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ABSTRACT

ASEAN countries consist of vast coastal areas and thousands of islands that are vulnerable to the effects of climate
change on sea level rise. It is believed that this will play an important role in reducing greenhouse gas emissions
globaly in order to minimize the damage suffered by ASEAN countries. To overcome this issue, biofuels have been
used to minimize the impact on the environment by replacing fossil fuels and to reduce greenhouse gas emissions.
In those cases of United States, Brazil and Europe, where biofuds are highly utilized, research, development and investment
in this field have been actively conducted in the past. In ASEAN countries, however, it has not been a long time
since the biofuel policies were established. To overcome this problem, we investigated the renewable fuel policy in
the United States, Brazil and the European Union. Based on this, we suggested the utilization plan and prospect of

biofuel policy in ASEAN countries.

Keywords: ASEAN, biofuel, sustainable policy, energy security, Renewable Energy Directive, Renewable Fuel

Standard

1. INTRODUCTION

Sea level rise caused by globa warming and
environmental problems such as increased harmful
substances have become global issues, and development
and utilization of renewable energy can be said to be
a task to be solved by dl countries. As a result, research
on renewable energy which can replace fossil fuels
worldwide has been spotlighted. Typica expected
benefits obtained by using biofuels include mitigation
of climate change, improvement of energy security and

job creation in rura areas.

Corn produced through fermentation in the United
States (U.S.), bioethanol derived from sugarcane in
Brazil, and biodiesel produced from oil seed” through
alkyl esterification in the European Union (EU) are
typical biofuels. As such, biofuel is used as practical
aternative fuel but ASEAN? countries are far from
how the U.S. and the EU which are teking active policies
to use biomass.® Although it is difficult to apply the
same level of policies of the developed countries,
effective biofud policies are expected to be implemented

1 Date Received June 28, 2018, Date Accepted September 11, 2018
2 Graduate School of International Agricultura Technology, Seoul National University, Pyeongchang, Gangwon-do

25354, Republic of Korea

3 Ingtitute of Green-Bio Science and Technology, Seoul National University, Pyeongchang, Gangwon-do 25354,

Republic of Korea

t Corresponding author: Joon Weon Choi (e-mail: cjw@snu.ac.kr, ORCID: 0000-0002-9454-0475)

- 577 -



Su Jung Heo + Joon Weon Choi

through the cases. In the previous study, the author
examined the use and prospect of Lignocellulosic
bioethanol in ASEAN countries (Heo and Choai, 2017).
However, it was confirmed that there are limitations
to enforcement of policies due to technica limits. Thus,
this study is conducted to find a method for
complementing this. The current size and status of the
cdlulosic bioethanol market are very limited to replace
targets of each country (Kim, 2016). Although there
is a case of applying to the domestic situation by
analyzing the precedent set by the developed countries
(Cho and Lee, 2013; Park, 2011), this study has a
different significance because it is based on the Stuation
of ASEAN countries. This study looked at Renewable
Fuel Standard and biofuel supply policies of the U.S.
and Brazil which are based on bioethanol, and the EU
which is based on biodiesel. The policy background
and plan of Renewable Fuel Standard (RFS) and
Renewable Energy Directives (RED) are set out and
the utilization methods of biofuel in the U.S., Brazil
and Europe are andyzed as oversess cases. The current
biofuel policies adopted in ASEAN countries are
investigated. Based on this, implications on policies
of ASEAN countries, which need to be improved at
this stage, are explored through the related cases of
the developed countries.

2. MATERIALS and METHODS

2.1. RFS

RFS was enacted by the Energy Policy Act? in the
U.S. in 2005 and the scope was expanded by the EISAY
in 2007. This wes firgly enforced to impose the biofuel

1) Qil Seed - Seed that becomes the ingredient of oil such
as soybean, sesame, cottonseed, peanut, etc.

2) Association of South-East Asian Nations

3) Typica raw materid including agricultural and forestry
crops and urban solid wastes

Renewable Fuel Standard on the transportation industry
within the U.S., and biofuel used here includes
bioethanol and biodiesel of the first and second
generations (Bracmort, 2015). The main contents of
RFS | are suggest the Renewable Fuel Standard and
include the tracking system based on RIN® and general
exemption provision for business management (Cho and
Lee, 2013). According to DOE?, the person of
obligation can meet the Renewable volume obligations?
by sdling the required amount of biofuel or purchasing
RIN from a person that exceeds the requirement. Thus,
the company must own RIN that corresponds to the
cdculated biofud. If not, a maximum of 32,500 USD
is imposed per day (Cho and Lee, 2013).
However, there are cases of reducing the amount
as they cannot meet the RFS | target and RFS 11 gppeared
in 2010 to complement RFS 1 (2007). Unlike RFS I,
it defined the types of biofuel in details and suggested
the practicd Renewable Fud Standard target (Bracmort,
2015). Biofud defined by DOE must meet the minimum
target of life cycle® GHG emission reduction compared
to petroleum and the criteria are as follows: 1) Biofuel
of the first generation'® - reduce by more than 20%
in life cycle of GHG; 2) Advanced™ biofuel - i.
Biodiesel - reduce by more than 50%, ii. Cellulosic
biofuel - reduce by more than 60%. The U.S. Energy
Environmental Protection Agency (EPA) manages the
RFS program and sets the amount based on the EISA

4) Energy Policy Act

5) Energy Independence and Security Act

6) Renewable Identification Numbers

7) Department of Energy

8) RVOs - Renewable volume obligations

9) Life Cycle GHG emissions

10) First generation: Grain-based biomass that compete
with food including corn and sugarcrane.

11) Advanced biofuel: Cellulosic/microagae-based biomass
that do not compete with food; renewable fuel other
than ethanol extracted from cornstarch with less than
50% of life cycle GHG emission.
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Fig. 1. Renewable fuel standard volumes by year
(DOE, 2017).

law and requirements for the amount of each category
in accordance with fuel availability (DOE, 2017). In
general, EPA evauates based on the information such
as individua production plan and progression speed,
which is obtained through discussion with each
producer, EIA, USDA™ and DOE™ to determine the
amount to be imposed on Renewable Fuel Standard
volumes of cellulosic biofuel (Bracmort, 2015). Fig.
1 anticipates Renewable Fuel standard volumes that
generaly increased by year. It shows that cellulosic
biofuel and advanced biofuds are increasing compared
to the first generation (conventional) biofuel and
biodiesel that are at a constant rate.

2.2. RED

The EU enacted Renewable Energy Directives (RED)
in 2009 and the objectives are set differently by country
or region. REDs are guidelines to reduce GHG emisson
and dependence on fossil fuels by imposing the
minimum standard for use of biofuels such as bioethanol
and biodiesel (Dixon et al., 2016). The EU
Commission'® set up a goal of reducing GHG by 6%

12) Environmental Protection Agency

13) Energy Information Administration

14) United States Department of Agriculture
15) Department of Energy

16) EU Commission

by increasing biofuel in the transportation industry up
to 10% until 2020 (Dixon et al., 2016; EU Commission,
2018). In addition, the objective was set in 2016 to
meet the minimum 30% of the overal energy required
in the field of renewable energy by 2030, but each
country has a different goal such as 10% for Malta
and 49% for Sweden. One year later, in December 2017,
downward adjustment on renewable energy was made
to 27% and EU countries can reset their national
objectives based on the 2-year performance through
this goal (Council of the EU, 2017). REDs not only
help EU countries and other countries to meet the
renewable energy objectives through cooperation but
suggest the sustainability reguirements to produce all
biofuels produced or consumed in the EU in a
sustainable and eco-friendly way. For instance, the
minimum share of advanced biofuels is expected to
be increased gradudly from 0.5% in 2021 to more than
3.6% in 2030, and agricultural biomass used here must
meet the following criteriaz (1) To have a high
biodiversity value; and (2) To be produced based on
the raw materia that is grown in soil with low carbon
deposition (Council of the EU, 2017). Companies that
produce biofuels can prove the compliance status
through these sustainability criteria or voluntary plans
approved by the EU Commission. Biofuels here are
mostly based on the first generation (conventional)
biomass, and RED Il was enacted in 2016 to complement
this. It targets 6.8% fuel blending by 2030, and it is
based on advanced biofuels that exclude the first
generation (conventional) fuels unlike the existing RED
(EU Commission, 2018). The obligation of life cycle
GHG emission reduction for fuel suppliers was added
to the existing RED and the detailed criteria on which
cases are to be included in GHG emission were set.
These criteria indude 1) nitrogen dioxide emission from
soil during farming; 2) emission during extraction of
vegetable oil; and 3) emission during transportetion and
distribution of fina fuel.
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Fig. 2. Number of suppliers of bioethanol blending obligations in the U.S. (major cities

only) (Modified, Stock, 2017).

3. RESULTS and DISCUSSION

3.1. Biofuel cases of developed countries

3.1.1. US

The U.S. produces nearly half of globa ethanol,
which is mostly produced using corn as a raw materia.
Ethanol production consumed 107 million tons of corn
in 2009 and 112 million tons in 2010, corresponding
to about one-third of overal corn production in the
U.S. and 13% of global production (Goto, 2012).

EPA is currently considering to change E10'7 into
E15 and enforces a strong policy in the fild of biofuel
to improve energy security (Park, 2011). It has recently
been paying attention to advanced hiofuel. Oklahoma
is encouraging the abolition of the system that deducts
45 cents of tax per one galon of corn-based bioethanol
in gasoline (Park, 2011). According to Goto (2012),
the U.S. has been offering tax reduction for federal
taxes on gasoline with bioethanol content of 10% or
above since 1978. Various affirmative actions related

17) EQO: 00% ratio of bioethanol in gasoline

to biofuel have been implemented, such as tax credit
in 2004 for ethanol facilities at gas stations. Looking
a different states, Illinois and 10 other states offer tax
reduction for sales tax on gasoline and Minnesota and
17 other dtates provide subsidies to bioethanol providers
(Goto, 2012). Fig. 2 indicates locations of bioethanol
suppliers that meet Renewable Fuel Standard in major
cities of the U.S. Suppliers that produce high-blend
fuel are placed in the Gulf and the Midwest. EISA
set a god to increase from 42 hillion liters (1.1 billion
gallons) in 2009 to maximum of 136 hillion liters (36
billion galons) by 2022 (APEC, 2015). However, such
goal comes with a clause that the goa can be lowered
if the cogt is too high or biofuel supply is insufficient.
For instance, as EPA failed to reach 22.25 billion
gallonslyear planned by the U.S. Congress in 2007,
the god was lowered to produce 18 billion gallons/year
of bioethanol by 2016 and 15 billion gallons/year by
2022 (APEC, 2015; APEC, 2016).

3.1.2. Brazil
Brazil enacted the Nationa Alcohol Program in 1975
to reduce its dependence on import of fossil fud, which
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Fig. 3. Division by states in Brazil.

was increased by the first oil crisis in 1973. Due to
low availability of bioethanol, the origina target of
E25 was not satisfied and the actua ratio was dropped
to E20 in 2011. E25 was recovered in June 2012 and
Renewable Fud Standard was increased to E27 in 2015
(USDA, 2017). Actua consumption of bioethanol is
higher than the standard because pure ethanol is not
only used for gasoline blending but also on vehicles
like FFV®® (Brazil biofuds, 2016). Bioethanol in Brazil
is mostly produced using sugarcane cultivated
domestically. Sugarcane production was increased by
nearly 1.7 times in 6 years, from about 396 million
tons in 2003 to about 671.39 million tons in 2009 (Goto,
2012). Starting in December 2004, Brazil implemented
the National Program for the Production and Use of
Biodiesel (PNPB)™ to increase national production of
biodiesel (Brazil biofuels, 2016). The objective of this
program is to require legd, administrative and normative
measures, define a federal tax model for biodiesdl, and
establish the conditions for registering producers and

18) Flexible Fuel Vehicle: A dua fuel vehicle that can use
both bioethanol and gasoline

19) Programa Naciona de Produgdo e uso do Biodiesd,
PNPB

Table 1. ICMS in Brazilian states (Tax incentives)
(USDA, 2017)

States Gasoline Bioethanol
Acre AC 25 25
Alagoas AL 29 25
Amazonas AM 27 27
Amapa AP 25 25
Bahia BA 28 20
Ceara CE 29 25
Distrito Federal DF 28 28
Espirito Santo ES 27 27
Goias GO 30 22
Maranhao MA 28 26
Minas Gerais MG 29 14
Mato Grosso Sul MS 25 25
Mato Grosso MT 25 25
Para PA 28 25
Paraiba PB 29 23
Pernambuco PE 29 23
Piaui PI 27 19
Parana PR 29 18
Rio de Janeiro RJ 34 25
Rio Grande Norte RN 29 23
Rondonia RO 26 26
Rio Grande do Sul RS 30 30
Santa Catarina SC 25 25
Sergipe SE 29 27
Sao Paulo SP 25 12
Tocantins TO 29 29

importers. According to USDA (2017), the National
Council on Energy Policy (CNPE)® demanded gradual
incresse of Renewable Fued Standard from B8? in 2017
to B9 in 2018 and B10-B15 in 2019. In fact, USDA
(2017) reported that bioethanol standard of the U.S.
remained unchanged at E27 but biodiesal standard was
increased to B8 in 2017. Bean-based biodiesd, the most

20) Conselho Nacional de Politica Energética, CNPE
21) BOO: 00% ratio of biodiesel in diesel
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common type of biodiesel fud in Brazil, was evauated
to reduce GHG emissons by 57% and 31%, respectively
for RFS 1l and RED (Directives, 2009). However, there
is no separate standard for environmental sustainability
of the biofuel policy of Brazil. For example, GHG
reduction level and indirect land use are not taken into
consideration (Brazil biofuels, 2016). Sugarcane-based
ethanol produced in Brazil was evaluated to contribute
to 61% of GHG reduction based on RFS Il of EPA.
According to the RED standard of the EU,
sugarcane-based ethanol has a reduction effect of about
71% (Directives, 2009). Fig. 2 shows the division of
dates in Brazil. Table 1 presents ICMS? in each dtate
of Brazil set by the Ministry of Planning as of July
2017. ICMS imposed on bioethanol ranges from 12%
to 30% and ICMS on gasdline is 17 ~ 34%. In generd,
ICMS is the same for bioethanol and gasoline or higher
for gasoline. This implies that there is a tax benefit
for production of biofuel.

3.1.3. EU

The EU consumed about 16.8 million tons of oilseeds
such as rapeseed and sunflower to produce biodiesel
in 2010, and this corresponds to about 70% of al
oilseeds (Goto, 2012). In the transportation sector of
the EU, biofuel accounted for about 4% of total fuel
consumption from 2009 to 2013. Biodiesel takes up
75% of biofuel consumption among them (Boutesteijn
et al., 2017).

Through RED, the EU recently set a target to use
renewable energy sources for 20% of energy
consumption and 10% of total transportation fuel by
2020. The bioenergy sector (biofuel and biomass) is
expected to make contributions (Frank et al., 2013).
Each EU country has different resources available and
a unique energy market. This means that each country
has its own target to comply with RED. The ‘EAP®

22) Tax for Circulation of Goods and Services

Table 2. Blend rate mandate in some EU Countries
(Cho and Lee, 2013, modified)

Country Bioethanol Biodiesel
Germany E2.8 B4.4
Austria E6.1 B6.3
Romania E7 B7
Spain E4.1 B7
Denmark El B1
Hungary E3.1 B4.4
Greece - B6.5

for 2020 agreed among leaders of Europe in 2007
required to increase the use of biofuel for transportation
in Europe from 5.75% in 2010 to 10% in 2020 (Cho
and Lee, 2013). The EU Commission announced a
proposal to achieve minimum renewable energy rate
of 27% in find energy consumption of the EU by 2030.
The current RED level varies from beow 10% of Mdta
to 49% of Sweden. Each country writes a biennid report
on the progress.

As shown in Table 2, some EU countries are
implementing Renewable Fuel Standard for biofuel.
Ethanol blend rate was highest in Romania, followed
by Austria and Spain. Diesel blend rate was highest
in Romania and Spain, followed by Greece and Audtria

In Germany, the Biofuel Quota Lav?? was enforced
to oblige 6.25% of use until 2014 (Park, 2011). There
are two main methods of budget support. First is to
provide tax deduction or subsidy benefit. Second is
to apply regulations like Renewable Fuel Standard to
guarantee minimum market share of biofuel and
minimize the financial burden of the government (Cho
and Lee, 2013). In addition, the Renewable Transport
Fuels Obligation® was promoted in the UK since April
2008 as a measure to implement the bioenergy policy

23) Energy Action Plan
24) Biofued Quota Law
25) Renewable Transport Fuels Obligation, RTFO
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Table 3. Biofuels policy frameworks in some ASEAN countries (APEC, 2016)

Blend rate mandate

Blend rate target Incentives, subsidies,

Bioethanol Biodiesel Bioethanol Biodiesel and taxation
Indonesia E3 B10 E20(2025) B30(2025) y
Malaysia - B7 - B10 N
Philippines E10 B2 E20(2020) B20(2025) V
Thailand - B7 E30 B20 y
Viet Nam E5 E10(2017) N

statement of the EU. This obligation required gasoline
and diesel sold in the UK to blend at least 2.5% of
biodiesel and set a target to replace 5.26% of transport
fuel with biofuel by 2013 (Park, 2011).

3.2. Biofuel policy in ASEAN

Renewable energy resources are rich in Southeast
Asia. As a representative case, Indonesia takes up the
largest part of the globa palm oil industry. Indonesia
devised a plan for Renewable Fuel Standard of B30
by 2025, and Malaysia the second largest country in
the pam oil industry recently announced that its target
will be increased from B7 to B10 (APEC, 2016; |IEA
2017). Table 3 summarizes Renewable Fuel Standard
and targets of some ASEAN countries. Indonesia and
the Philippines set a target to increase bioethanol blend
rate to E20. As for biodiesdl blend rate, the target rate
is B30 in Indonesia and B20 in the Philippines. Thailand
set the target rate as E30 and B20. In addition, most
of ASEAN countries are recently providing a biofuel
policy mechanism through financing of R&D, subsidy
and tax incentive to increase competitiveness of biofudl.

3.2.1. Indonesia

Indonesia, a country that takes up about 40% of the
global pam oil industry for sustainable production,
introduced an international certification system for
tenant farmers in 2015 (IEA 2017). This system

introduces a more environment-friendly method of
increasing productivity. In 2008, Indonesia passed
Ministerial Regulation No. 32/2008 on biofuel supply,
utilization and trading as a law so that biofuel can be
used like other fuels (APEC, 2015). This law alows
for obligation of biofuel consumption since 2009 and
regulates the following matters: 1) classification of
biofud; 2) quality standard and specification; 3) pricing;
4) ingtruction and supervision; and 5) sanction (APEC,
2015). Biodiesd production of Indonesia was only about
190 million liters (50 million galons) in 2009 but
increased rapidly to 2,961 million liters (780 million
gdlons) in 2014. The number of bio-refinery® plants
was increased from 7 to 26 (USDA, 2015). According
to IRENA (2017a), Renewable Fuel Standard of
Indonesia was increased from B10 to B15 in 2015.
The Egtate Fund Agency for pam oil estate was newly
launched to cover production of palm oil. Biodiesel
produced in Indonesia is mostly based on palm oil,
and total area of palm oil cultivation is estimated to
be about 11 million hectares (IRENA, 2017a). Only
about 1% of pam oil produced in Indonesia was used
for biodiesel in 2008, but this ratio was increased to
10% in 2014 (IRENA, 20173). Although Indonesia only
has subsidy policies related to biodiesel, there is
Renewable Fuel Standard of E3 for bioethanol (Table
3). Although ethanol subsidy programs are currently

26) Biomass conversion processes, devices, etc. to produce
renewable fuel, chemicals, power, etc.
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not implemented due to the lack of incentives for
suppliers, it can be inferred that Indonesia is conggtently
producing bioethanol.

3.2.2. The Philippines

The Philippines is a country comprised of three mgor
islands including Luzon, Visayas and Mindanao and
7,107 other idands. In the renewable energy
consumption sector, the government of the Philippines
set a target to increase the use of renewable energy
by at least three times from 2010 to 2030 (IRENA,
2017b). The Biofuel Act?®” was enacted in 2007 to
provide a legal quota for biofuel. Renewable Fuel
Standard is gradually increasing, and the blend rate
was increased from 5% to 10% for bioethanol and from
1% to 2% for biodiesel (IRENA, 2017b). Further, the
country has specific blend rate targets such as E20 by
2020 and B20 by 2025 (Table 3). This indicates
expansion of production and supply capacities. The
facilitation of biofuel use in the transportation sector
leads to growth of the domestic sugarcane industry and
cultivation of coconut and other fat-rich plants.
However, according to IRENA (2017b), prices of
biofuel (biodiesel) produced in the Philippines are
gradualy increasing despite various benefits including
tax exemptions and public subsidies. Since increasing
prices make it difficult to satisfy Renewable Fuel
Standard of 5%, the government of the Philippines must
present a method of overcoming such problem or lower
the target.

3.2.3. Thailand

Thailand has been encouraging the use of biofuel
for several years, but the targets in the past were not
fulfilled. Only about 6% of fud demand was fulfilled
in 2015 (IRENA, 2017c). The Ministry of Energy is
focusing on the development of aternative energy and

27) Biofuels Act, 2006, Republic Act No. 9367.

renewable energy sources to secure new energy
resources and provide inexpensive energy to citizens
of Thailand. The 2012-2021 AEDP?® dipulates that
the ratio of renewable energy and aternative energy
will be increased to 25% and the use of biofuels such
as bhioethanol and biodiesel in transportation will be
supported. To accomplish such goals, Thailand
established the Fund for Energy Service Companies®
for the renewable energy development project, as well
as an incentive program and mechanism to subsidize
and facilitate investment in the Energy Conservation
Fund® (APEC, 2015). Despite the fact that Thailand
currently has 23 bioethanol refinery plants with average
daily capacity of 4.69 million liters and 12 biodiesel
refinery plants producing about 6.52 million liters, it
seems necessary to significantly increase the refining
capacity in order to meet the AEDP target (IRENA,
2017c¢).

3.2.4. Others (Vietnam, Myanmar, and
Malaysia)

In 2015, the government of Vietnam established its
first renewable energy strategy for 2030, which aso
includes a vison for 2050 (APEC, 2015). Vietnam aims
to increase the rate of biofuel to 5% of tota
transportation fuel (about 0.8 Mtoe) by 2020 and 13%
(3.7 Mtoe®™) by 2030 (APEC, 2015). In addition, the
scope of R&D activities in Vietnam was expanded to
the demonstration of biodiesel production using a
non-food crop cdled Jatropha in the last two years and
the study of cellulosic biofuel. Driven by the Biofuel
Development Scheme, Vietham approved a budget of
43,376 million VND®? in 2009. From 2009 to 2011,
22 R&D projects and 5 pilot biofud production projects

28) Alternative Energy Development Plan

29) Fund for Energy Services Companies

30) Energy Conservation Fund

31) Million tons of ail equivalent

32) Vietnamese Dong (national currency of Vietnam)
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were granted to different organizations and individuals
(Trinh, 2018).

In Myanmar, five biofuel plants were constructed
between 2003 and 2010, annualy producing about 19.5
gdlons of biofud (ADB, 2016). In 2009, the government
of Myanmar issued a notice permitting production,
transport and sales of biofuel to encourage the use of
biofuel in place of gasoline (ADB, 2016). As for GHG
reduction, the government of Myanmar is placing efforts
on GHG reduction by increasing growth of renewable
energy to 5% of BAU® by 2020 and 25% by 2030
(APEC, 2015).

There are sugarcane farms in Maaysa to manufacture
raw sugar, but they cannot produce bioethanol due to
limited facilities and high cost of ethanol production.
Sugarcane produced in Maaysia is mostly sold in
Malaysia as syrup. There was an attempt to produce
ethanol, but it failed due to the lack of advanced
technologies and high capitad invesment (USDA, 2017).

3.3. Policy implications

The U.S. and the EU implemented biofuel policies
in response to explosive farm surpluses such as crops
and oilseeds that started to occur since 1970s.
Ultimately, they gained positive effects such as response
to climatic changes and creation of jobs in rural aress.
As a representative example, Nebraska in the U.S,
which did not have enough competitiveness to export
crops because of high logistics cost caused by long
distance from the coast, showed increase of farm
employment after production of bioethanol (Goto,
2012).

In the case of the ASEAN countries, implications
of Renewable Fuel Standard and biofuel policies can
be summarized as below. The ASEAN countries have
been trying to resolve the future problem of climatic

33) Business as usual, prospective greenhouse gas emission

change despite many technical restrictions related to
biofuel. The ASEAN countries still do not have an
organized system for supporting biofuel policies, and
it would be necessary to implement a system reflecting
characterigtics of each country and region. For example,
the Philippines must decide its Renewable Fud Standard
by estimating biofuel production based on raw crops,
reflecting characteristics of an idand country.

3.3.1. Environmental issues, R&D status and
limited factors

According to RFS Il of the U.S,, specific cdllulosic
biofuel must be defined to achieve the minimum life
cycle emisson target in each category. In addition, RED
of the EU sets forth specific criteria for conditions that
can affect climatic changes, such as 6% reduction of
GHG by 2020 and nitrogen dioxide emission from
farming. RED |l proposes a series of policies to increase
the ratio of renewable energy in energy consumed in
the fields of electricity, heating, cooling and
transportation to 27% by 2030 (EU Commission, 2018).

In general, the ASEAN countries play an important
role in reducing global GHG emission because the vast
coastdl area and thousands of idands that are vulnerable
to the effects of the risng sea levdl bdong to the ASEAN
countries (IEA 2017). Although per capita GDP of
Thailand is lower than globa average in terms of GHG
emission, Thailand places active policy efforts such as
a long-term GHG reduction target from 2015 to 2050
to cope with climatic changes (APEC, 2015). At the
Lima COP 20 held in Peru, Thailand announced its
commitment to reduce GHG emission by 7-20% by
2020 based on BAU for energy and transportation
(APEC, 2015). However, mogt of the ASEAN countries
including Thailand lack of policies and incentives to
support renewable energy, and it is urgent to find a
means to overcome this issue. Therefore, they are
expected to show the rapid development by adopting
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excellent economic practices of countries that have
already made significant progress in the development
and the use of renewable energy, such as the U.S.,
Brazil and the EU. In addition, increasing introduction
of FFV in a market as in Brazil can help increase
the use of biofuel in the transportation section.
Nonetheless, the production of plants used as raw
materias for the first generation (conventional) biofuel
is decreasing over time. For example, the production
of the first generation biomass for the biofuel pr
oduction in Indonesia is predicted to be lowered than

10% in 2030 (IRENA, 2017a). Countermeasures
include the replacement of remaining 90% with
advanced biofuel and the method of expanding farms
for the production of first generation biomass. Using
advanced ingredients to produce biofuel can help to
develop technologies such as hydrolysis and pyrolysis
of cellulose. Therefore, problems of policy support,
tax benefit and limitations in technology need to be
resolved first.

Fg. 4 shows renewable energy investment of developed
countries* and developing countries classified by the
OECD. Despite the dlight reduction of investment by
developed countries until 2016, they generaly showed
a high ratio of investment. On the contrary, three
developing countries including Brazil, India and China
took the lead in 2017 with total investment of about
143.6 hillion USD. Looking at the ratio of renewable
energy investment (Fig. 5), solar energy takes up the
largest portion with an overwhelming ratio, followed
by wind energy and biofuels.

Solar power generation showed a 6% growth from
2016 to 2017, recording 4.7 billion USD. Wind power
generation recorded investment of 1.9 hillion USD.
Investment in the biofuels section was increased by
about 2% to 1.7 hillion USD® (BNEF, 2018).
According to UNEP, whereas corporate R&D expenses
are responsible for about half of solar and wind power
generation, government R&D investment takes up
about four-fifths of biofuels. Given such a difficult
Stuation, a 2% increase can be interpreted as a postive
outcome. Research on renewable energy in developing
countries is not as active as developed countries, mostly
due to the absence of advanced technologies and the
lack of research expenses. Accordingly, the scope of
biofuel research can be expanded by resolving these
problems.

34) Mexico, Chile and Turkey are excluded.
35) Vaues in Figures 4 and 5 have been rounded off.
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3.3.2. Enforcement of energy security and
sustainable policies

IRENA® expects that Indonesid's GDP will increase
from 0.3% to 1.3% by 2030 but it is only in the energy
fidd (IRENA, 2017a). Jobs related to renewable energy
will research over 1.3 million in 2030 which is
considerably higher compared to 101,800 jobs in 2015
(IRENA, 2017a). In addition, it is possible to solve
insufficient training on renewable energy by
establishing a technical education curriculum through
expansion of training in rura areas to create jobs.
REmap®) anticipates that energy intensity in ASEAN
economy will decrease up by approximately 30% from
2005 to 2025 and this mostly meets the ASEAN's god
to improve energy intensity (IRENA, 2016).
Discussions on sustainability of biofuel focus on
changes in direct and indirect use of land as well as
GHG emission (Frank et al., 2013). Recently, concerns
over negative effects of biofud on biodiversity and loss
of habitats were suggested. In conclusion, however, a
combination of REDD®*® and comprehensive policies
such as land use transition are considered to be
improving overall effects of policies in terms of
preservation of biodiversity (Frank et al., 2013). Each
government must strive to improve energy security by
reinforcing regiona and internationa  energy
cooperation, diversifying energy income sources and
developing renewable energy. As mentioned in chapter
2 and 3, what needs to be noticed when conducting
RFS and REDs is that the Renewable Fuel Standard
plans have been adjusted down in some cases. In Fig.
5, there is a difference in the RFS target and the actud
consumption of biofuel in Indonesia It is important
to learn that more practical and feasible plan must be
set rather than making an impractical plan.

36) International Renewable Energy Agency

37) Renewable Energy Roadmap from IRENA

38) Reducing Emissions from Deforestation and forest
Degradation
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Fig. 6. Indonesian mandatory biodiesel blending
targets and actual domestic consumption, 2010-2014
(IRENA, 2017a).
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Fig. 7. 2013-2040 Biodiesel supply potential and
demand by region (APEC, 2016).
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Fig. 8. 2013-2040 Bioethanol supply potential and
demand by region (APEC, 2016).

Fig. 7 and 8 show supply potential of biodiesel and
bioethanol in the U.S. and South East Asian countries
by year and country from 2013 to 2040. Bioethanol
demands in South East Asia are steadily increasing in
the prospect years because the transportation energy
demand is rapidly incressing whilst the potentiad supply
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is still low (APEC, 2016). Bioethanol production in
South East Asia cannot meet the increasing demand
from 2030 to 2040, and consequently, some countries
must develop and alocate the sources of advanced
bioethanol materials or secure additional supplies from
overseas producers (APEC, 2016). It is judged that
governmental supports are needed for some countries
to strengthen existing measures and set the higher
blending target to incresse the biofuel demands and
use available potential.

4, CONCLUSION

Biofuels are not something that only exists in
laboratories, but they are currently being used as an
dternative fudls. Considering that the U.S. and the EU
are implementing policies of bioenergy and biofuel at
a nationa level through RFS and RED, it is necessary
for ASEAN countries to actively establish policies in
this field. Furthermore, in an effort to diversify fuels
and cope with climate change, each government can
redlize sustainable policies by setting a god to gradualy
increase Renewable Fuel Standard for biofuels. It is
necessary to continue with research on technologies
that use cellulosic biomass and microalgae, which can
replace the first generation (conventional) biomass
considered as a food resource, in future. Subsidy
policies, tax benefits and smooth supply of fuels will
have a sgnificant effect in the development of biofuel
technologies of each country.

As a result of examining the situations of the U.S,,
Brazil and Europe with high availability of biofuels,
it is important to undersand the current status of biomass
resources in each county for active utilization of biofuels
in ASEAN countries. In addition, efficient economic
policies of the developed countries such as supply and
demand of renewable energy must be reflected to
establish necessary laws.

-+ Joon Weon Choi
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APPENDIX

(Korean Version)

AR A4S % ASEAN S719] vpole s &8 Wt 9 A

8 1 ASEAN =7z Fdidh gkt = A o] dE= ol FolA Qlo] 7I$Hsiz QIet s e =7ke] EHel
2 718clolrh o2 QI ASEAN 2 =717} 97 H= welE Ao R So)7] M= i‘7H° A7hs eSS
AF37] 913 lmeo] Fasieh. 7|5 wsto] tulsly] #i3h thaRt Wek T shidl vholeqim: o8 SHURE A=
ol miAE L Ansetal SAVEE A5 BIE EUE 4 ok Holed® A=l %’%‘ﬂr )=, Hepd2 ol
worol et Aok A gl FAE o7l e EEhA JFE I YU whE ASEAN 7oA e AFo] Al H A
2 ARl AU GRSt wheba], & Aol Hole R A= F, vpolofghe S m=dt Hebd, whol el
THY 9 AHEV)Q o EAA =} ol e B A 247) A EITh Bt o] & vig o R AA) AR )=
ASEAN =7te] dhol el S-gaetyt A2 RSt

LME

Aot Qg 4w AST 2 SR $7H 5O BARAL A0 BAZ Helom AU At
8o BE bt sjdaol & BT & 4 Atk ool wheb AAHOR BARE BAT 4 U AYAUA A7
2 w7 ik vlol SARE Bgate] oA Wi hEA JThEIEL 71} Sale} ofulx) Qb A, e 52
4 n84% 5ol 9tk

SEA] Hol QAR W AL Fo) AL nlaHo] 844 Bebale] Abgkgds 7]k Hhol Qofekeat £l EV)
A AR FoRRE ok o E|2et 34 A THEoIAl uto]erido] itk o] o AR olet 2ol BAA tAelz
24 ol §H T GloL} ASEANS w5t SR ol Hlolerlx 8-S $J3) U AN BAT 9t A Ael
itk A AR e 220 ABS AWl Fe7 Yort T AN Batel B ATAQ Holedz JYe
ARE AR | Ich, A o] o2 ASEAN S7joA10] B2 ulo] eolehe] B4 9 Ae] Bk ¢h7E st
(Heo erd Croi, 2017, 20} 714620 FAA0 5 clstel Blolo.cisz g Aol slol Algt o] T 18 SHelsla)
oh wheba] 0|2 MO 4 Qi WS BA o] AT AWSHA Holrh. WA BAA voleolere Ao Fmet 7|49
Ao AL 2450] Bmepo] thAsklo] S HE3 AFfolch(Kim, 2006). A A HAste] S Al Ao
217 AFE(Cho end Les, 2013; Park, 2001)4= 9lot} ¥ A= ASEANS] 4148 7|uko. el psglons 1 ojop} thecka
& 4 9t & ATOIAE Holoojeg F49] nlsut Hebd, 2w Hlel o)A F419) SUARMEY)Y T EUA =S
lolod R K AALS 717t A Hgkeh. 0]9} 317 Renewable Fud Standard(RFS)2} Renewable Energy Directives(RED) 2]
A2 AT AS 5 ASAT el oS nebd, 9319 ol SR BEUerS SIS Eg ASEANOA
A AT G whol eAR AR A AARGT, o] vheo R Aol o] Tl 43 A1S F3) ASEANS] @

Ao AN Barh qlis Bio] diet 32 AANES masen 22 BERY.

_19. _1\‘ m

2, Mz 3

2.1. RFS
RFSE= 20064 wl=oflA] o =] A2 of ofal] A=l om 20074, BISA of ofsf 1 #9p7t S fick ol vls i 5=
oA Hfole. AR SFEFES Fasly] el A2 AIE O, 37|14 ARGEE Hlo] AR /dL IHHE HIEEE 24

Hpo] @ ofehe3} vpo] 2t mEg ZRItBracmort, 2015). RFS 19] 8 W8-2 Hpo] 2ol o] o &3hE A4 RIN &

7|Hko 2 3 A 28T ARIAF TelS 9Jet Aul WA 23+ il 9lri(Cho and Lee, 2013). DOE of wh2 i, o]3 ShAjaj=
STEE vl AR FE eAY 87 ARFE 2H8te GAARRE RING FIte 2 A 7hsd 44 Ad &
FEAIA 5= Qlek uhebA, 3 719 ol A rlo]e. AR o] ¢ whEe] RING EAskal glofof sk v whoF I3l rhd

- 590 -



Biofuel Utilization and Implications in ASEAN Based on Case Analysis of Developed Countries

512 o) 32,500 USD7} W20 2 HileltiCho and Les, 2013).

a2y RFS 9] H3to| S5314) Jahe 4-97F A st 2Ash= ARI7E AZAL, 20109, RFS 1(2007)2 H.eks}7]
9Iafl RFS 117F 5788k H0eh. o= RFS 13} g2 FA|12 0= Hiol e AR o] Fiof tfsto] Xé—JOP‘}“iﬂ, ojof mhE AAA
ol FEAE HRE AASHATH(Bracmort, 2015). DOEf|A Aot ol AR Afof vluste] 7] &4d7hs
(CHG) = A59] 54 24 ZxgtS 2/dsior sfn] 1 7|&2 o5 2k 1)71E W) Hpoledds - AF7] GHGEJ
2001 5, DHT Hpol AR - i vio]eu A - 50% o) A5, ii. HEA| Hfo| AR - 60% ol #E& 8%t
uls SRS (EPA)S RFS 23S #e|stal EISA Wil oA & g3 A& 7Rl whet 2t 7hg|ane] o] ¢
LTAE AAITHDOE, 2017). AubAoR vls o Hoa & B7 ol e dr o) ojragtgo] Faked of& At
A3l Zhzre] AEAeE EIA |, USDA |, DOESLY] B85 53 oixl ARl ArAela 13 &£ 59 ARE HigoR
B7FchBracmort, 2015). 17 10]41= sjotet thAl2 o2 F7ishe viol iR SR ERES A5t Qlok YA vl
& 2ol WA uto] 2. A= (Conventional) 2} vio] @ oA} Bl usto] SAA vio] e ARel Yt ol e dRe S7F Fde
EO]L 7_]0 o]— /\ o]r,].

2.2. RED

EU= 20094, AA7HsllWA] ZZ(RED)S Aldstdstl, 1 HEi+e Zh 571 = A guict o227 4= 1 9t
RED+= Hpo| @ ofeh-& 3} vio] QT Ay} -2 Hpo] @ AR O] AR §J5t 4 428 HAgo 2N GHG & ¥ stdd=
AJEEE £017] 9Jg AFo|tkDixon et d., 2016). FHYYYYE] oA 2020977 =% Hofol|A] Hlo| e ARE
10%714] 2744710 6%2] GHG 7H&-S 2132 44319 th(Dixon et a., 2016; EU Commission, 2018). =3t xHAg oyx|
Holol| A= 20161 0] 2030 W7HA| HA| ovz] Hagke] 4 30% F5S SRR Ao BERe] 7 10%0]|A]
~9Hle] B 49%7kA] =7tttk o2 BERE 7HAA Qlok 2Ea 1d $91 20179 12€0]] ARl R] Hobg 27%R
ExE ol 24sl9et B EU 7HEL o|gfet BiE Foll 2d e /W R w7t BRE AMA T 4 oot
(Coundil of the EU, 2017). RED: EUZ7ISa 1 9]¢ 2715 7] @S B3] AAoya] BES SAFeE =g
Bk ofy gl BUOA AATE ALY AH]Els BE dHlo] e ARl i) A&7Hsota 2EHE Q] B o2 HAaksty] gt A<
7Fs/d 7182 AARTE L A2 He Hlo] 2 AR 9] HA MR8 2021 dof| X4 05%0] A 2030 Hof| 3.6% o] o=
AAH o2 Z718 2107 dEEy o] 3o AHLEJL Y Holuj Al ot 2 V&S FEoksith (1) ¥ AE
TR 7HIE 7HAH, (2) B4 EF 7R W EXoA A YRS 7[8te 2 AYAbEl= Zlo]ojof ghi(Coundil of the EU,
2017). vfo] @ A& Ak 712 ot A& 7HsA 71E B Y AP oA Adste A AR T3 £
HE S & 4= ok 2 o)A ok vholodRs F2 WY 7]Rken o] & Heke}r| $J3) 201619 RED IS
A A ekt lt 2030dE 7|50 2 6.8% HE EES ZRE s 7|E REDS} 2] Y AEE sjAsH e vt
9RE 7|F2 2 SHEU Commission, 2018). E3t, 7|& RED7} g2 3FAte] AF7] GHG wj&H &9 9% & 53}
ot Ao R ofEgl H7t GHG s & = =R Bel 7|EE A 1) B2 Al B9 ol4latil A wiE, 2)
1549 718 & A &Y 3) T A5 5 2 2 A9 W& 5ol 23k

o

>

3.Zn ¥ 1

]

3.1 vpojedr AR AL

311 v

a2 AlA| ofghee] Aut 77k F& ARSI 1 YR fREE S44E 7o R AAkE ). 20094 o= 19 70041,
20109 9f|i= 1] 1,2007H9] S5 oflghg AJito] o]88t¢l=d], ol= Ul% S AYAkeF A ek 389 1, AJA AYakek
9] 13%L} Ei= 9Fo]tHGoto, 2012).

EPA= @A) E10 oA E150] s HEstaL glon] odA] ohe A4S flalf vtoledds wofol et A™e Adsta
ATHPark, 2011). o= A4 vpoledzo] F=53taL =l ofE A8 232t FollA= 7]—“%01] o ’2‘1‘/1\“/15
o l:i

S Hlo]QolEke 1A T ABHEL] HHTA A% HAS sl QlriPak, 2011). Goto(2012)] ¢JaHd, 1|2 1978
g Hpo] @ ofghE-& 10%0| 4t Z3He Ffol tieh AHAlE HHs] $hom 2004 of 4 ol gk F-du] vl-8of qm
N HZA] 5 choFet o] edm Lo als =a) gick = T9IR B, deji=o] o] 107] 7} g A 7, vl aet
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&) 1774 F7} vpo] oflehe iAol tigh B Alfstal itiGoto, 2012). 17 29 4= vl W 8 TAloflA o agt
Bl gk voleoE-E Aikste FEAAe AAHE Ul AL R 3 SRS Ailshe 32 Axnka SA

A g Bz AYSIGTHAPEC, 2015). ey o3t Hitw Hl-§o] Uit wrial HHE7AL Ho| AR 9| 0] E5E
ot k7ol 7hsotths 232 8k Qlth A=, EPAE 2007 Aol ©J3]7} 14 3t 2225 ©f A/ of n|x|A]
T3l o, 2016 |7HA] & 1809 s/ o4O &, o] 202277 150 o AR/ <] upo] Qofehe-S Akt HoR
BRE 513 2439 cHAPEC, 2015; APEC, 2016).

312 vgka

Hele 19734 Yojit A 134 A4 R kolxl HAAR 29le] o|EAS Fol7] 9ia) 19759 v} A7e w2
2(National Alcohol Program)o] 7415 9ic}. 201110 vlo] @ oek&o] 7kg4o] ol Yo} BRAH E2BE $2a14 &
ok E2071) HolFont 20124 6%e] 381500, 20154 O|RETHE O E27R Z7F5IIEH(USDA, 2017). Hlo] 2 ofjehe
o] Al 4ujEre EZETE BOT 8 4 ol ol 71T E QolE FRV 9o 28 Aol £ ofeke S 25}
uj o]t} (Brazil biofuds, 2016). BakAo|A] eI thrre] vho] @ oehe-e FujelA] AulE Algs: 7]utol o o]
AL 200340 oF 3] 96002 Eoi|A] 2000e] of 69 7,139 £ 2 Sojytig] o= Guluko of 1787} Sofstri
£ 4 9JtGoto, 2012). 2004 1295 Heb e ARA o vlolor)d A Z715 97 7] Ho] ori A A 9 ALE-
=279 & AASIACHBral biofuels, 2016). o] 2 1e] BR: WE, H4 L FHd 2AE 27ein, vhol 2.t Ao
3 ol RS Aelsla, Aol 4907 55 248 Sgals Aotk USDAROLT) ofald, =7} o] aig)el
L ouEds Bz 20174 B 8 20189 BY, 201990 BIOBISA A3 271 A4 AL aFeldlh A=,
USDA(2017)0]] w}2 9, 20174 1] 1f vlo] @ ojehe ojmake. E27 2 3t uhyl, vlo]orie] 49 B8R Z/teteitt.
Belg vlol ot 9=o] 7P AuHAQl $39] F o] 9T AL GHG Ml RFS 119} RED 7|20 212k 5799} 31%
4471 Ao B71EIchDirectives, 2009). Tejt} Bepd vjolelr HMlAL B A% Tpy 7jR0] MER
o G, GHGHZE 113 423} 7174 B4 o] E3 1¢¥)%) o=ri(Bradl biofuds 2016). He} Aol A AAkE)=
Apg}2ede 7]k oeke-e EPAS] RFS 110] 27 61%2] GHG uj&e 73] 7|olgt T 7}5 9.0, EUS| RED 7]%9]
o5t oF 71%¢] 7& IS FHAThn H7hE St (Directives, 2009). 1% 20|44 BetAo] xof §l & Ww 1Esiel
bl Zo]o] & 10]4 7] % (Ministry of Planning)oll A 4743k 20174 79 @7 Helde] 2t o] nl2 |OMS & Hojz
o). o] o ofehgo] HilEs ICMS: 12 ~ 30% Thpaln] Fukg-o] A9 17 ~ 34%o|th. BE] 72, vlo] oofeey
71elo] IOMS7} 27U 7Heelo] B 58 497} tsimoln] o] Aow Qla) utol@.dlw Aldtel] ojgt AR dejo] ZAg}

[e] s
= AZ & 4 ok

fot

313 93 AIEV)

EUL 2010610] slo] 9T 8162 AAk317] Sl oF 1680uke] A5t sulebs] 5ol AMEAE Avlsiaid, ot s
A 7R9) 7%l 7H7he: oleh(Goto, 2012). EUS] 44 So vho] @ g1z 20002013 W] A4 F Az AHgefel
o %5 AA|5H 0w, o] %, solor)to] T5%e| B 58S AAI3cHBoutesteijn et ., 2017).

A7 UL REDZ 5 2020474 @A) U] 4le] 20k 3 £ AR 509 1007 AOIUA 0L 73S Bz
ARSI, ol oo $E (Mol 997 2 vol or2)o] AWHOR 7|ofg A0 R AL} (Frank e dl., 2013).
2 EUSZHE A2 B2 7hg A4 183t oA A4S ) gl ol 2t Sluld REDE 24517 913 o
235 T Gk AL oStk 20200 71E02 20079 §31 BALE Zho] ol oA WEAY 4 e
44 A7 5 o] AR 9] ARES 20104 5.75%¢0f A 20209 10%7tA] 71 Al A& 838 THCho and Lee, 2013).
EU Commissong 2030417H] EU 2% oful#) Zulofa] 2z 27062] Aaelul ) Baol gt Alohie wrEsch 24
A3 gl RED Behe] 10 ofstollA] 2991e] 49%bA) chafsiel. olefeh BEE gt A4 AFS 2 27k 24
2712 HIAE A,

£ 2049} o] A% EU SbolAl 2 ol o dlmo] Bt )R BAES AFeta gl Rohore] ok E
Hlgo] 74 9kom 1 Flk 0 AEole} Asolo] 112 o|9lm, T HokoAlk Erholet Asiele] 3% 19], theo2

- 592 -



Biofuel Utilization and Implications in ASEAN Based on Case Analysis of Developed Countries

g A8t 9 AER0l £07 =9kt)

EoloA Ho] 9l Tk £ Alsjalo] 201471 6259714 AME-S O stslgiriPak, 2011). dlit A9 wow
L 37 5 AR U 4 Qlt AR, AE A 22 A9 RS Alpeks AT B4, JREFAEs 2L AAS
Apsozn volo AR A% A% A48 BAsel AT TASH HEE AR JRo| A HerS aslels Ao|
9tHCho and Les, 2013). 3k, =04 o] 2008 49%E 245 AYREAR 22T & FYAT] o] 2o
AL oldely] gt 2ARA AR Yol A BoljEls 71Eet O ol dRS 4 25%014 EFtslES 8l
glon] 20134714 S4ela ol 526%S vlole AR g AL BEE ANSHCHPak, 2011),

o

3.2. ASEAN Hlo|eds ¥ A%

AN A AL SO ot A SR & = Jlon, fEAOR Amdrloks AA Aol 7 2 2
ARy, O ERHE P2 A QEdA|oke 2025714 B3OS AZSHAAL, F A AelA F MAR 2 HEs AR
TelojAlokz 2T B79A BI0C2 w9 AL URSIGITHAPEC, 2016; IEA 2017). & 30]A= 7 ASEAN =714
AstaL Qe oFERES S BPle A w2 AR lmvAofel eue o] Lofehy E3te B207HA] S7HA1Z
AR BEES AAsIGIh vio| et el A9 dEvAol= B3, e B0 BixE Alglew = 217t E30¥} B202|
SRS AASIAh ER 2T, voledme] S A7) el tiiEe] ASEAN 57152 R&D Ak 2, HEw
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