Biocombustibles de Colombia, 2017d). The results showed that the cost of feedstock and the
production and refinery costs are some factors that affect the final price of biodiesel and bioethanol.
These results confirm what it is said by some authors about the 45%-80% of the cost of biofuels
depends on the cost of feedstock claim (Ewing & Msangi, 2009; Fatih Demirbas, 2009). Therefore,
stakeholders need to be aware of these costs in order to generate a viable production of biofuels. In
this aspect, the support of the government is essential (Evans & Newton-Cross, 2016; George, 2016)
as their decisions can help to mitigate the impact on the final price of biofuels. Subsidies to support
the production cost can arise as an alternative to alleviate the costs of biofuels. Furthermore, the
possibility to blend biofuels with fossil fuels could be a viable solution to decrease the final price of
biofuels without compromising the environmental benefits of biofuels.

General speaking, the results confirmed the importance of biofuel industry, suppliers, and
government as critical stakeholders to support the development of biofuel projects (Darshini
et al., 2013; Freeman, 2015). However, in Colombia, the role of the government is not widely
valued by the different stakeholders. Producers and suppliers claimed that the participation of
government is not important for the development of biofuels. However, they expressed that the
relationship with the governmental body is regular. As a result, the involvement of the government
is essential to support the deployment of new energy projects (Evans & Newton-Cross, 2016). Thus,
the different actors should pay more attention to the role of the government and the relationship
with it as the absence of the government is affecting the relationship with the different stake-
holders leading to a poor development of biofuels in Colombia.

4. Conclusions
Firstly, it was found that the availability of the land, weather and soil conditions improve the
production of biofuels in Colombia. In addition, the technology and know-how that has been
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acquired in the past 20 years and the possibility to generate new jobs are considered other types of
drivers that help to generate successful biofuels projects. Secondly, some barriers that affect the
viability of biofuels were identified. Colombia has available land for future expansion; however, this
land is far from the refinery leading to uncertainties about future logistics and transportation
costs. Additionally, the limitations of infrastructure for future demand can affect the development
of biofuels, and the cost of biofuels was considered as the main economic barrier that can
influence the adoption of biofuels in the country.

Lastly, the study pointed out the need to improve the relationship between stakeholders to avoid
a negative outcome of biofuels projects. Therefore, this framework highlighted the importance to
improve the relationship with the government, which is a critical stakeholder to promote the
production of biofuels via policies and regulations.
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