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Abstract: The increase in CO, production by the automotive sector has led to an increase in work
towards new technologies that reduce their contribution to pollution, such as electric cars, hybrids and
the use of fuels obtained from renewable sources or biofuels. This study has focused on the production of
biofuels because it is the first renewable option for cleaner combustion because it significantly reduces
carbon emissions. Because of this, the PES analysis looked at the reasons why this large difference occurs.
The first review was of state regulations governing biofuel production in the three countries studied. The
USA and People's R China have clear policies and very consistent goals accompanied by investments and
tax extensions and these policies were compared with those implemented by Colombia to have a measure
of how far this country is from the world powers in terms of biofuel production.
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I. INTRODUCTION

The automotive industry is one of the sectors that contributes the most to global pollution[1],which is why we
have looked for ways to reduce the CO2 emitted by this industry. To this end, new technologies have been
developed to reduce their contribution to pollution, such as electric cars, hybrids and the use of fuels obtained
from renewable sources or biofuels. These are considered the most viable option to seek CO, reduction in the
automotive sector, despite the fact that the consumption of biodiesel and bioethanol only reached 4% of the fuel
consumed in the sector[2],which shows that efforts must be increased to increase the production and
consumption of biofuels.

The production of these fuels is based on different renewable sources. One of the raw materials investigated for
this purpose is corn, although it has not been considered a viable biodiesel feedstock due to its high edible value
and relatively high price, but some industrial corn processing co-products, such as corn germ and dry distilled
soluble grains (DDGS), have potential for this application after extraction of corn distillery oil (CDO). For this
reason, simpler, more effective and energy-saving technologies must be developed for the production of
biodiesel, including more economical, efficient and reusable solid catalysts, continuous reactors with better
mass transfer characteristics and the integration of reaction and separation phases in a single stage[3]. In
addition, a closed process was proposed for the production of biofuel microalgae involving lipid extraction,
anaerobic digestion and microalgae culture and 28.38% more energy was recovered as methane in LEM during
the anaerobic digestion process. This would offset the cost of producing microalgae biofuels[4].In addition, the
generation of biodiesel from recycled cooking oil was studied and the quality of the biodiesel was evaluated
through various physicochemical properties and compared with the ASTM standards for biodiesel. Oleic acid,
linoleic acid, palmitic acid and stearic acid were the main components of the biodiesel produced[5].

Bearing in mind that the variety of possibilities for the production of biofuel and that the production of biofuel
has become more attractive due to its enormous reduction in greenhouse gas emissions. Although theproduction
of biodiesel can affect water resources, soil and biodiversity, an appropriate policy can help to produce
sustainable biodiesel in a natural way[6].

The contribution of this work is focused on the comparison of the policies that drive the production and
development of biofuels in economic powers such as the USA and People R China and how these policies have
affected economically and socially compared to what Colombia has done to achieve the objectives of reducing
emissions and improving the rational use of resources.
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Il. METHODOLOGY

Following is a brief description of the study carried out, which will detail the production process of biofuel, raw
materials used and explain the method by which the comparative analysis of the nations involved in this
research was made.
2.1. Review of concepts

Biofuels are a replacement for conventional fuels, which contain components derived from living organisms or
metabolic waste and from which biodiesel is obtained. This fuel is the first renewable option for cleaner
combustion because it significantly reduces carbon emissions[7]. A series of steps described in figure 1 are
carried out for production. It begins with the extraction of the oil from the raw material used (A) to obtain the
crude vegetable oil (B), then the first separation of fat (C) is carried out, resulting in the refined vegetable oil
(D), followed by the second separation of fat (E) and purification (F) to finally obtain the biofuel (G).

(A) (B) (©) (D) (E) (F) (G)

Figure 1. Biofuel production process

2.2. Types of biofuels and feedstocks

The product of this process is used as a pure diesel replacement in engines that use this fuel, but it is also used in
combination with diesel at different concentrations such as B20 (20% biodiesel, 80% petroleum diesel), B5 (5%
biodiesel, 95% petroleum diesel) and B2 (2% biodiesel, 98% petroleum diesel) being the most common pure
(B100) in the United States. And the most common products used for biofuel production are vegetable oils such
as soybean oil, cottonseed oil, canola oil, corn oil, recycled cooking fats or oils, and animal fats such as beef
tallow, lard, and a variety of combinations of these raw materials. The cooking oils are recycled and most of
them are of vegetable origin, but they can also contain animal fats[8].

2.3. PES analisys

Three important aspects were taken into account in this study. These were the political, economic and social
aspects. With the first one, he sought to know the standards that helped the growth of production and the
advancement of biofuel technologies. On the other hand, in economic terms, the investments of the states
studied were known. And finally, the social aspect, which showed the benefits that the implementation and use
of the policies that govern biofuels brought to the people.

In addition, an analysis of the growth performance of the research was conducted to identify whether the
investment policies of the countries were reflected in research results. For this purpose, metadata was
downloaded from the Web of Science, Biofuel was used as the search phrase, and after obtaining the metadata,
it was processed by HitCite. In this way, the growth of research on this subject was obtained.

I11. RESULTS AND DISCUSSION

Research on biodiesel since 2007 has shown a considerable and constant increase from just over 300 studies in
2007 to over 800 in 2015, which is the peak of research. This represents an increase of approximately 166%
between these two years, as can be seen in theFigure 2.
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Figure 2. Number of publications per year

Similarly, the annual contribution of the two countries with the greatest number of research projects in the last
11 years, which were the USA and People's Republic of China, was analyzed and a comparison was made of the
annual publications of these two countries with those of Colombia during this period of time. Figure 3 shows
how the USA has always been far ahead of the publications made by People R China and the difference with
Colombia is very great. This country reached its highest publication point with a number of 5 publications being
very far from the U.S. bottom line and equalling China only in the value of its first year in this study.
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Figure 3. Publications by country
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Because of this, the PES analysis looked for the reasons for this large difference. The first review was of state
regulations governing biofuel production in the three countries studied. The USA and People's R China have
clear and consistent policies and goals, accompanied by investments and tax extensions described in Table 1,
which led to an increase in research in these two countries. On the other hand, Colombia does not have policies
focused on biofuel production and almost no investment in this technology, as can be seen in Table 1, which has
not encouraged research in this field and, thanks to this, the social results are nil, contrary to what is observed in
People R China and the USA, which have shown various types of benefits such as improvements in the
environment and an increase in the employment rate of their citizens. But there are also negative aspects, such
as the increase in food prices due to the increase in demand for these products.

Table 1. PES analisys

Criteria USA People R China Colombia
I 2007, the 1 . . .
irlll depen. der,lce ean d aw secfllrlit ene;/ga)sf In 2009, a plan was proposed | Colombia's policies regarding the
estaé)lishe 4. which establislie d  the to promote the wuse of | production and use of biofuels are
roportion ,ofrenewable raw materials in biodiesel in Hainan province, | not very clear, and the government
gioir’)uels[9] The obicctive is o increase which promotes the use of BS | has not bothered to specify specific
140 millior'lm3b 2(1)22 which means an fuel, the same mandate | measures for this fuel technology.
. ¢ 61y i > dt prohibiting the sale of pure | In 1994, it issued Law 142 in which
1n1c1:r:ase N tb;mh 1gnm ctzmpare (; diesel. In 2010, the excise | it obliged companies to implement
Policies Wlfll' v:a 5 e; tah 11s ¢ Tﬁl’ b'e ﬁ? elar Ot duty on biodiesel production | rational energy use programs for all
p{’l 1}§a g)n'o dt? aw. s 10the rglus from used oils will be | processes[12]. In the same year,
a Sr(;l et rel;tveonrotr}lll sotglcers ;)1 nidr t?ln extended[10]. In 2010, the | Law 143 designated the UPME to
ZO ls?ncn;[ £ bi felor c ira t, & ° | Chinese government created | Establish as a priority an energy
evethop N Of 10 uels efCJu def Sll: fes 22 research centers that seek | saving and optimization
gp f el[gu]sle 0 4 dgltgae a; ce st())lc F Oi to promote advances in the | program[[13]. In 2004, the
Slto 1(116 q na 11ton, 1. inewa; ¢ rue energy sector, among them | characteristics that biofuel must
an arbl stsl 8¢ ¢ whie cta eg(l)rlzeg the national center for energy | meet to be considered as such were
;Zﬁ::e debio fi:lsm 0 conventional and | p &1 for biofuels [11]. clarified[14].
The production of ethanol for biodiesel ir/}ini?tecreeofzsilzle OfEn%/(i)r(())ilgmetrllltt3
in 2017 reached 59 millionm3and | China's tax policy has been to Housirfy and Terri toriai
provided employment for more than 71 | reimburse value added tax Develogment of the Colombian
thousand Americans. Similarly, industry | (VAT) to ethanol producers. p blished the f
supported th 280.000 | This i i hased out | gOVernment esta ished the form
pporte more an ’ 1S Incentive was pRasec out 1,4 requirements for obtaining tax
Economic investments that generated jobs in all | by reimbursing 80% in 2011, extensions on national and imported
aspect sectors of the economy and contributed | 60% in 2012, 40% in 2013 cquipment and clements usfd for
P 45 billion dollars to GDP and spent | and 20% in 2014, and in the ﬂ?e p constractionsallation
more than 30 billion dollars on raw | following years there was no assembly and o eriation of controi
materials, inputs and other goods [15]. | reimbursement. As for and moi/litorin ps stems necessa
In addition, biofuel production generated | biodiesel, the production of for complianc 5 wiyth environment?i
a $14.1 billion increase in the value of | biodiesel is exempted[10]. -omp . d
the agricultural sector provisions, regulations an
) standards[16]
The biodiesel industry has generated an N .
increase in female employment due to About .14A) of the - Asian .
the fact that 30% of its employees are of population has low food | On the social front, the results have
this tvpe. with a value of more than 25% security, and 560 million | not been very significant due to the
of feyrgla,le obs in the oil-based fuel; people in Asia have this | regulations presented by the
indust Oil the other hand. 23% of problem[17]. Bearing this in | government, which were not very
em lor};es are 55 vears of a e’ or oi) der mind, and that resources such | concrete and did not generate the
Society ploy Y g > | as land, water, labour and | necessary momentum to advance

8% are trade unionists and 19% are
military veterans. These percentages are
higher than those presented by the oil-
based fuel industry except for trade
unionists, where they are 12%[15]. This
demonstrates the social  benefits
generated by the biodiesel industry.

food crops are needed for
biofuel  production[18].This
can have a negative impact
due to the increase in demand,
which can cause food prices
to skyrocket.

biofuel research. The Colombian
government is focused on oil
exploitation, which has had a
negative impact on the Guajira's
watersheds[19].

V.

CONCLUSION

Finally, we can conclude that Colombia as a developing country is far from making a significant contribution to
the production of biofuels due to its null policies. In comparison with the serious and committed approach of the
great world economic powers that have provided economic incentives to the productive sectors, this has been
reflected in very positive social results. On the contrary, in Colombia, despite being a country very rich in
resources, decisions are leading to environmental damage to water resources that negatively affect its
population.
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