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Abstract—Biofuels have become a global interest for many private and
public investors, since, in several European countries, bioenergy is
considered a part of the energy matrix. However, South America is
entering the same path, promoting, and applying policies to produce
liquid and gaseous biofuels, so that they are developed in a more
environmentally friendly way, have a social impact, and are economically
sustainable. It could represent a strategic opportunity for the development
of the entire southern continent’s energy matrix, in addition to the fact
that biofuels can be an ally in the fight against climate change and
stimulate economic development, reducing rural poverty and promoting
more integrated and efficient agricultural systems. This work aims to
demonstrate the existence of bioenergy in South America, its state of the
art in the countries, updated information, production, use of biofuels, and
showing the policies applied throughout these years, to provide an
information base.

I. INTRODUCTION

In the middle of the 20th century, the actions adopted
against climate change began to be a fundamental focus

Bioenergy presents itself as a feasible route for the
future of energy consumption because it involves the use
of biological materials for energy purposes, converting
them into thermal energy, electricity, and transportation

regarding the environment and energy stability. Various
factors influenced the reduction of our natural resources,
being that over the last few years, their consumption has
increased exponentially. The growth of the population, the
industrial expansion, and the massive use of technology
began to be a concern worldwide due to the depletion of
oil reserves, natural resources and added environmental
deterioration, which motivated to seek new ideas in the
production of renewable energy, as well as public policies
that promote its use [1]. Since then, solar energy, hydro
energy, and bioenergy from biofuels have been viewed as
viable renewable sources and are better known in South
America, demonstrating an exponential increase in the use
of new energy sources [2].

fuels through different processes. Therefore, there are
many established bioenergy pathways technically proven,
so that the systems are commercially available [2,3].

Latin America has become one of the most propitious
and tending regions for agricultural exploitation due to the
usable spaces for said activity. In addition, the region has a
favorable climate and soils with the necessary properties
for it. Considering this context, Latin America is a
potential exporter of biofuels [4].

The discussion on biofuels focuses on the techno-
scientific aspects of energy sources production, aiming to
reform social-political aspects, generating employment and
improving economic income, conserving ecosystems, and
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reducing environmental pollution, factors that influence
decision-making in every country, especially in South
America. The scale production of biofuels requires a socio-
ecological response that is not economically efficient [5].

Biofuels come from biomass (i.e., sugar cane, wood,
agricultural waste, and urban waste), using methods and
processes such as hydrolysis, fermentation, gasification,
synthesis gas, and rapid pyrolysis to obtain diesel, ethanol,
butanol, methanol, dimethyl ether, biogas and other
chemical products. Traditionally, biomass is used for
cooking and heating. However, in recent years, this has
decreased due to efforts to reduce fuel inefficiency and
improve access to clean sources, given the negative effects
on the local air and other associated impacts [4].

On the other hand, modern bioenergy is making it
possible to provide a cleaner and more efficient fuel for the
transportation industry. Sustainable energy has become the
interest of governments around the world, because, if used
correctly, it can be an ally in the fight against hunger and
stimulate the economic development of countries,
promoting agricultural systems and reducing poverty
[5].The progress and development of renewable energy
technologies have been achieved thanks to the efficiency
of government policies. Thus, these types of actions
continue to be an important factor in overcoming
economic, technical, and institutional barriers.

The bioeconomy provides competitive advantages and
opportunities to achieve sustainable development
objectives, the great benefit for South America is its
ecosystem, a large part of the economy is subject to
agriculture. Considering the information discussed here,
this paper aims to present a panoramic view of biofuels in
South  America, while being aware of the local
development problems and the biofuel market, as well as
the internal policies and goals established by each country.

1. STATE OF THE ART

The development of the global biofuel markets since
the beginning of the 20th century prompted public policies
for the production and use of this type of renewable energy,
but, before promoting and motivating countries, these
policies were established through a combination of events,
including the use of biofuels. Therefore, they were
established with the goal of helping energy security,
reducing the greenhouse effect and reusing agricultural
residues [6].

The oil market is an important component when it
comes to biofuel, as it is the most widely used non-
renewable liquid fuel, due to its competitiveness, which
can influence the price of biofuels. The United States of
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America (USA) is one of the countries that imports oil and
understands that one of the main points on the international
energy agenda is the economic instability of oil; however,
it is one of the first countries to seek and promote
investment and research in clean energy technologies and
alternative fuel production [7].

The United States Energy Independence and Security
Act of 2007 (EISA Act) defined the Renewable Fuels
Standard (RFS2) program. This law established mandatory
standards until 2022, which dictate that fuels must achieve
at least 20% to 50% reduction of the greenhouse effect, as
well as the integration of biodiesel and cellulose into the
standard fuel production. Additionally, the Environmental
Protection Agency (EPA) establishes annual minimum
quantities for the four types of biofuels required [5].

The global production of biofuels grew exponentially
and is seen as an opportunity for developing and emerging
countries, being an alternative to guarantee internal
consumption, mitigate the effects of greenhouse gases, as
well as satisfy energy demand [8]. First-generation
biofuels are made from sugar, starch, and vegetable oil;
these materials biologically produce ethanol, propanol, and
butanol by the action of sugar, starches or cellulose,
although there is a conjecture that they cannot produce
enough biofuel without threatening food supply and
biodiversity. On the other hand, second-generation
biofuels are produced from non-food crops, including food
crop wastes. Things such as agricultural residues, wood
sawdust, and used oil are inedible products of non-food
crops [9]. The third generation focuses on more
experimental processes where the products are extracted
from algae. However, it has not been carried out on a
commercial scale.

The potential of biofuels depends on the demand for
fossil fuels that are required in transport (gasoline, CNG,
LPG, and diesel), in addition to the technological
possibility of the engines when admitting mixtures with
such fuels [10].

The European Union, in a political framework,
established the cooperation of biofuels between countries
in the 2009 Renewable Energy Directive (RED), which
decrees those renewable fuels, including liquids, must be
increased to 10% of the total used as transportation fuel by
2020, which requires fuel producers to gradually reduce
environmental pollution [11].

In 2019, the global production of liquid biofuels had a
raise of 5% to 161 billion liters, which is equivalent to 4 EJ
[12]. This is due to the increase of investments in
renewable energy over the years. The Table 1 below shows
the leading countries in renewable energy production and
capacity.
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Table 1: Leading countries in renewable energy by
production and capacity

1 2 3 4

Hydroelectric Brazil China Lao® Bhutan
capacity

Solar water  China Turkey India  Brazil
heating

capacity

Ethanol United States Brazil  China India
production

Biodiesel Indonesia  United  Brazil Germany
production States

The leading producer is the United States, with a
41% share, despite the production drops in both ethanol
and biodiesel. The producer with 26% was Brazil and,
further back, Indonesia with 4.5% followed by China,
2.9%, and Germany, 2.8%. It is worth highlighting the
participation of Brazil as the only country in South
America that competes in the leadership of renewable
energy investment.

Bioethanol is the most widely used liquid biofuel from
corn, cane sugar, and other crops. Moreover, biodiesel is
also commonly produced from vegetable oils and fats,
including waste such as used cooking oil [13]. Both
bioethanol and biodiesel form large groups of liquid
biofuels nowadays.

By the end of 2019, at least 70 countries had
conventional biofuel policies, while at least 9 countries
already had some form of advanced biofuels or policy
incentive programs before this year, and at least 24
countries had the goal of advancing biofuels, in addition to
setting a collective objective of 70% renewable electricity
by 2030 [10,14].

In Brazil, Sweden, and the United States, millions of
vehicles on the road accept a blend of up to 85% of
ethanol/gasoline [15]. Flexible fuel wvehicles run on
gasohol mixed with gasoline and anhydrous ethanol with
E100 hydrated ethanol.

The use of biogas to generate electricity and heat
increased at the end of 2019, some 132,000 biodigesters
are in operation around the world [16]. In China, there are
more than 100,000 units, followed by Europe, with around
18,000, and the United States, with 2,200 sites in all 50
states producing biogas [17].

1 Laos PDR, LAOS People's Democratic Republic.
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The production of biofuels in South America is led by
Brazil, Argentina, and Colombia, according to a study
published by the Economic Commission for Latin America
and the Caribbean (ECLAC) [5]. The Fig. 1 shows the
biofuels available in each country from bioethanol,
biodiesel, and biogas.

Fig 1: Biofuels in South America

In most of South America, there is a great acceptance
of biofuels, although some countries are still exploring the
subject, while others have been developing it for years,
which is the case of Brazil, a country that developed
technology, research, and internal policies to obtain an
alternative liquid fuel, and it turned out to be the example
for neighboring countries [18].

The regulations and decrees in recent years are
important because the political, environmental, and social
interest that are committed to the fight against climate
change is observed. Table 2 shows the most important
regulations in each country.

Table 2: Biofuel laws and regulations in South America

Country Laws and Normatives
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Ratifies Addendum to the Biodiesel
Supply Agreement for its mixture
with fossil fuels in national territo-

Argentina

Resolution
554/10

Approves project to obtain bioetha-
nol from corn and sorghum in the
country.

Biofuel Law
26,093

Bolivia Biofuel Incentives, September
2005, which establishes a series of
incentives for the incorporation of
biodiesel in the country’s produc-
tion as an additive in the use of fuel
in the national territory.

Law 3207

Regulatory framework that allows
the production, storage, transport,
marketing and mixing of additives
of vegetable origin, in order to
gradually replace the import of
additive inputs and diesel oil, safe-
guarding food and energy security
with sovereignty.

Law 1098

Brazil Imposed almost at the beginning of
Law N° 737 the 20th century, this law made the
de 1938 addiction of alcohol to gasoline

mandatory.

Law N° The obligatory nature of the mix-
8.723 de ture of anhydrous alcohol and gaso-
1993  line.

Introduces biodiesel into the Bra-
zilian energy matrix, reforms laws
9478 of 1997; 9847 of 1999 and
10636 of 2002.

Law 11.097
de 2005, que

Establishes the special registry of
producer or importer of biodiesel in
Law 11.116 the federal revenue secretariat of

de 2005 the finance ministry; modifies laws
10451 of 2002 and partially law
11,097 of 2005
Colombia Stimulates the production and
Law 939 delcommercialization of biofuels for
2004 use in diesel engines.
Expands the mandatory mix of
biofuels to 10% as of 2010 and
Decree . .
2629, f 2007establlshes that new vehicles must

be capable of consuming a mix of
at least 20%.

www.ijaers.com

Chile

Ecuador

Paraguay

Peru
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Introduces modified actions to the
General Law of Electric Services

Law 20.257 regarding the generation of energy
with non-conventional renewable
energy sources.

Bill that creates the National Fund

Law 5.238- for Research and Development of
08 .
Biofuels.
The Biofuels Consultative Council
of the Presidency of the Republic
creates, with this decree, the Na-
tional Biofuels Council with the
-I_—he EXeCU- mission of: “defining and approv-
tive Decree 5 plans, programs and projects
2332,

related to the production, manage-
December ment and commercialization of
2nd, 2004, biofuels”, according to Article 3, as

through  well as the responsibility of: "estab-
lishing policies and preferential
support mechanisms for the agri-
cultural and agro-industrial sectors,
especially small producers, and will
regulate the price of the biofuel in
question”

which was
created.

Promotion of Biofuels, which de-
clares its production, the raw mate-
rials for its manufacture, and its use
throughout the national territory of
national interest.

Law N°
2.748

It was prepared by the Technical
The Para- Committee for  Standardization
(CTN) 16 - Fuels, formed by repre-
sentatives of public institutions,
private companies, consumer asso-
ciations, and universities, in order
Paraguaya) to establish the requirements and
test methods for pure Biodiesel
(B100) that It is used in Diesel
engines.

guayan
Norm

(La Norma

16.018.05

Law for the Promotion, Investment
and Generation of Electricity with
the Use of Renewable Energies.

Law N°
1.002, 2008

It establishes the general frame-
work to promote the development
of the biofuels market on the basis
of free competition and free access
to economic activity.

Law N°
28054, Au-
gust 7th,
2003
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Uruguay Declares the national interest in the
r tion throughout th ntr
Law 17.567,p oductio . oughout the country,
of alternative, renewable fuels and
October 1st, . .
replace them with petroleum deriv-
2002 . . . .
atives, made with national material
of animal or vegetable origin.
The regulation of the production,
commercialization and use of agro-
fuels corresponding to the catego-
Law 18.195, fjeq that are defined.
November ) ) )
2007 Its main articles are: - Promotion of
the production of agro-fuels with
national raw materials. - incorpora-
tion goals
Venezuela - -

In the rest of the world, the development of biofuel
markets is comparatively smaller, depending on political
support and price trends, which generates a mixed
perspective in different countries. Table 3 shows the world
production of liquid biofuels for the years 2018 and 2019.

Table 3: World production of the main biofuels in recent

years
Fuel 2018/ billion 2019/ billion
liters liters
Bioethanol production (an- 111 112
nual)
FAME Biodiesel Production 41 47
(annual)
HVO Biodiesel Production 6 6,5
(annual)

Bioethanol represented around 59% of biofuel
production in terms of energy, FAME biodiesel 35%, and
hydrotreated oils (HVO) / Hydroprocessed fatty acids
(HEFA) 6%. Other biofuels included biomethane and a
range of advanced biofuels [19].

A Bioethanol production in South America

Biofuel production in Brazil, for example, arose almost
from the automotive industry in the 19th century. Since the
1930s, bioethanol has become a common component of
gasoline and since 1975 it has been blended with gasoline
[19]. According to the ANP (2019), approximately 45% of
the energy and 18% of the two fuels consumed in Brazil
come from renewable energy sources. In 2018, Brazil
produced approximately 33 million liters of bioethanol,
used as the only fuel in Flex vehicles (hydrated) and mixed
with gasoline (anhydrous) [20].
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The constant variations in the oil market caused
technological advances in the automotive sector during the
2000s, because of the Flex-fuel engines, which changed
the dynamics of the market, the support of the state drove
the growth of investment in the production of bioethanol.
The latest policies to maintain the price of gasoline and the
elevation of the anhydrous mixture of common gasoline
from 25% to 27% in 2015 represent a relief for domestic
markets, as the increase in gasoline will determine the
consumption of biofuels. Brazil is expected to raise its
ethanol production and consumption in the coming years,
due to the RenovaBio program, which proposes the
reduction of the intensity of emissions from the
transportation sector [21].

Bioethanol in Colombia is the product of public
policies for rural, environmental, and energy development
that have been working in recent years, which contributes
to the generation of new jobs and the diversification of the
energy sources. Thanks to government policies and private
sector investment worth 900 million dollars in 7 distilleries,
Colombia is the third-largest bioethanol-producing country
in Latin America after Brazil and Argentina [22]. Since
2005, the use of liquid biofuels has been implemented to
reduce gasoline emissions with the mixture of 10% fuel
alcohol and 90% gasoline of fossil origin in the south of
the country (E10 oxygenated gasoline) [23—25].

Peru, for its part, produces ethanol from different types
of honey through yeast fermentation, in addition to mixing
gasoline to increase octane and reduce greenhouse gas
emissions, Peru still does not extract ethanol from sugar
cane However, there is extensive experience in the
production of pharmaceutical alcohol, rectified alcohol,
rum, and huarapo. Currently, there are projects to serve the
national (Petroper() and international market (the United
States and Japan) [26]. Some agro-industrial companies on
the coast have been implemented to supply ethanol to the
international market due to the demand for the product.

Argentina, in turn, obtains bioethanol through the
biomass fermentation process, which can be mixed with
naphtha in variable quantities in its pure state as an
alternative or in the manufacture of methyl tert-butyl ether.
Currently, the production is from molasses, a by-product
of sugar, sugar cane juice with 72% and 28% of cereals,
mainly corn [27]. In 2018, the installed capacity was 950
thousand tons per year, almost 64% was saved in
greenhouse effect emissions, the highest concentration of
bioethanol production plants is due to the northeast of
Argentina [28].

In Paraguay, corn and sorghum are used as raw
material for the production of bioethanol, both, for
anhydrous alcohol (99.5 GL) and hydrated alcohol (96 GL).
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Furthermore, as a by-product of the industrial process of
crude corn oil and dry distillation, residues are obtained,
and soluble substances are used as an animal feed base
[29].

While Uruguay produces bioethanol from sweet
sorghum, sugar beet, sugar cane, and from starches such as
sorghum grain, corn, wheat, barley, cassava, the National
Administration of Fuels, Alcohol and Portland (ANCAP),
a Uruguayan public company in charge of the exploitation
and management of the national alcohol and fuel
monopoly, receives anhydrous ethanol from the ALUR SA
production plant in Paysandd, a company responsible for
the production of bioethanol, biodiesel, animal feed,
energy, and sugar, in addition to being in charge of the
distribution and mixes with gasoline in the percentages
mandated by law [26,30].

In Ecuador, gasoline contains a derivative of sugar
cane (ethanol) called, by the country, Ecopais mixed by
Petroecuador, with a composition of 95% pre-mixed
gasoline and 5% bioethanol. However, they intend to
advance with the Inen-935 normative, which establishes
gasoline for combustion engines [26,31].

Chile does not produce ethanol commercially yet.
However, research centers and universities carry out
various investigations to make the process viable. In
addition, the lignocellulosic consortium BIOENERCEL
S.A. seeks to take advantage of forest biomass to produce
bioethanol [32,33].

Bolivia produces first-generation bioethanol from
sugarcane bagasse to produce fuel with 60% ethanol, of
which other types of alcohol can be obtained, in addition to
sorghum with a minimal contribution [34]. In 2017, the
ANH (National Hydrocarbons Agency), through the
hydrocarbons ministry, approved Law 1098, where it
commits to using a mixture of anhydrous ethanol and
gasoline of 8 to 12% in 2020 [33].

B. Biodiesel production in South America

In Brazil, biodiesel production has increased by 11% in
2019, reaching 5,900 million liters [35]. It is the second
biggest producer of biodiesel in the world, according to
data from the ANP 2018 [36]. Industries in the country
respond positively to the increase in mandatory blends,
being that, in 2014, it was a 6% blend, and, in 2018, it
reached 10%, increasing production by 56.4%. The
brazilian production of biodiesel happens mostly in the
South and Center West regions of the country, and it is
mainly constituted of multinational companies that act in
various segments of the agro-industrial business, from
production to marketing [37,38].
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Biodiesel in Colombia is produced from vegetable oils
of palm, sunflower, soybean, and rapeseed, among others,
besides fats and tallow of animal origin. There are 12
companies that supply 67 palm nuclei located in the
Central, Eastern, and Southwestern areas of the country
[10]. In addition, Colombia is one of the first countries to
export biodiesel. In June 2020, it exported 4 million liters
to Germany from the Manuelita plant located in the
department of Meta, complying with the biofuel quality
standards of EN14214, which describes the requirements
and test methods for DMARDs [26,39].

Peru takes a step forward in the production of biodiesel
by obtaining an alliance with PETROPERU and the
Amazon region of palm growers, where they commit to
offering crude palm oil, according to their condition and
the standards required for the production of B100, which
will have the technological support of the Heaven
Petroleum Operators (HPO) company, regarding the raw
material production process and the production of low
sulfur fuel [40].

According to the Foundation for the Promotion of
Exports of Palm Qil and its Derivatives of National Origin
(Fedepal), Ecuador produces biodiesel from palm oil and
its derivatives, due to the surplus production of this
vegetable. Ecuador's Decree 3103 establishes that diesel
must be mixed with vegetable biofuels, from 5% to 10%
[41].

Argentina’s production is based exclusively in soybean
cultivation as raw material with the transesterification
method, a chemical process that combines oil with alcohol.
Since 2007, it has emerged as a sector with better
performance, strengthening the productive development of
the country. In the following years, there was an increase
in its production of Biodiesel, with 803,640 m3 in 2015
and, in 2016, with 910,891 m®. Besides these years, a
change in the reference values could be noted; for example,
in 2017,it reached 1,105,107 m® and, in 2019,
2,147,270 m3 were produced 26. However, in 2020, the
production decreased to 1,120,759 m?, almost half of what
was previously registered, is due to various factors, but
mainly because of the tragedy of the COVID-19 virus.

Uruguay obtains biodiesel from soybean, rapeseed-
canola, sunflower, turnip, camelina, brassica (also known
as Ethiopian or white mustard), spurge or castor oils, with
soybean and rapeseed-canola being the most used. The
company in charge of manufacturing is ALUR S.A., which
receives trucks from the Arena plant or by pipeline from
the Capurro plant, both use conventional technology
(homogeneous basic transesterification). The company is
certified by the international body of the European
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standard International ~ Sustainability and Carbon

Certification (ISCC) [19,20].

The biodiesel production in Chile is very low,
according to the records by the Chilean College of
Agronomists, which indicate that it does not exceed 150
thousand liters per month, its installed capacity for
production is less than 3 million liters per year [42].

Bolivia is committed to the production of biodiesel
from soybeans since 2019. In an agreement with private
and public companies, a pilot plant of the Tropical
Agricultural Research Center (CIAT) was installed to
obtain biofuel from crude soybean oil, and they experiment
with Cusi, macoror, pinion, and sunflower to generate
technical information and knowledge about these
processes [43,44].

C. Biogas production in South America

The expansion of biogas in several countries for
electricity generation includes places such as the continent
of Africa, India, Latin America, and the Middle East [45]
Mexico produces open biogas through poultry waste in the
state of Jalisco. The first biogas plant in Brazil uses pig
manure in addition to the waste from 18 large pens to run
240 kW motor generators [46].

One of the leading countries in biogas production is
Brazil, which began with the oil crisis in 1979, but, as of
1982, the Energy Mobilization Program - PME was
launched, which encourages the installation of biodigesters
in rural areas. The federal RenovaBio program was
instituted to be a National Biofuels policy as annual
national decarbonization goals for the fuel sector,
encouraging its manufacture, which resulted in future
policies that support the generation of renewable energy
with biogas and biomethane [17].

Colombia, in recent years, has developed small projects
regarding the use of biogas through biodigesters. There are
two plants that generate 3MW from biogas for their own
consumption and, according to the data collected,
Colombia has 62 small plans [47].

Argentina, however, has grown enormously in relation
to its technological development, increasing the number of
digester plants, improving the quality and diversity of raw
materials, as well as the number of service providers. In
2020, the ministry of sustainable development promoted
and bought biodigesters that will be installed in different
institutions, such as agricultural technical schools. The
project finances the incorporation of specialists in the field
of energy and biogas [48].

Since the decree of incentives for renewable energies in
Peru, the installation of biodigesters at the national level
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has increased, but there is a lack of coordination to
optimize their development.

Ecuador began to produce biogas from urban solid
waste. This project is executed through the agreement of
the Metropolitan Public Company for Comprehensive
Solid Waste Management (EMGIRS EP) and the company
GasGreen S.A., as a strategic alliance to benefit the
environment [31,49].

Chile developed biogas projects at different scales for
different energy uses. Until 2015, they generated a total of
43 MW that came from waste from dairy farms, landfills,
and sewage sludge. There are also biogas projects led by
the food and agricultural industry with the aim of
generating electrical or thermal energy to replace fossil
fuels [50].

In Bolivia, there are agreements with cooperation and
organizations that promote research and development in
biodigesters to alleviate extreme poverty in some parts of
the country. Bolivia offers great energy potential due to its
ecological diversity, considering that it is a developing
country. Since these agreements started in 2007, 750
biodigesters were installed until 2012, sponsored by the
Endev-Bolivia program, in a German technical cooperation.
Bolivia shows a middle ground because many biodigester
installation ventures are from entrepreneurs and
environmental policies or international cooperation [31,51].

Paraguay has promising perspectives for the use of
biogas, several studies make this energy sector viable [52].
On the other hand, Venezuela has not yet formalized the
start of direct projects with biogas and neither has any
incentive for the use of biomass and waste.

1. METHODOLOGY
Fig. 2 shows the methodology followed by the article.

Bibliographic State of the
Review * at —‘
A
Review in the
official pages
of each — public policy for
country biofuels

¥
Official
biofuel Analysis of
production the results
data

Fig. 2: Methodology used

1st stage

Newspapers and
magazines on

@
8
n
B
£
~

3rd stage

The methodology used is divided into three stages: the
bibliographic review, specific data review, and data
evaluation and discussion. In the first stage, a
bibliographic review on biofuels focused on the world and
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South America is carried out, based on published articles
and magazines, as well as the state-of-the-art technology.
The second stage consists of the review of specific data in
each South American country according to official pages,
newspapers, and information found on the web. In the third
stage, the data found is evaluated, conducting a discussion
of the information found through online searches (Google
Scholar).

V. DISCUSSION

Many of the South American countries have
implemented public policies for the development of liquid
and gaseous biofuels, allowing agriculture in each region,
which favors many countries, since the biodiversity in
South America makes the development of biofuels from
biomass possible.

Moreover, the promotion of new regulations for the use
of clean energy helps the development of each country;
consequently, many countries have had an increase in
energy production, in addition to a larger number of jobs
and a clear economic boost in each region. However, some
countries, such as Chile and Venezuela are the last to start
biofuel projects, regulations, and laws. These measures,
despite not developing rapidly, already are an important
step in the development of a new sustainable vision.

It should be noted that there are three predominant
countries in the production of biofuels, which are Brazil,
Argentina, and Colombia. These countries that have, year
after year, increased their production in the three types of
fuels already mentioned, and this is mostly due to the
relationship of the government with investments in the
private sector [53]. Brazil is the predominant country in
this scenario of production and consumption of biofuels, as
a result of its institutional base, solid policies, investment
incentives, projects, research and their acceptance by the
country, which contributes to overcoming challenges with
the participation of biofuels [2].Table 4 shows the most
used fuels in South American countries, in addition to
biofuels.

Table 4: Fuels used by each country

Country Fuels Biofuels
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Argentina  Natural Gas Oil Coal  Bioethanol Biodiesel

Wood Biogas

Biomass
Bolivia Natural Gas Diesel Bioetanol Bio-
Gasoline diesel Biomasa
Brazil Natural Gas Petroleum  Firewood and char-
Coal Uranium coal Bioethanol Bio-

diesel
Biogas
Biomass

Colombia Kerosene and jet Gasoline Bioethanol Biodiesel
Gas Fuel Oil Charcoal

- Biogas
Diesel

Biomass

Chile Natural Gas Oil and Coal Bioethanol Biodiesel
Derivatives

Biogas
Biomass

Ecuador  Natural Gas Petroleum Bioethanol Biodiesel
and Coal Derivatives Biogas
Biomass

Paraguay  Firewood Coal Diesel Bioethanol Biodiesel
Gasoline Biogas
Biomass

Per( Gas Natural Petréleo y Bioethanol Biodiesel
Derivados Carbén Biogas
Biomass

Uruguay Oil and Charcoal Deriva- Bioethanol Biodiesel
tives BiOgaS
Biomass

Venezuela Oil Natural Gas -

Ethanol in South America has shown an exponential
growth in recent vyears, increasing its production
significantly as well as its technology; in the case of
Bolivia, Peru, Uruguay, and Ecuador, the most used raw
material in most countries was sugarcane of sugar as first-
generation bioethanol. Regarding Bioethanol, the other
countries are on the path of growth, as is the situation in
Uruguay, Bolivia, Paraguay, Peru, and Chile, which, in
recent years, have opted to research the biofuel conversion
processes, and investments with private companies to
generate biodiesel plants [5,9].

Page | 315


http://www.ijaers.com/

Shirley Carla Chamby Espejo et al.

Biogas is a little-explored topic in all of South
America. However, Brazil takes the lead in terms of
research and investment, and Colombia promoted this
biofuel with the private sector. On the other hand,
Argentina obtained the collaboration of the government in
the purchase of equipment.

The other countries have not yet developed
projects in relation to this biofuel, being that most of them
were linked to international cooperation funds and
executed from NGOs, and, therefore, were small projects.
Despite being a new market, it already has a promising
future regarding the ways that the agricultural sector can
treat waste, solving an environmental problem, and
generate energy. However, the main factor that determines
the success of the projects is the social implementation
strategy, for the rural area biogas can contribute
considerably to the quality of life, as it is a fuel that can be
used to generate electricity, heating, and cooking utensils.
Most small or large-scale projects are based on low-cost
Slug biodigesters [54].

Table 5 shows the production of biofuels in South
America. This information can be found in official pages
of each country, and some data is from important
newspapers in the region.

Table 5: Biofuel production in South America

Country Biofuels Production Unity
ArgentinaBioethanol (2019) 1.06 Million liters
Biodiesel (2019) 2.14 Million tons
Biogas
Bolivia Bioethanol (2018) 80 Million liters
Biodiesel (2018) 3 Million tons
Biogas - -
Brazil Bioethanol (2019) 35,6 Billion liters
Biodiesel (2019) 59 Billion liters
Biogas
ColombiaBioethanol (2017) 366,75  Million liters

Biodiesel (2018) 406.12 Thousand Tonnes
Biogas - -
Chile Bioethanol
Biodiesel
Biogas
Ecuador Bioethanol (2016) 113.5

Biodiesel -

Million liters

Biogas -

Paraguay Bioethanol (2010) 121.86  Million liters
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Biodiesel (2010)  5.80 Million liters
Biogas -
Peru Bioethanol (2018) 182 Million liters
Biodiesel (2018) 154 Million liters
Biogas
Uruguay Bioethanol (2018) 1.79 Million liters
Biodiesel 5.22 Million liters
Biogas
Venezuela  Bioethanol - -
Biodiesel - -
Biogas - -

Some data were not found, since many of the countries
are venturing into the production of liquid biofuels,
because they do not have an established registry. However,
there are several data regarding the progress that each
country has.

V. CONCLUSIONS

The environmental repercussions have started a global
race in search of new alternatives to maintain the
ecological balance. Thus, biofuels appear as an alternative
to fuels.

European countries undertook the development of new
alternatives to replace fossil fuels, investing and promoting
public policies with the exchange of technology, which
helps to increase the production of bioethanol, biodiesel,
and biogas.

Biofuels offer opportunities to meet the environmental,
economic, and social challenges in South America.
However, to get to this point, there are important steps that
must be taken, considering the exchanges that
governments must make.

Despite negative impacts or associated risks, there are
more opportunities in rural development growth that
governments can explore. Although biofuels are emerging
in South America and some countries are in the full
development and implementation phase, as the case of
Chile and Venezuela, most of them already have industries
and a consolidated legal framework for bioethanol and as
is shown in Table 4, several countries have significant
biofuel production capacity. It must be considered that
government policies are key for industrial development
and have played an important role in the development of
South America, where there was the implementation of
public policies on the requirement of mixing alcohol with
gasoline ranging from 1 to 10% in several countries.
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Furthermore, it is important to consider that energy
needs must be followed, and the objectives should be
cautious reasonable when regarding the development of
the implementation. Most of the countries mix their
common gasoline with bioethanol or biodiesel in a
percentage of 1-10%, the impulse of the established
regulations of each country generated a change in the use
of biofuels. In this way of finding the best alternatives,
Brazil far surpasses several countries as it has managed to
use a B100 car powered exclusively by biofuel.

Boosting and promoting technology transfer and
adaptation between countries is a good start for significant
development for biofuels.

In the last 10 years, the countries in South America
have begun to invest in technologies for their production.
Additionally, one of the causes that these projects are
carried out is thanks to the national government policies of
each country, which fostered the agricultural sector and
private companies to invest in new practices, facilitating a
business that is not only beneficial for each region but also
for the locality, generating employment and income.
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