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ABSTRACT

The rate of Indonesian oil imports has increased from 1980 to
the present, despite fluctuations. The transportation sector is
the largest oil consumption above the industrial and
household sectors. The availability, price, and environment
factors also make a reason to think about cleaner fuels.
Therefore, we conducted a review of the experience of
implementing alternative fuels. At present, LPG, CNG,
ethanol and biodiesel are good candidates to replace
conventional fuels for land transportation in Indonesia. For
gas-based fuels, LPG is relatively easy to implement because
it only requires a slight modification to the engine but it is not
suitable for the future because it is a refinery product. CNG
provides advantages over LPG. The lower carbon content and
high octane number provide better environmental effects and
can be applied to machines with a higher compression ratio.
For biofuels, ethanol has almost all the main characteristics
for cleaner Sl engine fuels. Indonesia has abundant
biodiversity to produce ethanol. However, large-scale
production will conflict with the availability of land for food
crop production. Biodiesel has been produced on a large scale
in Indonesia. Palm oil, Jatropha curcas, sunflowers and all
seeds containing oil can be planted on all islands in
Indonesia. One feature of biodiesel is that it can be applied
independently or mixed with diesel oil. With improved
quality, biodiesel can be applied to diesel engines without
engine modification. This makes biodiesel more feasible for
diesel engines than ethanol for gasoline engines.

Key words: Alternative fuel, Land transportation, LPG,
CNG, Ethanol, Biodiesel.

1. INTRODUCTION

Between 2013 and 2025, the Indonesian population is
projected to grow at 0.7% per annum while GDP is projected
to grow at 4.6% [1]. In turn, the economic growth combined
with population growth will result in higher demand for
energy. In 2000, Indonesian gross energy consumption was
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BOE 777,925,086. This increased to 1,114,766,960 BOE in
11 years period, or in total reached 43.3%. As of 2017, the
transport sector has grown to be the largest energy user,
consuming 574,795 thousand BOE, or 46.58% of the national
energy consumption. Transportation energy growth is
worrying because of the increasing automotive market.
Although automotive manufacturers are promoting
fuel-efficient cars, it has not been able to compensate for the
increase in the number of vehicles.

In addition, from 2000 to 2011 oil production decreased by
4% annually due to the depletion of reserves while additional
exploration and development spending was insufficient [2].
Therefore the key challenge facing Indonesia's energy sector
becomes the sustainability issue. Considering that Indonesia's
oil consumption has now exceeded Indonesia's domestic oil
production, increased oil demand would put growing pressure
on the economy as a result of increased oil imports. Therefore,
Indonesia will promote and facilitate the use of renewable
energy to achieve energy control, including energy
management, the coordination of energy sector legislation, as
well as the development of technology for high energy
demand, in addition to optimizing different sectors of heavy
energy use, in particular oil consumption. Therefore,
comprehensive efforts and cross-sectional coordination to
reduce oil use in the road transport sector will clearly make a
significant contribution to overall national oil consumption.

In 2014, the Indonesian government established a National
Energy Policy (KEN) through Government Regulation
Number 79 of 2014. The basis for the issuance of this
Government Regulation (PP) is article 11 paragraph 2 of Law
Number 30 of 2007. The stipulated KEN also been approved
by parliament through DPR Decree Number 01/DPR
RI/111/2013-2014. As is known, KEN is a guideline to provide
direction for national energy management to support
sustainable national development. Therefore, the future
direction of energy policy is guided by the paradigm that
energy resources will be used as national development capital.
The establishment of KEN aims to: (a) realize energy
management independence, (b) ensure the availability of
energy and meet the needs of domestic energy sources, (c)
optimize the management of energy resources in an
integrated and sustainable manner, (d) increase the efficiency
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of energy use, (e) ensuring fair and equitable access to energy,
developing technological capabilities, the energy industry and
domestic energy services, (f) creating jobs and controlling the
effects of climate change and maintaining environmental
functions. Subsequently, the KEN was revealed to be the
National Energy General Plan (RUEN). RUEN is prepared by
the Government and stipulated by the National Energy
Council for a period up to 2050 which contains the current
national energy conditions and future expectations; national
energy vision, mission, goals and objectives; and national
energy management policies and strategies [3].

At present, accelerated vehicle retirement programs
(AVRPs) for older vehicles with low efficiency may be an
effective way to reduce fuel consumption and emissions
[4]-[6]. However, the AVRPs program seems to be still
difficult in Indonesia because of policies and related to the
national economy. Incentive schemes for the purchase of a
new fleet require cross-sectoral coordination while
considering community purchasing power. Meanwhile,
implementing strict standards on road vehicle emissions
might stop some of the fleet and risk threatening economic
growth [7], [8]. Seeing these conditions, replacing
conventional fuels (gasoline and diesel) with cleaner
alternative fuels is a reasonable option. Therefore, this article
presents a review of alternative fuels that might be applied in
Indonesia for the present and the future.

2. METHOD

In this study, we conducted a review of three types of fuels that
could be applied for the land transportation sector in
Indonesia, namely LPG, CNG, ethanol and biodiesel. LPG,
CNG, and biodiesel have been implemented for a long time
with good consumer acceptance. Meanwhile, although
ethanol has not been practiced commercially for the
transportation sector, Indonesia has abundant local plant
potential for ethanol, such as sugar cane, cassava, tubers and
all biological natural resources that contain cellulose. An
overview of each fuel will be presented, including a report on
its implementation. Then, we will make an evaluation of the
opportunities and challenges for implementation. Finally, we
will make a conclusion and recommendation as a reference
for policymakers and practitioners to make the right choices.

3. RESULT AND DISCUSSION

3.1. Liquefied Petroleum Gas (LPG)

LPG is the most common alternative fuel for SI engines, but
overall average energy consumption in the transport sector is
still small. For only a few countries, such as the Netherlands,
Turkey and Poland, LPG makes a major difference to
passenger vehicles. In developing countries such as India and
Turkey, during 2013-2017, there was an increase in the
number of LPG vehicles but tended to decline in developed
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countries such as South Korea and Japan because of the
penetration of electric vehicles that were more
environmentally friendly [9]. The high octane number
(especially propane) enables it to be applied to Sl engines with
higher compression ratios so that its thermal efficiency is
higher. LPG fuel consumption is lower than gasoline but is
usually still higher than diesel fuel consumption. NOx
emissions produced by LPG engines are close to gasoline
engines but are lower for other emissions (CO, HC) than the
use of gasoline [10]. This is one of the benefits of using LPG
for LDV (Light Duty Vehicle) vehicles. At ambient pressure
and temperature, LPG is stored in a liquid state at a pressure
of 6-12 bar. In vehicles, LPG tanks are bigger than gas tanks
for the same energy content. It is almost twice its size and
weighs more than 1.5 times that of a gas tank to hold the
amount of energy equivalent to gasoline.

A relief valve is installed in the tank as a safety if the LPG
pressure rises above 20 bar. LPG tanks in vehicles must not be
filled more than 80% to 85% of their capacity. The remaining
15% to 20% space is used for compensation space when fuel
expansion occurs due to temperature and pressure increases.
LPG is generally considered a safe fuel. When a leak occurs,
LPG vapors tend to approach the ground surface. For this
reason, in some countries it is forbidden to park LPG cars in
lower basement parking facilities. LPG is easier to blend with
air and more flammable than gasoline and diesel. LPG is safer
because the tank is designed as a pressure vessel, so that
during an accident there will be almost no fuel spills [11].

In Indonesia, the application of LPG to LDVs as public
transport has begun since 1988. Nevertheless, it will not grow
for the next 30 years. In the 2007s, the government introduced
LPG as an alternative fuel for road vehicles [12]. Government
incentives are initiated by providing free-of-charge converter
kits for public transport in many cities such as Jakarta,
Surabaya, Bogor and Palembang as a pilot project. Over the
period 2007-2011, more than 5000 LPG kits were promoted
for public transport. The Government provided technical
guidelines on requirements for converter Kits, infrastructures,
workshops and technicians. Then, Pertamina as one of the
state-owned enterprises are slowly building a refueling site
network in many cities. Now, LPG refueling site has been
available in Jakarta, Surabaya, Bandung, Bogor, Palembang,
Semarang, Solo, Yogyakarta, Denpasar, and Magelang [13].
However, the infrastructure available for PG is still far behind
the infrastructure for gasoline [14].

After implementation for taxis, public transportation and
private vehicles, in 2016 PT Garuda Indonesia (a
government-owned airline) required all crew to switch to
LPG. However, promotion of the use of LPG for a broader
scale is still constrained, the high cost of conversion and
availability of gas stations is still a reason for refusing to
switch to LPG. Various implementation studies are also
carried out on a massive scale by scholars [15]-[20].
Although switching from gasoline to LPG is economically
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profitable, this conversion program is sensitive to fuel price
ratios (LPG to gasoline) and daily mileage, except for public
transportation, with government financing schemes
[21]-[25]. Figure 1 presents a photographic view of LPG
implementation in Indonesia.

C\ism =]

Figure 1: Some photographic views of LPG implementation for
vehicles in Indonesia: (a) Activities at the gas station, captured by
beritatrans.com and (b) Inauguration of Garuda Indonesia Airways
crew vehicle operation with LPG, captured by kicaunews.com
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3.2. Compressed Natural Gas (CNG)

Compressed Natural Gas CNG, especially methane (CH,), is
the only fuel that requires almost no significant processing for
automotive use. Methane occurs naturally in the earth's crust.
Natural gas only requires drying and purification in the form
of removal of hydrogen sulfide (H,S). Natural gas is
converted into synthesis gas (“'syngas™) and becomes a raw
material for producing methanol and DiMetil Ether (DME) as
well as for hydrogen recovery. Italy, Argentina, New Zealand,
Russia and the United States have a significant natural gas
vehicle (NGV) fleet, but are not yet the dominant motor
vehicle fuel. Countries that already have natural gas
distribution channels can promote it as a relatively easy
vehicle fuel. However, for countries that do not yet have
reliable infrastructure, it requires very expensive investment
to build. These constraints make natural gas less an option for
solving short-term problems.

Like LPG, CNG has a high octane number (120), which
allows it to be applied to engines with a higher compression
ratio and can increase thermal efficiency by around 10% from
gasoline use. The efficiency of NGV is generally lower than
the use of gasoline (15% to 20%). Under ambient conditions,
natural gas has a very low energy content, but in liquid form it
is as good as LPG. Natural gas storage pressure (CNG)
reaches 200-240 bar, so it requires equipment and
infrastructure that is far more expensive than LPG.

Indonesia has potential reserves for CNG production. This
presents an open opportunity to implement CNG for
transportation [26]. Currently, CNG prices are very
competitive compared to subsidized gasoline and diesel.
However, this price difference has not been an adequate
incentive to stimulate investment in CNG refueling
infrastructure by the private sector and the general public has
also shown an unwillingness to adopt CNG as a
transportation  fuel [27]. However, the consistent
implementation of CNG for buses such as TransJakarta,
Trans-Semarang, and Bajaj is proof that CNG is more
promising than LPG (Some photographic views of CNG
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implementation is presented in Figure 2). Indeed, in
wide-scale implementation, investment for CNG is more
expensive than LPG to build infrastructure.

Like LPG, many studies report the benefits of CNG for the
transportation sector in Indonesia compared to gasoline and
diesel [27]-[30]. CNG has better environmental effects than
LPG and gasoline. However, due to its properties, the
volumetric efficiency of CNG is lower than that of gasoline
and LPG, which makes one of the reasons for the decline in
engine power output. Expensive conversion costs can be
completed with a government-funded conversion program or
by providing incentives for vehicle owners who want to
convert their vehicles to CNG. Incentives can be in the form
of fiscal incentives including vehicle ownership taxes and free
supply of converter equipment [31].

s P
Figure 2: Some photographic views of CNG implementation in
Indonesia: (a) Micro fleet, captured by republika,co.id; (b)
TransJakarta, captured by investor.id; (c) Trans-Semarang, captured
by infopublik.id; and (d) Bajaj powered by CNG, captured by
senayanpost.com

3.3. Ethanol

Ethanol is usually derived from biomass/plants that contain
sugar, starch or cellulose material, and not from natural gas.
Ethanol is produced through the fermentation process using
yeast. Ethanol can be used for Sl and CI engines with several
modifications. Currently, the price of ethanol reaches 5 times
that of gasoline, so it is not feasible to be used as an alternative
non-mixed fuel. Utilization of various food crops as ethanol
raw material will cause socioeconomic problems for large
scale production.

As an alternative fuel, ethanol has the advantage of being
renewable and having a higher octane value than gasoline
(107 RON). 1t is possible to apply ethanol on engines with
high compression ratios (up to 19.5) to increase thermal
efficiency and exhaust emissions. Meanwhile, for ethanol
applications with high concentrations, modifications are
needed not only in the compression ratio but also in some
engine components so that the vehicle can run smoothly and
prevent damage. In one study, with a complex engine control
system and an optimized exhaust recirculation system, cars
running on the E50 were able to produce fuel efficiency
equivalent to gasoline cars [32].
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However, ethanol contains dissolved and insoluble
elements [33]. The soluble element is a chloride ion which
has corrosive properties. These ions will attack the anti-rust
coating on metals so that it will corrode and increase the
conductivity of the fuel. Soluble elements, such as aluminum
hydroxide, will clog up the fuel system. Ethanol is
hygroscopic which absorbs water vapor directly from the
atmosphere. The water content in ethanol will reduce
combustion energy and cause knocking on the engine. To
avoid this risk, ethanol must be sealed during storage.
However, it will be difficult because in the fuel tank
ventilation valves must be provided to prevent vacuum.

Corrosion will damage metals, including fuel tanks, fuel
system components made of plastic and rubber, injectors, and
deposits [34]. In 2001, several vehicle models using alcohol
fuel in Japan were reported to have leaked fuel and caught fire
due to corrosion on aluminum fuel system components. Then,
the investigation is carried out by the team. To prove this,
immersion tests are carried out on metals and other materials
used in the fuel system to determine corrosion resistance to
ethanol contained in fuels. The results of this study indicate
that high ethanol concentrations cause corrosion in fuel
system components made of aluminum [35].

In Indonesia, despite having abundant biological resources
for ethanol [36], [37], the practice of using ethanol for
commercial vehicles is currently not done. Provision of
facilities and ethanol prices are much higher than gasoline,
making this clean fuel not feasible to be implemented at this
time. However, policy packages and advances in production
technology such as in Brazil can be adopted in the future
[38]-[40].

3.4. Biodiesel

Biodiesel can be produced from various plants which contain
oil, soybean, sunflower, and coconut. In a term commonly
known as RME (Rapeseed Methyl Ester). Esterification is an
inexpensive way to convert vegetable oil molecules into
molecules similar to diesel oil hydrocarbons, even though the
cost of biodiesel is still higher than diesel oil. With properties
very similar to diesel fuel, biodiesel can be directly used on
existing diesel vehicles and mixed with fossil diesel in any
ratio. Biodiesel has a lower energy content than diesel oil
(about 8%), but has a higher density and results in better
ignition quality with a higher cetane number.

Biodiesel is a renewable biodegradable fuel that can also be
produced from vegetable oils, animal fats, or recycled
restaurant fats. Biodiesel is a substitute for burning cleaner
diesel fuel. Biodiesel meets key properties as a Cl engine fuel
as a whole from the Renewable Fuel Standard. The
performance of biodiesel in cold weather depends on the size
of the mixture of biodiesel and raw materials to make it. In
general, the smaller the percentage of biodiesel in the
mixture, the better its performance at cold temperatures [41].

3787

The national palm oil-based biodiesel industry growth
significantly in 2018. Two drivers of this massive production
exist, B20’s national expansion into the non-public transport
sector and huge international demand. Domestic demand is
expected to increase significantly in the transport and
manufacturing sectors in the coming years. In the meantime,
exports are expected to remain strong on the basis of
continued EU and Chinese demand [42]. Several studies
report on the possible production of biodiesel in Indonesia and
several researchers believe that biodiesel can be used as a
single fuel or as mixed fuel in transport and industry, such as
fishing boat fuel and agricultural machinery [43]-[48]. There
is also much fundamental work for the enhancement of
property and the assessment of its use in the automotive sector
[49]-[53]. This is not only the case with palm biodiesel, but
also biodiesel from the biodiversity of Indonesia [54]-[60].
Examples of commercialization and promotion of biodiesel
are presented in Figure 3.
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Figure 3: The implementation of biodiesel in Indonesia: (a) B20
available at almost all refueling sites, captured by
radartasikmalaya.com; and (b) Promotion of B30 by Pertamina,
captured by otomotif.kompas.com

4. CONCLUSION

LPG, CNG, ethanol and biodiesel are good candidates to
replace conventional fuels for land transportation in
Indonesia. Nevertheless, they have unique characteristics.
LPG is relatively easy to implement because it only requires
minor modifications to the engine. With the right conversion,
savings and environmental effects can be received. In fact,
new cars available in the Indonesian market have been
adapted for LPG applications. However, LPG is a refinery
product, its production capacity depends on the availability of
crude oil. In the short term, maybe 10 years into the future,
LPG is still promising even though this is not a good fuel for
the future.

CNG provides advantages over LPG. The lower carbon
content and high octane number provide better environmental
effects and can be applied to machines with a higher
compression ratio. In addition to Sl engines, CNG is more
reliable to be applied to diesel engines. Indonesia has
abundant natural gas reserves to produce CNG at more
competitive prices than LPG, gasoline, and diesel. This
availability factor makes CNG more promising for current
and future fuels. However, although both are gas-based, the
implementation of CNG requires greater investment than
CNG, from the provision of infrastructure and conversion
costs.
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Ethanol has almost all the key characteristics for a cleaner
Sl engine fuel. Although the energy content is lower than
gasoline, technological advances can be applied to improve it.
Ethanol is suitable for vehicles designed specifically for this
purpose, but requires major modifications to existing
vehicles. Indonesia has abundant biodiversity to produce
ethanol. However, large-scale production will conflict with
the availability of land for food crop production.

Biodiesel has been produced on a large scale in Indonesia.
Palm, Jatropha curcas, sunflowers and all seeds containing oil
can be planted throughout the islands in Indonesia. One of the
features of biodiesel is that it can be applied independently or
mixed with diesel oil. With quality improvements, biodiesel
can be applied to diesel engines without engine modification.
Large-scale implementation of biodiesel for heavy-duty
vehicles can reduce oil imports. With adequate policy
support, biodiesel production can be significantly increased
by utilizing Indonesia’s biodiversity and domestic workforce
from upstream to downstream.
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