A TRANSITION TOWARDS LOW CARBON TRANSPORTATION

2

A TRANSITION TOWARDS LOW CARBON TRANSPORT
IN INDONESIA: A TECHNOLOGICAL PERSPECTIVE

IMPRINT
A transition towards low carbon transport in Indonesia:
a technological perspective

Author :
Julius Christian Adiatma

Acknowledgments
The author would like to thank Damantoro (MTI) and Putu Juli Ardika
(Ministry of Industry) for the insights and information; Ciptaghani
Antasaputra (ITDP), Agus Tampubolon, and Idoan Marciano (IESR) for
the data contribution; and Fabby Tumiwa and Jannata Giwangkara
(IESR) for the suggestions and ideas in completing this study.

Reviewed by
Dr. Alloysius Joko Purwanto (ERIA) and Pamela Simamora (IESR)

Edited by
Pamela Simamora and Fabby Tumiwa (IESR)

A TRANSITION TOWARDS LOW CARBON TRANSPORTATION

Abbreviation list
ºC		
Aprobi		
		
ASI		
BAU		
BEV		
BNEF		
BPDPKS
BRT		
CAT		
CNG		
CPO		
CO		
CO2		
EPA		
ERIA		
		
ETC		
EU		
EUR		
EV		
FAME		
FCEV		
Gaikindo
		
GAPKI		
GDP		
GHG		
GIAMM		
		
GW		
HEV		
HSR		
HVO		
IATA		
		
ICAO		
		
ICCT		
ICE		
IEA		
IESR		
		
IIEE		
		
IMO		
		
ITDP		
		
ISPO		
km		
kW		
kWh		
L		
LCEV		

: Degree Celcius
: Indonesian Biofuel Producers 		
Association
: Avoid-Shift-Improve
: Business as usual
: Battery electric vehicle
: Bloomberg New Energy Finance
: Oil Palm Estate Fund Agency
: Bus rapid transit
: Climate Action Tracker
: Compressed natural gas
: Crude palm oil
: Carbon monoxide
: Carbon dioxide
: Environmental Protection Agency
: Economic Research Institute for
ASEAN and East Asia
: Energy Transitions Commission
: European Union
: Euro (currency)
: Electric vehicle
: Fatty acid methyl ester (biodiesel)
: Fuel-cell electric vehicle
: Indonesian Motor Vehicles 		
Industries Association
: Indonesian Palm Oil Association
: Gross domestic product
: Greenhouse gas
: Indonesian Automotive Parts 		
and Components Industries 		
Association
: Gigawatt
: Hybrid electric vehicle
: High-speed rail
: Hydrotreated vegetable oil
: International Air Transport 		
Association
: International Civil Aviation 		
Organization
: International Council on Clean 		
Transportation
: Internal combustion engine
: International Energy Agency
: Institute for Essential Services 		
Reform
: Indonesian Institute for Energy
Economics
: International Maritime 		
Organization
: Institute for Transportation and
Development Policy
: Indonesian Sustainable Palm Oil
: Kilometer
: Kilowatt
: Kilowatt hour
: Liter
: Low carbon emission vehicle

LCGC		
Lge		
LNG
LRT		
MEMR		
		
MMSCFD
MoI		
MoT		
MtCO2e
		
MTOE		
MWh		
NDC		
NDPE		
		
NG		
NGV		
NOX		
N2O		
OECD		
		
PASPI		
		
PHEV		
PIKKO		
		
		
PLN		
PSO		
PV		
RAD-GRK
		
RUEN		
RUPTL		
R&D		
SOE		
SPR		
TCO		
TOD		
TOE		
TWh		
UCO		
UK 		
US		
USD		
VA		
WTW		

: Low cost green car
: Liter gasoline-equivalent
: Liquefied natural gas
: Light rapid transit
: Ministry of Energy and Mineral
Resources
: Million standard cubic feet per day
: Ministry of Industry
: Ministry of Transportation
: Million ton of carbon dioxide 		
equivalent
: Million ton oil equivalent
: Megawatt hour
: National determined contribution
: No Deforestation, No Peat, No 		
Exploitation
: Natural gas
: Natural gas vehicle
: Nitrogen oxides
: Nitrous oxide
: Organization for Economic 		
Cooperation and Development
: Palm Oil Agribusiness Strategic
Policy Institute
: Plug-in hybrid electric vehicle
: Association of Small and Medium
Automotive Component 		
Industries
: State-Owned Electricity Company
: Public service obligation
: Photovoltaic
: Regional Action Plans for the GHG
Emission Reduction
: National Energy Plan
: Electricity Supply Plan
: Research and development
: State-Owned Enterprises
: Strategic Petroleum Reserve
: Total cost of ownership
: Transit oriented development
: Ton oil equivalent
: Terawatt hour
: Used cooking oil
: United Kingdom
: United States
: United States Dollar
: Volt-ampere
: Well-to-wheels

3

4

A TRANSITION TOWARDS LOW CARBON TRANSPORT
IN INDONESIA: A TECHNOLOGICAL PERSPECTIVE

Executive Summary
The transport sector has contributed significantly
to the global greenhouse gas (GHG) emission with
about 14% of the total GHG emission in 2016.
Without a meaningful decarbonization policy
and program, the transport’s GHG emission is
expected to increase faster than the other sectors,
from 7.2 GtCO2e in 2010 to 12.8 GtCO2e in 2050.
This increase in the emission is due to the burning
of fossil fuel, more specifically petroleum fuels, in
the transport sector. Petroleum fuels have served
more than 90% of the energy demand in the
transport sector.

the domestic demand. According to BP’s statistics,
Indonesia’s net oil imports (including crude oil and
refinery products) increased from 54 thousand
barrels per day in 2003 to 814 thousand barrels per
day in 2018. The heavy dependence on imported
oil jeopardizes Indonesia’s energy security and
makes it vulnerable to global oil geopolitics and
price fluctuation. All these issues force Indonesia
to start shifting away from petroleum fuels, which
has been carried out mainly by increasing the
utilization of palm-oil-based biofuels and more
recently by introducing electric vehicles.

However, this situation is expected to change. In
the past two decades, petroleum’s share in the
global transport energy mix has decreased from
96% to 92%, mostly replaced by biofuels. The
adoption of other technologies is also expected
to increase in the future. Electric vehicles, in
particular, have been touted to replace internal
combustion engines. Vehicle manufacturers have
been responding to this anticipated future by
increasing R&D in electric vehicles and ramping up
the EV production.

The Avoid-Shift-Improve (ASI) framework is widely
used in the transport sector as a strategy to
enhance mobility, develop sustainable transport
systems, and mitigate climate change. This
framework employs three main strategies: “Avoid”
unnecessary travel by means of integrated landuse planning and transport demand management;
“Shift” to more efficient modes, namely public
transport and non-motorized transport; and
“Improve” vehicle technologies which include
efficiency improvement and alternative energy
use. All these measures have an essential role
in decarbonizing transport, mainly through the
energy efficiency improvement of the transport
system.

In Indonesia, the situation is no different. The
GHG emission from the transport sector made up
26% of the energy-related emission in 2017, more
than 90% was from the road transport. Along
with increased GHG emissions, air pollution has
also been increasing, especially in urban areas.
Traffic congestion has made it even worse. The
pollutant emission from the road transport has
almost tripled between 1990–2010. Six urban
agglomeration centers such as Jakarta, Medan,
Bandung, Surabaya, Makassar, and Denpasar
are among the cities with the worst transport
problems.

However, in the end, to be able to reach zeroemission, alternative vehicle technologies that
use renewable energy are needed to replace
combustible fuels. There are currently several
technological options available in the market,
namely battery electric vehicles (including the
hybrid ones), hydrogen-based fuel-cell electric
vehicles, and internal combustion engines fueled
by biofuels or synthetic fuels.

Reliance on petroleum fuels has also driven up
oil consumption, and as domestic oil production

Many studies suggest that vehicle electrification
should be the focus of transitioning the transport

declines, oil imports become essential to meet

sector. Hence, decarbonizing the Indonesian
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transport system should also prioritize vehicle electrification. The land transport modes that are relatively
easy to electrify, precisely passenger transport (such as motorcycle, car, and bus), should be electrified
whenever possible. For other modes that might not be as easy to electrify, which include freight road
transport, marine, and aviation, shifting the demand to other modes that are easier to electrify is essential.
One example is to shift the demand of aviation to high-speed rail and long-distance trucking to rail and
shipping. For the demand that could not be shifted, the alternative fuel needs to be deployed, which for
Indonesia’s case, biofuels might be the most promising option. At the same time, demand management
measures should be implemented besides all these technological measures.
The government should then ensure that the transition succeeds and mitigate the risks of the transition
to the stakeholders, including the industries, workers, and public in general. In order to achieve this
objective, the government needs to perform the following measures:

•

•

•

•

Establish an integrated roadmap for low carbon transport in accordance with the Paris
Agreement target
The transition to low carbon transport would not happen instantly; instead, it would require thorough
planning and management to avoid major disruption to the infrastructure and stakeholders.
Therefore, a roadmap of low carbon transportation is necessary to provide a clear signal and direction
to the stakeholders on which technology needs to be developed and invested in. The roadmap needs
to encompass quantifiable and integrated targets for different modes and technologies, along with
the action plan and monitoring mechanism required to achieve the targets. The process of creating
the roadmap should involve all relevant stakeholders in different governmental agencies, business/
private sectors, impacted communities, experts, and public in general, and from different sectors
including transportation, urban planning, energy, industry, etc.
Integrate sustainable mobility as part of urban planning

Efficiency is the main principle in low carbon transport, and “Avoid” and “Shift” measures are necessary
to improve the transport system efficiency. As Indonesia is moving its capital and developing new
metropolitan areas, it opens the opportunity to integrate sustainable mobility into the planning of
these new urban areas. Thus, it is also crucial to start implementing push measures to drive the
shifting to less carbon-intensive transport modes.

Implement measures to encourage the shifting from carbon-intensive transport modes

Synergy between pull and push measures is important to drive the shift away from fossil-fueled
private vehicles in passenger road transport. However, the push measures, such as higher fuel cost,
vehicle tax, and parking tariff, as well as car-free zones, are currently missing. In addition, modal
shifting needs also to be enforced in other carbon-intensive modes, such as long-distance trucks to
rail and shipping, and aviation to rail.

Establish stricter regulations on vehicle emissions

Implementation of stricter standards on pollutant and GHG emissions could help to improve urban
air quality, enhance vehicle efficiency, and accelerate the shift to electric vehicles. Mandatory fuel
economy standard, which is currently absent in Indonesia, is essential in improving vehicle efficiency
and has already been applied in many countries. This standard could also be complemented with
the emission-based taxation and fuel economy labelling. For air pollutants, the existing standard,
which adopts Euro IV for four-wheelers and Euro III for two-wheelers, has already lagged behind the
standards applied in most G20 countries.
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•

Carefully plan the infrastructure development to anticipate the future evolution of
different transport technologies
The transition towards a low carbon transport system would involve building supporting infrastructures,
which need to be planned carefully to avoid wasteful investment. Infrastructure to support electric
vehicles (power generation, grid, and charging) needs to anticipate the future technological
development such as smart charging and vehicle-to-grid. The development of biofuel refineries needs
to consider a potential drop of future demand as electric vehicles penetrate, so that no investment
becomes stranded assets.

•

Conduct studies on the economic impact of the transition in the transport sector and
subsequently plan for the impact mitigation
Disruption to the established automotive and petroleum industry is unavoidable as Indonesia shifts
to a low carbon transport system. Stakeholders might fear that this change would result in declining
economic activity and employment in these sectors. However, studies in other countries indicate
that the transition could instead give rise to additional employment in new sectors. Therefore, the
government needs to conduct similar studies in Indonesian context and plan for the impact mitigation.
The mitigation could include, for example, identifying potential new economic sectors and the skills
required for those jobs, then providing the training for workers to switch to the new jobs.

•

Establish enabling environment for the development of the electric vehicle market and
industry
The government needs to provide supportive policies to spur the demand for electric vehicles. The
support could be fiscal and non-fiscal incentives, as well as public charging infrastructure development.
It is also important to provide incentives for attracting investment in the domestic electric vehicle supply
chain industries, which could provide additional jobs to replace the job losses in the conventional
vehicle industry. In addition, decarbonization in the power sector, ensuring sustainable mining
practices, and proper battery disposal facilities would need to be enforced to ensure that the shift to
electric vehicles would not create other environmental problems.

•

•

Intensify research on sustainable alternative liquid fuels for the non-electrified modes

A large proportion of the transport energy demand from the heavy-duty transport (i.e., heavy-duty
road transport, shipping, and aviation) would be difficult to electrify. Until they can be electrified, for
the time being, the combination of fuel efficiency measures and the use of non-petroleum fuels are
feasible options. However, drop-in biofuel, synthetic fuel, and hydrogen fuel (and vehicle technology)
are currently still in their infancy and not economically competitive. Globally, research is going on in
these areas, and Indonesia should take its role, especially in the drop-in biofuel technologies, since
there is abundant biofuel feedstock potential available, including the non-palm-oil ones.

Establish strict environmental and social safeguard mechanisms for biofuel
development
The current palm-oil based biofuel poses sustainability issues, especially related to the land-use
change and deforestation. To address this problem, continued improvement of the sustainability
standards, such as the Indonesian Sustainable Palm Oil (ISPO), and the certification process is a must.
In addition, it is also essential to enhance research on the upstream processes of biofuel, especially
the sustainability of the feedstock. Data transparency and traceability need to be improved to support
such research. Strict sustainability criteria should also be imposed on the whole biofuel supply chain.
Moreover, research for alternative feedstock should be pursued, especially the utilization of waste
materials such as agricultural waste and used cooking oil.
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The need to develop a low carbon transport system

further transition into a low carbon transport

has never been more pressing than it is today.

system. Besides, there are other technological

Globally, the transport sector had contributed to

options that have not yet gained as much

14% of the total annual greenhouse gas (GHG)

attention as the previous two, such as hydrogen

emission or about 25% of the emission from the

and synthetic fuels. The transition in non-road

fossil fuel combustion in 2016 (Wang & Ge, 2019).

transport, especially in aviation, has not been

Moreover, it is expected to increase faster than

discussed much. Apart from the technological

in other sectors. The Global Change Assessment

solutions, other efforts such as implementing

Model

GHG

fuel economy standards and encouraging modal

emission would increase from 7.2 GtCO2e in 2010

shifting to public transport could also potentially

to 12.8 GtCO2e in 2050 under no decarbonization

help the sector reduce its emission before entirely

policies (Wang & Ge, 2019). Nationally, the sector

switching to more sustainable transport systems.

projected

that

the

transport’s

put up 147 MtCO2e into the atmosphere in 2017,
contributing to 26% of the total GHG emission in the

The question then lingers over which transition

Indonesian energy sector (Ministry of Environment

pathway Indonesia should take to meet its

and Forestry, 2019). As the Indonesian economy

Paris Agreement target and what it means for

will continue to grow, the emission from this sector

the country to opt for a certain pathway for its

will likely increase if Indonesia fails to shift to low

transport sector rather than the others. This study,

carbon and sustainable transport systems.

therefore, aims to showcase the options available
in the markets and provides policymakers with

The transport systems have long relied on fossil

insights on how to lower the GHG emission in the

fuels and thus cost environmental damages

transport sector. While the options laid out involve

such as air pollution and climate change. The

efficiency measures (i.e., demand management

poor transport planning and limited low carbon

and vehicle efficiency improvements), this study

transport modes are some of the factors deemed

will focus more on the alternative low carbon

contributing to these damages. However, the

technologies.

transition from energy-intensive to sustainable
transport systems might be achievable if the

This report starts with the ongoing transition in the

government starts to put sustainability measures

global and Indonesia transport sector, followed by

into the transport policies. This notion is especially

the technological options available to decarbonize

true in Indonesia, as the transport infrastructure

the transport sector and the current transport

is still developing and urbanization is expanding.

policies and development in Indonesia related to
the transition technologies. Then this report would

In the past few years, the government has indicated

discuss the scenarios to decarbonize Indonesia’s

its intention to shift away from petroleum-based

transport sector. Lastly, it would conclude by

transport by adopting biodiesel blending and

presenting actions that need to be taken by

electric vehicle policies. However, these measures

the government to ensure a smooth transport

are insufficient and lack the long-term plan to

transition in Indonesia.
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2.1 Global transitions in the transportation
sector
The global transportation system is undergoing a
major change. The current system has suffered
from various problems, e.g., climate change, air
pollution, congestion, traffic accidents, noise
pollution, dependence on oil and its geopolitics,
landscape changes, and loss of spaces. All these
problems have pushed countries to transition
towards a more sustainable transport system.
Technological and business innovation has
helped drive the transition, i.e., renewable energy,
alternative fuels, intelligent transport systems,
electric vehicles, battery and storage, autonomous
vehicles, and ride-sharing applications.
According to IEA’s data (n.d.), the global energy
consumption in the transport sector has more
than doubled since the 1970s. Its share in the
global energy consumption has increased from
23.2% in 1973 to 25.1% in 1990 and 28.9% in 2017.
Road transport dominates this energy demand,
contributing 77.3% in 2000. Of the road transport
energy demand, the private passenger vehicles
contributed 60%, freight transport 32%, and buses
8%. Rail, air, and sea transport comprised 1.5%,
11.6%, and 9.5% respectively (Moriarty & Honnery,
2016). As shown in Figure 1, the existing transport

system relies heavily on fossil fuels, more
specifically petroleum fuels. More than 90% of the
total energy consumption has been served by oil
products. However, there is an increasing trend of
alternative fuels use in the past two decades, most
noticeably biofuels.
However, this situation is expected to change in the
future, especially in the road transportation. Many
predictions and scenarios have been published
in the last few years from various organizations;
most agree that the era of internal combustion
engines fueled by petroleum fuels is approaching
its end. IEA estimated that in order to keep the
temperature increase well below 2oC above the
pre-industrial level, the internal combustion
engine (ICE) vehicle fleet needs to comprise less
than 50% and 6% of the passenger cars and
light duty commercial fleets by 2040 and 2060,
respectively (IEA, 2017a). BP, one of the biggest oil
companies, predicted that the growth of energy
consumption in transportation in the 2020–2030
period would be half as fast as the 2010–2020
period, mostly due to energy efficiency. Alternative
energy sources, including natural gas, biofuel, and
electricity, will dominate (about 80% of) the energy
consumption growth in the road transportation
from 2017–2040 (BP, 2019a). Bloomberg New

Figure 1. Share of various fuels in the world transport sector’s final energy consumption.
The remaining energy consumption not shown in the graph is supplied by oil products. Data from IEA (n.d.)
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Energy Finance (BNEF) projected that the sales
share of ICE vehicles would already drop to less
than 50% of the total passenger vehicle sales by
2040. It also predicted that the global ICE vehicle
stock would peak in 2030, and fuel demand by
transportation will already decrease by about 20%
in 2040 compared to the 2019 demand (BNEF,
2019). Although, it also sees that EV penetration
in Southeast Asia, including Indonesia, would be
generally more than 33% lower than the global
rate until 2030 (Wehling et al., 2020).
2.2 Drivers of transition in the Indonesian
transport sector
As the economy grows, the need for mobility in
Indonesia is also increasing. The transportation
sector is now the most significant final energy
consumer. Its contribution to the final energy
consumption increased from 31% in 2008 to 45%
in 2013 and stayed around that level until 2018
(MEMR, 2019). However, the current transportation
system that serves this need is highly dependent
on fossil fuels, more precisely petroleum fuels. In
2018, about 94% of the final energy consumed in
the transportation sector came from petroleum
fuels (51% gasoline, 34% diesel, and 9% jet fuel)
while the rest was supplied by biodiesel.
The reliance on petroleum fuels has raised the
issue of increasing imports of crude oil and oil
products. Indonesia has become a net oil importer
since 2002 (BP, 2019b). An increase in mobility
has driven up oil consumption, while the crude
oil production has continuously been decreasing
in the last two decades (see Figure 2). With the oil
refinery capacity stagnating, more oil needs to be
imported in the form of fuel products, which cost
higher. The petroleum fuel is still partly subsidized
by the government, and the amount of subsidy is

directly correlated to the crude oil price, which is
currently on the rise in the last three years (see
Figure 3). The subsidy has put a burden on the state
trade balance and state budget, thus encouraging
the government to put more efforts on reducing oil
consumption.
More importantly, the high degree of reliance on
imported fuels exposing vulnerability to the global
oil geopolitics and price fluctuation. In avoiding
disruption in the energy supply, countries establish
their strategic petroleum reserve (SPR). IEA
member states, for example, are obliged to stock
oil equivalent to 90 days of their net oil imports,
although most have higher than the required.
The stock can be held by industry, government, or
agency (IEA, 2019d). Indonesia is yet to establish
its SPR, which is already planned in Energy Law
2007. Currently, the only oil reserve is Pertamina’s
operational reserve of 21–23 day oil consumption
equivalent. According to the Directorate General
of Oil and Gas, the Ministry of Energy and Mineral
Resources, the investment required was estimated
to be USD 2.5 billion for 30 days of oil consumption
reserve, equating to around 45 million barrels
(Aziz, 2016).
Increasing oil consumption and imports will
consequently expand the required strategic
reserve in the future. The national energy plan
(RUEN) estimates that oil consumption will reach
2,196 barrels per day (BPD) and 4,619 BPD by 2025
and 2050. This projection means that Indonesia’s
SPR will be at least 66 and 138 million barrels by
2025 and 2050. Assuming the same investment
requirement as mentioned by the Directorate
General of Oil and Gas above, fulfilling the 30-day
SPR would require an additional investment of USD
1.2 billion for 2025 and USD 5.2 billion for 2050.

A TRANSITION TOWARDS LOW CARBON TRANSPORTATION

Figure 2. Oil trade balance. Data from BP (2019b)

Figure 3. Direct correlation between the oil price and fuel subsidy.
Oil price data from MEMR (2019b) and fuel subsidy data from MEMR (2019a)

As a result of the growing transport demand and
reliance on petroleum fuels, the transport sector’s
carbon emissions made up a significant portion
of the energy sector emissions. The latest data
from 2017 indicated the GHG emission from the
transport sector made up 26% of the energy-related
emission, as shown in Figure 4. Of that number,

the land transportation (mostly from the road
transport) contributed to 91%. This number has
not taken into account the emission from the oil
fuel production process and the fugitive emission
from the oil production, which could contribute
around 7% of the total energy sector emission
(Ministry of Environment and Forestry, 2019).
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6%

6%

Energy industry
Manufacturing
26%

46%

Transport
Residen

on
l

Other

16%

Figure 4. Share of the transport sector in the energy related GHG emission.
Data from the Ministry of Environment and Forestry (2019)

In addition to the GHG emission, the transport
sector also contributes significantly to air pollution,
especially in big cities, where the increase in
mobility need is fulfilled mostly by private vehicles,
i.e., passenger cars and motorcycles. The share of
private cars and motorcycles in Jakarta increased
from 15% and 28% in 2002 to 24% and 51% in
2019 (Figure 5). Haryanto (2018) revealed that
transport contributes to 80% of the air pollution
in urban areas. He also showed that the pollutant
concentration has almost tripled during the 1990–
2010 period.

The traffic congestion caused by increasing use of
private vehicles only worsened the air pollution
problem (Greenwood et al., 2007), with six of
the largest cities in Indonesia suffered the most
(Hang Leung, 2016). Jakarta, for example, has
been featured among the most congested cities
in the world, although it has already made some
improvement according to the Tomtom traffic
index (Fickling, 2018; Jakarta Traffic Report, n.d.).
Accordingly, it has also several times crowned as
the city with the most polluted air in the world,
according to AirVisual (Atika, 2019). A similar
situation is happening with the other cities in
Indonesia, though in different severity levels.

A TRANSITION TOWARDS LOW CARBON TRANSPORTATION

Figure 5. Transportation mode share in Jakarta over time.
Data from ITDP (personal communication)

All these problems that the current fossil-fuel
dependent transport system is facing have become
the driving forces for Indonesia to transform it and
move towards sustainable low-carbon transport.

The next chapter would discuss the currently
available options for supporting the transition to
low carbon transport.
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Transport policy has been dominated by the

integrated transport and spatial planning, as well

“predict and provide” paradigm, where transport

as transport demand management. “Shift” intends

planning and development follows the prediction

to improve trip efficiency by using less polluting

of future demand. It focused on the movement

(more efficient) transport modes, such as public

of individual person or goods which creates the

transport or non-motorized transport instead

demand (Lyons, 2012). This concept has been

of private motorized vehicles. “Improve” refers

deemed unsustainable; therefore, other thoughts

to improving the energy efficiency and carbon

followed that emphasize on the importance of

intensity of vehicle technology, for example,

shaping the demand (Goulden et al., 2014). The

through the implementation of eco-driving mode

new mobility concept turns its focus away from the

or alternative less-polluting fuels. The “Avoid”

individual movement of individuals, and instead

measures should be implemented first followed

considers the “large-scale movements of people,

by “Shift” and then “Improve” as the last resort

objects, capital, and information across the world”

(Bongardt et al., 2019). This framework is in line

and “local processes of daily transportation,

with the finding from Agora Verkehrswende

movement through public space, and the travel

(2017), which concluded that efficiency is the main

of material things” (Lyons, 2012, p. 33). This

principle of transport transition.

alternative concept is manifested in the “AvoidShift-Improve (ASI)” framework that is currently

IEA (2017a), in its below two-degree scenario,

championed as the guiding principles in transport

estimated that the “Avoid” and “Shift” measures

planning (Zamora, 2014). Figure 6 illustrates the

could reduce about 15% of the global transport

ASI framework.

sector GHG emission in 2050. Policies commonly
used for the “Avoid” and “Shift” measures might

“Avoid” aims to improve system efficiency by

not be distinguished between each other. Those

avoiding

policies include putting a price for motorized

or

reducing

travel

AVOID

through

SHIFT

Reduce or
avoid
unnecessary
travel

System

needs

IMPROVE
Improve energy

Shi o more
ener
t
modes

carbon intensity
of vehicle
technology

Vehicle
y
Figure 6. ASI framework. Adapted from GIZ GmbH (n.d.)
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mobility (e.g., fuel tax, road pricing, congestion

below 2oC, would be from vehicle efficiency. Kodjak

pricing, and license plate restriction); commuting

and Meszler (2019) projected that the road-vehicle

reduction (e.g., teleworking, flexible working

efficiency improvement, including electrification,

hours, and compressed work week); encouraging

could reduce the GHG emission of road transport

non-motorized transport (e.g., pedestrian and

by 55%–70% compared to the current policy

biking infrastructure improvement, and traffic

scenario, depending on the electricity generation

calming); improving public transport; integrating

mix. Excluding the electrification, the emission

transport in urban planning (e.g., transit-oriented

reduction potential could still reach 37% from the

development, urban planning codes, and car-free

current policy scenario.

zones); and parking management (e.g., pricing, onstreet parking restriction, and reducing parking

Combining all efficiency measures, IEA (2017a)

spaces) (Bongardt et al., 2019; Zamora, 2014).

estimated the emission from the transport sector

However, Indonesia has not focused on the “Avoid”

could be reduced by 35%. A more ambitious

and “Shift” measures, with 67% of the proposed

projection by Teske et al. (2019) showed that the

actions in the local mitigation action plans for

transport energy demand in non-OECD Asian

the GHG emission reduction (RAD-GRK), could be

countries could be cut by as much as 73% in 2050

categorized as the “Improve” measures (Jaeger et

by implementing energy efficiency measures,

al., 2014).

including demand management, mode shift, and
technology improvement.

For the “Improve” measures, one option is to
improve the vehicles’ energy efficiency. Many

Despite

projections consider efficiency improvement as

of efficiency measures, in the end, to fully

the primary contributor to the emission reduction

decarbonize the transport sector, alternative fuels

in road transportation. BP Energy Outlook 2019

or vehicle technologies are required to replace the

estimated that efficiency improvement would

current combustion engine that burns petroleum

contribute about 70% of the 2040 road transport

fuels. Figure 7 presented the available fuels and

GHG emission reduction in its lower-carbon

vehicle technologies to decarbonize the transport

transport scenario (BP, 2019a). IEA (2017) also

sector. Several studies also include natural gas as

acknowledged the importance of improving vehicle

an alternative for decarbonization, at least for the

efficiency through improved aerodynamics, weight

transitional phase. However, it is not included in

reduction, engine improvement, exhaust heat

this study since it can only reduce a small amount

recovery, and hybridization, especially for a short

of the GHG emission compared to petroleum fuels,

and medium term. It also estimated that about 20%

and there is the potential of methane emission

of the emission reduction in non-OECD countries

during the upstream processes.

necessary to keep the temperature increase well

the

emission

reduction

potential
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3.1 Electric vehicle
Many studies agree that vehicles’ electrification
is the most effective way to decarbonize the
transport sector and should be done as much as
possible (Agora Verkehrswende, 2017; Dominković
et al., 2018; Pagenkopf et al., 2019). These studies
asserted that vehicle electrification also provides
other benefits than reducing the GHG emission,
which include significantly less air and noise
pollution, high energy efficiency, and the potential
for integration with the power sector. The main idea
of electrification is to supply the energy for mobility
by electricity that is produced from renewable
resources, such as solar, wind, hydropower,
geothermal, and biomass. This measure makes
achieving zero-emission possible, theoretically,
when 100% of the electricity generation comes
from renewables (Agora Verkehrswende, 2017).
Currently, electric vehicle technology is most
mature in rail transport. Globally, in 2016, already
74% of passenger rail transport and 48% of
freight rail transport activity were electrified (IEA,
2019c). Electric trains are 60–70% more energy
efficient than the diesel ones. The state-of-the-art
technology in electric trains uses overhead wires
or third rails to provide electricity (Pagenkopf
et al., 2019). The recent development of battery
technology has brought forward the idea of
battery-trains, or at least a combination with other
technologies such as overhead lines or fuel-cell.
Japan has already run battery trains for commercial
passenger services since 2014. The train uses the
battery power for 20 km non-electrified lines, with
a 190-kWh battery (Thorne et al., 2019). In 2018,
the German railway company had just started a
trial of a battery train prototype that can serve 40
km between charges (Lambert, 2018). Just recently,
in 2020, the UK has just completed the test of a
hybrid train that runs on diesel and battery. The
battery can serve about 100 km, with a 10-minute
charge time (Zasiadko, 2020).

Electric vehicle technology is also rapidly
developing in road transport, especially within the
light-duty vehicles i.e. passenger cars, motorcycles,
and light commercial vehicles (freight). In principle,
electric vehicles (EV) are driven by electric motors
instead of solely by internal combustion engines
(ICE). There are many types of EV available in the
market, i.e., hybrid (HEV), plug-in hybrid (PHEV),
battery (BEV), and fuel-cell electric vehicle (FCEV).
EVs require battery or hydrogen (in the case of
FCEV) as the energy storage instead of liquid fuel
for the ICE. A more detailed description of FCEV will
be provided in the later section on hydrogen fuel.
HEV uses both an internal combustion engine and
an electric motor that is not externally rechargeable.
As the energy source, it uses conventional fuels
(liquid or gas) and partly from the energy stored in
the battery. The stored energy could come directly
from the ICE or regenerative braking. The battery
capacity is small, thus limiting the use of the electric
motor. PHEV is defined as a hybrid electric vehicle
that has at least 4 kWh battery storage, and the
battery can be recharged from an external power
source. PHEV can drive at least 16 km using only
electric power (no petroleum fuel consumption)
(Jain & Kumar, 2018). The current PHEVs normally
have larger batteries and longer electric drive
ranges. In the Chinese market, common PHEVs
have at least 50 km all-electric range (Jin & He,
2019), while in the US market, they are clustered at
30 km all-electric range (EVAdoption, 2020). There
are models of PHEV that have larger batteries, thus
can operate mostly on electricity for urban mobility
(up to 85 km). At the same time, the liquid fuel is
used for more extended travel.
BEV eliminates the use of ICE, relying solely on
battery storage and external charging. Therefore,
the needed battery capacity is larger than the
hybrid vehicles to accommodate a more extended
driving range. BEV has several advantages over
other types of EV, i.e., the system works simpler
and avoids fuel combustion. The energy consumed
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Figure 8. Historical decline of global lithium battery cost and projection until 2030 based on the BNEF survey.
Data from Goldie-Scot (2019)

is significantly reduced since electric motors have
up to 90% efficiency, while the combustion engines’
is around 30–35%.
The cost of battery technology is currently the
most significant hindrance to EV uptake globally.
High battery cost makes the electric vehicle not
competitive to conventional vehicles. Additionally,
the relatively low energy density (energy per mass)
of existing battery technology limits the feasible
capacity. However, the development of battery
technology in recent years showed significant
improvement. McKinsey and BNEF predicted that
in most passenger car classes, pre-tax upfront
prices of BEV would reach parity with ICEV in the
US and EU by the mid-2020s (Baik et al., 2019;
Soulopoulos, 2017).
A BNEF survey from global EV industries in 2018
showed that the average battery pack price has
declined by 85% during 2010–2018. They also
estimated that the battery cost would keep falling
from USD 176/kWh in 2018 to USD 94/kWh in 2024
and USD 62/kWh in 2030, as illustrated in Figure
8. This estimation assumes an 18% learning rate,
meaning the price will drop by an 18% for every
doubling of cumulative capacity. The portion of
battery cost in BEV will drop from 57% in 2015 to

only 20% in 2025 (Goldie-Scot, 2019). Additionally,
the cost of other components, such as motors,
inverters, and power electronics, is expected to
decline by 30% by 2030 (Bullard, 2019).
On the other hand, the battery capacity has also
been improving in the last few years. McDonald
(2018) analyzed the driving range improvement
of BEV in the US and found that the battery size
increases by 15% each year on average during
the 2011–2019 period. The study projected that
the average BEV range in the US would reach 440
km by 2022 and 640 km by 2030. If the solid-state
battery technology manages to get commercial by
2025, the range could even reach 800 km by 2030
(McDonald, 2018). In 2020, there are already new
non-luxury BEV models that could drive more than
450 km without charging (EV Database, n.d.).
In addition to passenger cars, there are also
electric two-wheelers/motorcycles available in
the global market and quite recently, even in
the Indonesian market. IEA’s beyond two-degree
scenario suggested that the two and threewheelers will be all electrified by 2045, and along
with rail would be the only modes that would reach
100% electrification by 2060 (IEA, 2017a). The
electric two-wheelers include electric bikes (with
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pedal system, less than 0.25 kW motor, and less
than 25 km/h maximum speed), electric mopeds
or scooters (with less than four kW motor and 45
km/h maximum speed), and electric motorcycles
or large scooters (with larger motor capacity and
higher maximum speed) (Weiss et al., 2015).
The electric two-wheelers can be electrified
sooner than the other vehicles due to its superior
efficiency compared to the ICE counterparts and
the small battery requirement due to low weight
and short range required. Small battery size would
limit the price difference from ICE and allow easier
charging or battery swapping (IEA, 2017a). In India,
for example, the price of electric motorcycles is
about double the price of conventional bikes with
similar features (Seethalakhsmi & Shyamala, 2019).
In addition, banning the ICE motorcycles could
help driving the electric two-wheelers penetration,
as demonstrated in China (Weiss et al., 2015),
which is currently the largest market of electric
two-wheelers (Wehling et al., 2020). Following a
similar path, India, the largest two-wheeler market
in the world, has pledged to stop selling the ICE
two-wheelers by 2025 (Partnership on Sustainable
Low Carbon Transport, 2019). Other factors such
as tight emission limits, increasing gasoline price,
lack of public transport infrastructure, faster
travel speed of electric two-wheelers compared to
other modes, and even the occurrence of disease
outbreak also influence the rise of electric twowheeler adoption (IEA, 2017a; Weiss et al., 2015).
The global electrification of buses is much faster than
the other road transport modes with a sales share
exceeding 40% in 2020, although most sales occur
in China (BNEF, 2019; Wehling et al., 2020). In the
developing countries, urban public transportation,
including buses, typically comprises only a small
fraction of the total vehicle fleets but contributes
disproportionately more significant to the energy
consumption and the GHG emission (Sclar et al.,
2019). This circumstance opens an opportunity for

a significant GHG emission reduction through the
electrification of public buses.
A recent report by BNEF estimated that about 20%
of the existing global bus fleets is electric and will
reach almost 70% by 2040 (Wehling et al., 2020).
However, the growth has been concentrated in
China with 98% of the global sales (Gavrilovic,
2019; Wehling et al., 2020). In 2018, electric buses
comprised already 23% of the new bus sales in
China. Shenzhen is one of the few cities that has
already entirely switched to electric buses. Most
of the existing electric buses are used for urban
public transport, while for long-haul bus services,
the electric buses are not going to start earlier
than 2023 (Gavrilovic, 2019).
With a higher utilization rate than private vehicles,
the higher upfront cost of electric buses could be
paid off much faster by the lower operational cost
it needs. BNEF estimated that the upfront cost of a
European manufactured electric bus with 250 kWh
battery capacity is about 30% higher than a diesel
bus, and this would diminish by 2030 at the latest.
However, on the total cost of ownership basis,
which accounts for capital and operational costs,
electric buses might already be cheaper than
diesel buses, depending on the battery size and
the distance traveled per day. The longer distance
it goes per day, the lower the total cost ownership
will be. For example, the price of a bus with 110
kWh, 250 kWh, and 350 kWh battery capacity
will be already on par with a diesel bus when the
distance traveled is above 80 km/day, 110 km/day,
and 220 km/day respectively (BNEF, 2018).
Other modes of transport, including aviation and
shipping, are not as easy to electrify. These modes
of transportation are mainly limited by the low
energy density of current battery technology. The
high power required to run these vehicles requires
a large battery capacity, which results in a heavier
battery. Thus, other types of alternative technology
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are needed for these modes. Nevertheless, there
are efforts to develop electric ships and airplanes.
For example, electric ferries have been deployed
in a few countries, with the largest now available
in Denmark, with a 200-passenger capacity,
supported by 4.3 MWh battery (Lambert, 2019b).
Meanwhile, the largest electric airplane with a
nine-passenger capacity was successfully flying for
30 minutes in June 2020 (Baraniuk, 2020).
As for the GHG emission, the determining factor
is the share of fossil fuel in power generation mix.
When coal dominates the power generation, the
GHG emission will be relatively high compared to
the condition with more electricity generated from

and taking into account the GHG emission during
vehicle manufacturing (IESR, 2019). According
to the analysis, with the current emission factor
of electricity generation, the use of BEV cars will
slightly increase the GHG emission, due to the high
proportion of coal in the generation mix. However,
if the electricity is produced without the GHG
emission, the shift to electric cars can reduce 58%
of the GHG emission, assuming the emission from
car manufacturing remains constant (IESR, 2020b).
The GHG emission for the conventional and electric
cars is illustrated in Figure 9.
For electric motorcycles, with 4.5 times better
fuel economy, even with the current emission

renewables. Additionally, the battery production
currently consumes a considerable amount of

factor, a 35% GHG emission reduction compared
to conventional motorcycles could already be

energy, and the energy source in the battery
production facility will influence the total lifecycle
emission. IESR provided an estimation of the GHG

achieved (IESR, 2019). For heavy-duty road
transport, which includes trucks and buses, BEV
will emit less CO2 than diesel-fueled ones if the

emission from electric car usage with the power
generation mix as planned in RUPTL 2019–2028

electricity emission factor goes below 875 gCO2/
kWh (ETC, 2018c).

Figure 9. Life-cycle GHG emission comparison between ICE vehicles and BEV,
under different electricity emission factors
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3.2 Biofuel
In principle, biofuel is used to (partly) replace the
fossil-based petroleum fuel in the existing vehicles
and engines. Therefore, it does not require major
technological change. Since biofuel is produced
from plant biomass, the CO2 emitted during
combustion would come from the CO2 it absorbs
into plant biomass, making it seem carbon neutral.
However, in reality, there are also CO2 emitted
along the supply chain, i.e., land use change,
plant growing, biofuel production processes,
and transporting, resulting in the positive carbon
emission (Hanaki & Portugal-Pereira, 2018;
Johnson, 2009). There are different kinds of biofuel,
namely the conventional (oxygenated) biofuels,
such as biodiesel and bioethanol, and drop-in
biofuels (sometimes called bio-hydrocarbon).
Biodiesel is produced by a chemical process
of animal or plant-based oil, known as
transesterification. The product, fatty acid methyl
ester (FAME) can be blended with petroleum diesel
fuel and used in diesel engines (Bhatia, 2014a).
Bioethanol is produced by fermentation of sugar
or starch. There are also technologies to produce
bioethanol from lignocellulosic feedstock such as
agricultural residue. The product, ethanol, can be
blended with gasoline and used in gasoline engines
(Bhatia, 2014b). However, the characteristic of
biodiesel and bioethanol is not 100% similar to that
of petroleum diesel and gasoline, especially due to
the oxygen content in its chemical structure, thus
it needs to be blended with the conventional fuel.
Currently, there is already available vehicle
technology that could cope with the change of
combustion stoichiometry in higher blends of
ethanol, called flex-fuel vehicles. The flex-fuel
vehicles can run on pure gasoline, pure ethanol,
or any combination of both, which now is highly
popular in Brazil (Cardoso et al., 2019).
Additionally, there are also drop-in biofuels such
as green diesel, biogasoline, or bio-jet fuel (for
aviation) that have similar chemical and physical

properties with the fossil fuel. Therefore, drop-in
biofuels can directly replace the petroleum fuel,
using the existing infrastructure and engines,
without any modification. However, the production
process is different from either biodiesel or
ethanol. The process involves removal of oxygen
content in the hydrocarbon chain, which is the
primary difference between fossil fuels and
conventional biofuels. The production process of
drop-in biofuels is currently more costly than the
conventional (Karatzos et al., 2017).
Biofuels are commonly produced using food/feed
crops as the feedstock, such as vegetable oil (oil
palm, rapeseed, soybean, etc.) for biodiesel and
sugary or starchy crops (sugarcane, cassava, corn,
etc.) for ethanol. The use of these crops for biofuel
production might result in direct competition
with food/feed production, leading to increased
price for food/feed products. Second generation
biofuels emerge to overcome this issue. The
second-generation biofuels utilize agricultural
waste, used cooking oil, or energy crops that grow
in non-arable lands, thus not competing with food/
feed production. However, the pretreatment of
lignocellulosic feedstock (agricultural waste and
lignocellulosic energy crops) is costly and hampers
the development of the lignocellulosic secondgeneration biofuels (Dutta et al., 2014).
More recently, there is also a growing interest
in (micro) algae as the feedstock for the thirdgeneration biofuels (Dutta et al., 2014). Its
advantages include high productivity, possibility to
be genetically modified, and not requiring arable
land. It has been researched extensively over the
past years, supported by government subsidies in
many countries. Yet, the microalgae technology is
still currently not economically feasible except for
producing the high value chemical products (Ruiz
et al., 2016).
If produced responsibly, the use of biofuel
can potentially reduce the carbon emission of
fuel combustion. According to a WTW analysis
conducted by the European Commission, the GHG
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emission from biofuel combustion is generally
lower than gasoline/diesel, if the emission from
the land use change is not considered. However,
the extent of the GHG emission reduction depends
on the production of the biofuel, i.e., the type of
feedstock, the source of energy used in production,
and the utilization of by-products. The cultivation
of biofuel feedstocks also produces high N2O
emissions, which affect the climate 300 times as
high as CO2 (Edwards et al., 2014).
GHG emission saving per km driven from gasoline
replacement by ethanol can get as high as 90%
when the ethanol comes from waste material (e.g.,
wheat straw) (Edwards et al., 2014). The ethanol
produced from sugarcane molasses as practiced in
Indonesia could reduce the GHG emission by 67%.
Efficient utilization of cane bagasse for electricity
production could reduce the emission further up
to 95%. Improper wastewater disposal, however,
could generate a lot of GHG emissions cancelling
all savings that could be obtained (Khatiwada et
al., 2016). In reality, the actual emission reduction
potential is limited by the blending with gasoline,
which is currently around 10–15%. The possibility

to use 100% ethanol, in a flex-fuel engine for
example, is important to achieve the full potential
of emission reduction.
For biodiesel as diesel replacement, the GHG
emission saving which can be achieved is higher
than 80% when using waste cooking oil as
feedstock. When palm oil is used as feedstock, the
saving ranges between 30% to 65%, depending on
the availability of methane recovery units (in waste
treatment) and waste heat utilization (Edwards
et al., 2014). In practice, biodiesel is currently
blended with fossil diesel at a maximum 30%
ratio. Therefore, the actual reduction potential is
only 30% as high, unless there is improvement
in blending percentage. Hydrotreated vegetable
oil (HVO), one of the drop-in diesel replacement
fuels, performs similarly to biodiesel in terms of
GHG emission reduction (Edwards et al., 2014), but
it can be used without blending, thus resulting in
more reduction in actual practice.
When the emission from land-use change is taken
into account, the GHG emission of burning biodiesel
might increase significantly. Traction Energy Asia

Figure 10. GHG emission comparison between diesel fuel and biodiesel combustion
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(2019) reported that 83–95% of the total emission
from biodiesel production in Indonesia comes
from plantation to CPO production. In one of the
biodiesel producers analyzed in the study, peat
oxidation and land clearing contributed to 82%
of the total emission, which reached 2.97 kg CO2
per liter biodiesel, or 3.3 kg CO2 per L of diesel fuel
equivalent. This is already higher than the emission
from diesel fuel combustion according to the US
EPA that is 2.7 kg CO2 per L (US EPA, 2014). In worse
cases, the emission from biodiesel production can
even reach 23 kg CO2 per liter.
Figure 10 illustrates the GHG emission of different
biodiesel sources and blending ratio based on
the data from Edwards et al. (2014) and Traction
Energy Asia (2019), adapted to Indonesia’s fuel
economy. The fuel consumption of an average
diesel car in Indonesia is assumed to be about 11
km/liter (IEA, 2017b). The figure shows that the
use of blended biofuel can only reduce the GHG
emission by about 20%, assuming the biodiesel
comes from used cooking oil and blended at a 30%
ratio. It also shows that utilizing used cooking oil
instead of crude palm oil as feedstock could reduce
the emission significantly. Using drop-in biofuel
produced from lignocellulosic biomass (biomass to
liquid technology) could also reduce the emission
further.
3.3 Hydrogen fuel
Another option is to use hydrogen fuel. Hydrogen
can be used directly as a fuel in the internal
combustion engine or indirectly using the fuel-cell
technology that converts the energy to electricity
to drive the electric motor (FCEV). However,
due to the superior efficiency of electric motors
compared to combustion engines, FCEV becomes
the more reasonable option. Additionally, FCEV
only produces water vapor as the by-product,
while hydrogen combustion in ICE still emits NOx
(Momirlan & Veziroglu, 2005).

Hydrogen can be produced from various processes,
such as reforming of hydrocarbons (natural gas
and oil), gasification or pyrolysis of solid fuels (coal,
biomass, and refinery residues), and electrolysis.
Natural gas is currently the predominant hydrogen
production feedstock, accounting for 76% of the
global hydrogen production, while coal accounts
for 23% of the global hydrogen production and
electrolysis for 0.1% of the global production.
These figures do not account for the hydrogen
produced as by-products (IEA, 2019b; van Hulst,
2019).
It is important to note that electrolysis-based
hydrogen has lower efficiency compared to
the fossil-based processes, leading to higher
CO2 emissions compared to the fossil-based
processes if the electricity is not from renewables.
For example, using the world average electricity
mix, the CO2 emission from the electricity-based
hydrogen would be about three times higher
than the hydrogen produced through natural gas
reforming without carbon capture (IEA, 2019b).
Fuel cell electric vehicle total cost of ownership is
currently much higher than other types of EV and
ICEV due to the high price of hydrogen gas and
the vehicle itself. Natural-gas-based hydrogen can
be produced at EUR 1.5 per kg and around EUR 2
per kg when CO2 price is considered (van Hulst,
2019). The cost could go as low as USD 1 per kg
in countries with low natural gas prices such as
the United States, Russia, and Middle Eastern
countries (IEA, 2019b). Renewable-electricitybased hydrogen production cost is estimated at
around EUR 3.5–5 per kg or EUR 0.9–1.3 per liter
gasoline-equivalent (lge), but expected to drop by
70% in the next ten years if there is a considerable
increase of capacity (van Hulst, 2019). Currently,
the retail hydrogen fuel is sold at above USD 10
per kg in various countries, although expected to
drop to about USD 6–8 per kg by 2030 (California
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Fuel Cell Partnership, n.d.; Chung-un, 2019; Fraile
et al., 2015).
Meanwhile, the fuel cell vehicle price is also
relatively higher than other technologies. Toyota
Mirai, for example, costs around USD 50,000
after a government subsidy of about USD 20,000
(Robitzski, 2019). However, many companies,
especially Japanese manufacturers, are still
developing the fuel cell technology; thus, the cost
is expected to decline further in the future.
The WTW GHG emission of fuel cell vehicles is
generally lower than conventional vehicles both
via thermal process and electrolysis. However, this
does not apply when the thermal process uses
gasified coal as the feedstock, and the electrolysis
uses the natural gas- or coal-generated electricity.
The emission could reach almost zero when
renewable power is used in electrolysis, or gasified
biomass is used as the feedstock for the thermal
process (Edwards et al., 2014).
3.4 Synthetic fuel from electricity
As previously mentioned, hydrogen gas can be
produced from electricity through electrolysis.
However, using hydrogen as a fuel requires
modification to the existing infrastructure or
vehicle technologies. The produced hydrogen can
be further converted into other fuels that have
already more established infrastructure, such as
methane gas, and more importantly, liquid fuels.
The conversion to these conventional fuels would
avoid the necessity for infrastructure modification.
Methane is produced through a reaction with CO2,
which can be obtained from biomass combustion or
captured from the air to make the product carbon
neutral. The produced methane can be directly
injected to the existing natural gas infrastructure.
The advantage of this power-to-fuel technology is
that it can be used in existing combustion engines,

which is currently more mature than electric
motor technology. However, it comes at the cost
of efficiency, since there will be more conversion
losses compared to direct use of electricity.
When using an electric motor, the electricity will
be converted into mechanical energy, which will
result in 69% energy return. With the power-tofuel concept, the electricity is first converted into
chemical energy, and then to mechanical energy.
The overall efficiency of power-to-liquid fuel can be
as low as 13% (Agora Verkehrswende et al., 2018).
Figure 11 shows a schematic of efficiency losses in
different technologies.
The low efficiency makes synthetic fuel production
very costly. Currently, the production in Europe is
estimated to cost around 20–30 cents per kWh or
EUR 1.8–2.7 per lge, excluding the network charge
and distribution cost. It could reduce to about EUR
0.9 per lge when the capacity reaches 100 GW. The
production cost of the synthetic fuel, however,
depends on the cost of renewable energy used
to produce, thus relying on the renewable energy
available in the specific location. In Iceland, for
example, it is estimated that the production costs
as low as EUR 1 per lge (Agora Verkehrswende et
al., 2018).
Currently, there is only one commercial production
of electricity-based synthetic methanol with a 5
million liter annual production capacity, which is
located in Iceland (Heyne et al., 2019). There are
several other pilot plants with different products
such as methanol, crude liquid hydrocarbon (oil),
and diesel fuel.
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The Ministry of Transportation (MoT) is responsible
for developing the national transport policy in
coordination with the National Development
Planning Agency which is responsible for the
overall national planning. MoT is organized based
on different transport modes, i.e., road, rail,
air, and sea transport. As a consequence of this
organization model, the transport policy lacks
integration between the modes, with all modes
having their respective laws and master plans.

On the other hand, energy planning is conducted
by the Ministry of Energy and Mineral Resources
(MEMR) with the national energy plan (RUEN) as the
master plan. RUEN is supposed to be a guideline
for other ministries, including MoT, in formulating
their strategic plan. It claims to comply with the
unconditional GHG emission reduction target of
Indonesia’s NDC. The long-term development plan
of MoT also stated that energy regulation in the
transport sector should follow the national energy
plan. As the GHG emission in the transport sector
comes from energy use, and due to the lack of
transport master plan from MoT, further analysis
in this chapter will be based on RUEN.

In 2005, the MoT established the National Transport
System regulation that acted as the guiding
principles for transport planning in all policy levels,
aiming to support the integration of the transport
modes. However, it is not an integrated national
transport master plan. Up until now, no regulation
or law specifically addresses sustainable transport
planning, let alone a master plan for sustainable
transport.

However, RUEN does not provide a clear roadmap
of which low carbon transportation technologies
will be adopted in the future. In general, petroleum
fuels will still dominate the energy source in the
transport sector with a share of 84% of the total
energy consumption in 2025 and 73% in 2050.
Among the energy sources, the most substantial
portion is expected to be supplied by biofuel,
followed by natural gas and electricity as shown in
Table 1. Other alternatives, such as hydrogen and
synthetic fuels, are not included in the plan.

Presidential Regulation No. 61/2011 on the
National Action Plan for GHG Emission Reduction
laid 16 action plans for the MoT to reduce the GHG
emission in the transport sector, although only
covering road and rail transport. In 2013, MoT
issued the Ministerial Decree No. KP 201/2013 that
expanded the emission reduction plan to include
also the air and sea transport.

Table 1. Energy sources in the transportation sector according to RUEN

Energy sources

2025

2050

MTOE

%

MTOE

%

Petroleum fuels

62.8

84

123.2

73

Biofuels

9.6

13

31.2

18

Natural gas

2.6

3

11.9

7

Electricity

0.2

0

2.7

2
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The plan implies that Indonesia will remain to be
highly dependent on fossil oil with the petroleum
fuel consumption expected to increase for the
next 30 years. On the other hand, domestic
oil production is projected to decline over the
same period. This decline would only create a
higher dependency on imported oil, which puts
Indonesia’s energy supply vulnerable to global
oil price fluctuation and oil geopolitics. Currently,
there is no clear focus on developing any of the
alternative technologies.
Table 2 provides the list of actions in the
transportation sector planned in RUEN within the

time frame. According to this plan, the government
should start establishing roadmaps and
regulations on various alternative fuels or vehicle
technologies before 2020. However, to this day,
the government has yet to put the much-needed
roadmaps and regulations in place. A roadmap
for carbon tax implementation, a roadmap for
long-term biofuel utilization, regulations on fuel
economy standards, and regulations on hydrogen
and synthetic fuels are yet to be issued. These
roadmaps and regulations are essential to send
a clear signal to the automotive and transport
industry to start planning their shifting from the
current oil-based system.

Table 2. List of actions planned in RUEN related to transport sector

Action plans

Energy efficiency

2019
- Develop fuel economy
standards before 2020,
especially private vehicles
- Roadmaps for public and
private transport modes
- LRT development plan until
2050
- Electronic Road Pricing for
urban main roads
- Road preservation levies

- Roadmaps
for public and
private transport
modes

Biofuel

- Incentive policies for the
electric public transport
- Incentive policies for the EV
manufacturers
- Biofuel roadmaps for all
transport modes (road, sea, air,
and rail)
- Policies for flex-fuel engine
vehicles
- Roadmaps for biofuel
infrastructure development
(and funding)
- SOE/Regional SOE to produce
and purchase biofuels
- Roadmaps for priority
feedstocks
- Regulations for land use
change for energy crops

2025
- Public transport 30%
modal share by 2025
- 10,000 Bus Rapid
Transit fleets in 50 cities
- Transit Oriented
Development
- Intelligent Transport
System in 24 cities
- Area Traffic Control
System in 50 locations
- Optimizing airplane
traffic in 15 airports
- 2,200 electric cars
- 2.1 million electric
motorcycles

- Implementation of
biofuel blending for
the road, sea, and air
transport
- 11.6 million kl biodiesel
- 3.4 million kl
bioethanol
- 0.1 million kl bioavtur
- Prepare 4 million
hectares for biofuel
feedstocks
- Prioritize non-food
competing feedstocks

2050

- Public transport fleet
rejuvenation
- Develop train networks
in 5 large islands
- Develop urban rail
networks in 13 cities
- Sea toll consisting of
150 ships

- Build EV industries
(upstream and
downstream)

- 54.2 million kl biofuel
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Petroleum fuel

- Roadmaps for the carbon tax
for fossil fuels
- Policies for the petroleum
fuel tax or other disincentive
mechanisms

- Increase a refinery
capacity to 2 MBOPD
- Removing a petroleum
fuel subsidy
- Stop petroleum fuel
imports

Natural gas

- Roadmap NG for transport
- Fiscal incentives for the
manufacture of NGV
- Incentives for the NG use in
public transport

- 2 million units of NGV
in 15 cities
- 632 refueling stations
with 282 mmscfd
capacity in 15 cities

- 2,888 refueling stations
with 1,291 mmscfd
capacity

Liquified coal

- Roadmaps and development
policies for liquified coal for
fuels

- Liquified coal for
fuel technology
development

- 54.2 million kl biofuel

Hydrogen / fuelcell

- Regulations for hydrogen
use in public and personal
transport

- Technology
development of fuel-cell
vehicles
- Build FCEV industries

Synthetic fuel
(SF)

- Regulations for synthetic
fuel use in public and personal
transport

Technology
development of
synthetic fuels

Solar PV
utilization

Fuel economy standard is an important tool to
push automotive industries to build more efficient
vehicles. IEA (2017b) suggested that the fuel
economy in Indonesia has not improved, and the
absence of fuel economy standards is causing this
lack of progress. Studies even suggested that the
implementation of fuel economy standards will
help accelerate EV adoption, considering the high
efficiency of electric motors (Kodjak & Meszler,
2019; Meszler et al., 2016; Sen et al., 2017). The only
regulation that might address the fuel efficiency in
the transport sector is the Government Regulation
No. 70/2009 on Energy Conservation. According
to this regulation, entities with the annual energy
consumption of more than 6,000 TOE have to
implement energy conservation and report it to
the government.

- Solar PV at transport
facilities (stations,
airports, harbors, etc.)
- Solar utilization in
transport modes

However, the enforcement of this regulation has
been focused only on the industry sector, although
transport companies generally consume more than
6,000 TOE or 7.1 million lge. For example, Garuda
Indonesia, the state-owned aviation company,
burned 2.18 billion liter avtur in 2018 (Garuda
Indonesia, 2019). Another example, Blue Bird, one
of the largest taxi companies, spent IDR 781 billion
in 2019 for a fuel, equivalent to about 100 million
liter gasoline (PT Blue Bird Tbk, 2020). Kereta Api
Indonesia, the state-owned railway company,
consumed 220 million liter diesel fuel in 2017
(Zuhriyah, 2018). Kereta Commuter Indonesia,
which operates the commuter line in Jakarta, spent
IDR 182 billion in 2018 for energy use, equivalent
to about 11,000 TOE electricity (Kereta Commuter
Indonesia, 2019).
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In addition, the “Avoid” measures such as the
Transit-Oriented Development (TOD) and the
“Shift” measures to more efficient modes (i.e.,
road public or rail transport) are also already
incorporated in the RUEN plan. The Ministry of
Agrarian and Spatial Planning Regulation No.
16/2017 provides the guidelines for the TOD area
development. Local governmental regulation,
such as the Jakarta Gubernatorial Regulation
No. 67/2019 also provides the mechanisms,
management, and incentives for the TOD adoption
in Jakarta. Rail network development in major
islands is essential to offer alternative modes to air
transport, which consumes a lot of energy.
On the other hand, the plan in RUEN still pushes
for natural gas vehicles. According to IESR & IIEE
(2019), building natural gas refueling stations
planned in RUEN will need USD 1.78 billion by
2025 and USD 8.13 billion by 2050 or about USD

250 million per year. These new refueling stations
might become a stranded investment in the future
if we look into the projections made by many
organizations that NGV will only contribute a tiny
fraction of future vehicles (IEA, 2017a; Suehiro &
Purwanto, 2019). From the climate perspective,
the GHG emission reduction is not significant due
to the high potential of methane emissions from
leaking (IEA, 2017a).
Development of biofuels and electric vehicle
technologies fared better than the other
technological options, with several regulations
already in place. The government has put
significant efforts to push biofuel development
and also has started to pay attention to electric
vehicles recently. Current policies and the status
of electric vehicles and biofuel technology are
elaborated in the following sections.
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4.1 Current electric vehicle policies and development
Development of electric vehicles (including
hybrids) is mandated in RUEN, although targeting
very low penetration with only 2,200 electric cars
and 2.1 million electric motorcycles by 2025.
Utilization of electric vehicles as public transport
is targeted to reach 10% of the total urban public
fleets by 2025. In addition, according to RUEN, the
government should prepare fiscal incentives for
electric vehicle manufacturers. Public charging
stations are planned to reach 1,000 units by 2025.
It lacks, however, the mandate to incentivize the
consumers of electric vehicles.

still awaited (IESR, 2019). Moreover, the regulation
also does not provide clear EV penetration targets
and mentions nothing about the plan to stop the
sales of conventional vehicles. Previously, the
phasing-out of fossil-fueled cars and motorcycles
by 2040 was expected to be included in this
regulation (Prasetiyo, 2017).

As a follow-up, the government established
the Presidential Regulation No. 55/2019, which
aims to accelerate the development of battery
electric vehicles. The regulation lays out several
instruments that can be implemented to foster the
growth of EV industries, mainly through fiscal and
non-fiscal incentives, local content requirement,
and charging infrastructure development by PLN.
However, it does not mention anything about
the need to set a roadmap for the EV ecosystem
development, and the derivative regulations are

share in vehicle production is expected to increase
to 30% by 2035. Unfortunately, the 2020 target
will not be achieved, as there were only 1,256
motorcycles and 40 cars on the road by the end
of 2019 (IESR, 2019). Despite this failure for 2020,
the government intends to keep these targets in
place for the following years. The roadmap also
targets 20% of the cars produced in 2025 will be
low-cost green cars (LCGC), the highly efficient
cars with engine capacity less than 1,200 cc and
fuel consumption of at least 20 km/l gasoline

On the other hand, the Ministry of Industry (MoI),
in its automotive sector roadmap, targeted that in
2020, 10% of the motorcycle and car production
should be low carbon emission vehicles (LCEV)
that include BEV, PHEV, HEV, and FCEV. The LCEV

Table 3. The automotive industry production roadmap by the Ministry of Industry.
Data from the Directorate General of Metal Machinery Automotive and Defense Industry of the Ministry of Industry (2019)
Cars

2020

2025

2030

2035

ICEV

975,000

1,200,000

1,650,000

2,000,000

LCEV

150,000

400,000

750,000

1,200,000

LCGC

375,000

400,000

600,000

800,000

TOTAL

1,500,000

2,000,000

3,000,000

4,000,000

Domestic market

1,250,000

1,690,000

2,100,000

2,500,000

250,000

310,000

900,000

1,500,000

Export

Motorcycles

2020

2025

2030

2035

ICE

7,200,000

8,000,000

9,375,000

10,500,000

Electric

800,000

2,000,000

3,125,000

4,500,000

TOTAL

8,000,000

10,000,000

12,500,000

15,000,000

Domestic market

7,500,000

9,000,000

11,000,000

13,000,000

Export

500,000

1,000,000

1,500,000

2,000,000
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(Directorate General of Metal Machinery Automotive and Defense Industry of the Ministry of Industry,
2019). The vehicle production targets based on the automotive sector roadmap is presented in Table 3.

Units

Units

This LCEV target by MoI is certainly more ambitious than RUEN. According to the target, an estimated
6.5 million LCEV cars would be on the road by 2035, comprising 17% of the total cars. This estimation
assumes about 1.5% of the existing vehicles are taken out of the road each year. Similarly, an estimated
32 million electric motorcycles would be on the road by 2035, or 16% of the total fleet. The assumed
replacement rate for motorcycles is slightly faster, with 3.5% per year. The 2020–2035 projection of car
and motorcycle fleets is presented in Figure 12.

Figure 12. Total car and motorcycle fleet projection based on the roadmap by the Ministry of Industry
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The influence of the established automotive industry on
the development of low carbon transport
Vehicle manufacturing and sales make significant
contributions to the Indonesian economy. The
Ministry of Industry (MoI) claimed that the
automotive industry contributed to 10.16% of the
national GDP in 2017. In addition, MoI also stated
that the automotive industry created 350 thousand
direct and 1.2 million indirect employment
(Kartika, 2018). The Indonesian Automotive Parts
and Components Industries Association (GIAMM)
released an even higher number, i.e., 480 thousand
workers employed by the automotive component
manufacturers and 2.5 million more employed by
the service and spare part outlets (Surjadipradja,
2019).
Indonesian car and motorcycle markets are
dominated by Japanese manufacturers, whose
participation in the global EV sales is still low. In
the top 10 of BEV sales for the first half of 2019,
the cars from Japanese manufacturers were not in
the list (Munoz, 2019). This situation might explain
the reluctance of the existing car manufacturers
in Indonesia to shift into electric vehicles. The
Indonesian Motor Vehicles Industries Association
(Gaikindo) even opposed the government’s
intention to ban the ICE vehicles sales by 2040,
which was expressed by the Minister of Energy
and Mineral Resources back in 2017 (Rudi, 2018).
Toyota, the world largest car producer, is the
current car market leader in Indonesia with 32%
of the 2019 market share, followed by Daihatsu
(17%) and Honda (14%) (Gaikindo, n.d.). Toyota is
yet to sell its first BEV globally, and it appears not
to prioritize BEV development in its plan, focusing
more on hybrid and fuel cell technologies (Lambert,
2019a). However, it has now acknowledged that
BEV deployment is going faster than expected and
thus plans to sell 4.5 million of HEV and PHEV, and 1
million of BEV and FCEV per year by 2025 (Schmitt,
2019). This plan is nevertheless much slower than

Tesla and Volkswagen (the second largest global
car maker) that expected to sell 1 million BEV
per year by 2021 and 2022, respectively (Holland,
2019).
In the Indonesian motorcycle market, Japanese
manufacturers also dominate the market. Honda
contributed to over 75% of the total sales in 2019,
followed by Yamaha (22%) (Nayazri, 2020). In the
global market, these Japanese manufacturers are
yet to mass-produce their electric motorcycles.
Honda had just launched its first electric
motorcycles for the Japanese market in 2018, and
later also to other countries including Indonesia,
with the corporate leasing mechanism due to
an uncompetitive price (CNN Indonesia, 2019a;
Honda, 2018).
Meanwhile, the start-ups producing electric
motorcycles have been sprouting around the world,
with the most successful one expected to reach 1
million sales by the end of 2019 (MotorCycles Data,
2019). In Indonesia, a few local manufacturers
started to enter the electric motorcycle market
(Ghozali, 2019a), although the actual sales are still
quite low with only over 1,200 units by the end
of 2019 (IESR, 2019). However, in 2019, aiming to
improve the economies of scale, the four largest
Japanese manufacturers announced that they were
collaborating for standardized swappable battery
technology and charging infrastructure (Tsantilas,
2019). This collaboration might significantly affect
the business of the electric motorcycle start-ups,
considering the strong market presence of these
companies.
The fact that an electric motor requires only less
than 20 components, much less compared to ICE
which has more than 2,000 parts, has been feared
to cause loss of employment in the automotive
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industry. The manufacturers of engine parts,
clutch, radiator, and gear will be the worst affected.
The other component producers, such as chassis,
steering systems, seats, and brake lining, will not
be much affected. Meanwhile, the electric motor,
battery, sensor, and microprocessor industries will
grow since they will be more needed in electric
vehicles.
Several major car manufacturers, including BMW,
Volkswagen, and Ford, stated that making electric
motors requires less workforce than making
gasoline-powered engines, with BMW specifically
mentioning a 30% working hours difference
(Behrmann, 2019). Another study estimated that
while BEV production requires less labor by 33%
to 38%, the production of HEV and PHEV increases
the labor requirement by around 5% for HEV and
10% to 25% for PHEV (Cambridge Econometrics,
2018). Additionally, the fewer components used
in EV make it require less maintenance. It means,
much less service and maintenance industry
might be needed, which will affect the 2.5 million
employment in service and spare part outlets.
Fraunhofer IAO and the largest German labor
union, IG Metall, conducted a study and suggested
that a shift to EV will cost German automotive
industries a net loss of 37,000–52,000 employment
by 2030, taking into account the new jobs from new
areas such as battery manufacturing. If productivity
improvement is included, the number will increase
to 80,000–90,000 job losses. This number equals
to almost 10% of the current employment in
automotive industries which is around 840,000
jobs, including 210,000 in drivetrain production
that is impacted the most (Bauer et al., 2018).
However, some other studies could provide a
different perspective. A study by M-Five expected
about 300 thousand job losses in vehicle
manufacturing and maintenance by 2035 assuming
electrification in most road vehicles. But it also
suggested that a net increase of 300,000 jobs in

the German transport sector could be achieved if
considering the non-manufacturing jobs such as
public transport drivers, sharing services, bikes, and
digitalization (Schade & Wagner, 2019). Becker et
al. (2009) also argued that additional employment
from charging infrastructure deployment would
offset the job losses in automotive manufacturing
due to vehicle electrification. They estimated that
the net employment in the United States could
increase by 130,000–352,000 depending on the EV
adoption rate, taking into account the job losses
in the automotive industry (manufacturing and
services) and gas stations, as well as job gains in
charging infrastructure deployment and battery
manufacturing.
In addition, a study by Cambridge Econometrics
argued that shifting away from ICE will reduce
consumer spending on imported fuels. The
disposable income will then be spent on other
things, driving investment and economic activities
in other manufacturing or service sectors. These
economic activities will generate additional
employment in the new sectors despite the
decline of jobs in the automotive manufacturing
and petroleum fuel industries (Harrison, 2018).
A literature review by de Bruyn et al. (2012) also
concluded that employment could increase if the
switching from ICEs to EVs lowers the total cost
of ownership, leading to additional consumer
spending in other areas of the economy.
In Indonesia, GIAMM and PIKKO (the association
of small and medium automotive component
industries) have expressed their concern regarding
electric vehicle penetration. GIAMM estimated
that the number of engine manufacturers
could decrease by 30% due to electric vehicle
development. PIKKO, which consists of smaller
industries, is more optimistic in welcoming
the transition to EV since they produce lower
technology components (Dananjaya, 2019).
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In general, the significant role of the established
automotive industry to the national economy and
the fear of job losses might hamper the transition
to electric vehicles in road transport. This could be
inferred from the relatively low target of EV share
set by MoI. With the current MoI target, the ICE
industry would still grow for the next 15 years, as
shown in Figure 12. This low target would mean
that there will be still a significant amount of ICE
vehicles on the road until 2050.
4.2 Current biofuel technology policies
and development
Through

RUEN,

the

government

plans

to

increase the share of biofuels in the total energy
consumption from 13% in 2025 to 18% in 2050.
The13% share translates into 30% biodiesel, 20%
ethanol, and 5% bioavtur blend mandates. The
ethanol and biodiesel blend mandates will stay the
same up to 2050, while the bioavtur mandate will
increase to 10% in that year. In addition to blending
targets, RUEN also requires the government to
set up a roadmap for biofuel feedstocks (with
the prioritization of non-food feedstocks) and the
provision of incentives for the biofuel production
in Indonesia.

The biofuel blending policy officially started in
2006 with the Presidential Instruction No. 1/2006.
Then, it was followed by the MEMR Regulation No.
32/2008 that set targets for biodiesel, bioethanol,
and vegetable oil for low/medium-speed engine
marine fuels. These targets are updated several
times, with the latest is the MEMR Regulation No.
12/2015. In this regulation, the blending targets
are higher than the initial ones, and a biofuel
blending target for aviation fuels is introduced. The
blending targets for each type of fuel is presented
in Table 4.
Despite the targets, by the end of 2019, biodiesel is
practically the only biofuel that exists in Indonesia.
However, even the biodiesel consumption was
far below the target until 2015, with the biodiesel
share was only below 3% of the total diesel fuel
consumption. It only jumped to 11% in 2016,
following the introduction of a biodiesel subsidy
program funded by the CPO export levy, managed
by the Oil Palm Estate Fund Agency (BPDPKS)
(Arinaldo et al., 2018). The other biofuel targets
are not implemented, and no specific policy is in
place yet to incentivize the use of those biofuels.
This situation puts a serious question of whether
the biofuel blending targets other than biodiesel
will be achieved at all.

Table 4. Biofuel blending targets
in the MEMR Regulation No. 32/2008 and the MEMR Regulation No. 12/2015.

Biofuel

Biodiesel

Regulation

2009

2010

2015

32/2008

1%

2.5% / 3%*

5% / 7%*

12/2015
Bioethanol

Marine fuel

Jet fuel

32/2008

15%
1% / 5%*

3% / 7%*

12/2015
32/2008
12/2015
12/2015

2020

2025

10%

20%

30%

30%

10% / 12%*

15%

5% / 10%*

20%

5%

10%

20%

20%

20%

2%

3%

5%

20%

5% / 10%*
1% / 2%*

1%

2016

2% / 5%*

3%
10%

In certain years, the blending target for the subsidized fuel is different from the non-subsidized one.
The target of non-subsidized diesel is marked with asterisk (*)
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The influence of the palm oil industry to the
development of low carbon transport technologies
The biodiesel industries in Indonesia rely heavily on

Biofuel Producers Association (Aprobi) are also

palm oil as its feedstock. Palm oil is an important

operating palm oil plantations as one of their core

commodity for the Indonesian economy. Crude

businesses (Asosiasi Produsen Biofuel Indonesia,

palm oil and its derivatives have been the most

n.d.-a). Thus, most of the CPO export levy that is

significant contributor to Indonesia’s export values

collected from the palm oil industry is mostly given

for many years. Over the last five years, palm

back to them. Over the 2015–2018 period, 56% of

oil products contributed to 10–12% of the total

the collected export levy was used to subsidize

non-oil and gas export values. Largest export

the biodiesel blending program (IESR, 2019). CNN

destinations in 2018 were India, the European

Indonesia reported that in 2017, five major palm

Union, and China with 6.7, 4.8, and 4.4 million tons

oil companies received subsidies amounting to

respectively (Jayani, 2019). The palm oil production

IDR 7.5 trillion (about USD 500 million) for the

is concentrated in a few regions, with over 50% of

biodiesel production, which was higher than their

the national CPO production in 2015 was produced

contribution in the export levy (CNN Indonesia,

in three provinces, namely Riau, North Sumatra,

2018).

and Central Kalimantan (Dharmawan et al., 2018).
The palm oil industries employ a large number of

As a result, the biofuel policy development in

workers, which gives it an important position in the

Indonesia has been influenced by palm oil trade

Indonesian economy, though no consolidated data

development. Indonesia has been producing and

published on it. Various governmental agencies

exporting biodiesel since 2009, as shown in Figure

mentioned between 8–21 million workers work in

13. The export dropped between 2015 and 2017,

the palm industries, including plantations. A large

influenced by the anti-dumping import duty policy

proportion of these workers were day labor (Koalisi

imposed by the European Union at the end of

Buruh Sawit, 2018). In comparison, the national

2013. The import duty policy led to an increase

workforce in 2018 was 131 million (Databoks,

in the national biodiesel blending target and

2019). However, the positive impact of the palm oil

establishment of BPDPKS that collected a levy from

industry to these workers’ welfare is questionable

the export of palm oil products and channeled

due to low salary and poor working conditions

it to various applications, including subsidizing

(Koalisi Buruh Sawit, 2018). In fact, according to the

biodiesel production (Kurniawan et al., 2018). The

Palm Oil Farmers Union (SPKS), the small-holder

shifting of an export duty to an export levy allocated

palm oil farmers are mostly forced to sell their

for this specific fund could potentially reduce the

palm fruit at a low price to the middlemen (Darto,

state revenue from the export duty when the CPO

2020).

price increases over USD 750/ton (Prawita, 2015).
However, most of the time, the CPO price is lower

Most of the downstream palm oil industries,

than that.

including biodiesel, are owned by the palm oil
companies. For instance, almost all of the 20

The biodiesel subsidy from BPDPKS initially only

biodiesel producers listed in the Indonesian

covered the blending with a subsidized diesel
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Biodiesel production and domestic consumption

Production

Figure 13. Development of biodiesel production, export, and domestic consumption. Data from Aprobi (n.d.-b)

fuel, known as public service obligation (PSO).

Indonesia, 2019b). Meanwhile, as mentioned in

Therefore, most of the biodiesel consumption

Chapter 3, biofuels from other feedstocks, such as

was from the blending with PSO diesel fuel. As

used cooking oil (UCO) or lignocellulose have the

a result, the government failed to comply with

potential to reduce more GHG emissions than the

the blending target set in the MEMR Regulation

palm oil-based biofuel.

No. 12/2015 (Arinaldo et al., 2018). In 2018, the
government decided to expand the coverage of

Moreover, if the GHG emission from the land-use

biodiesel subsidy to the non-subsidized diesel fuel,

change is not adequately addressed, the transition

which then successfully drove up the biodiesel

to biofuels would only shift the GHG emission from

consumption from only 2.6 million kl in 2017 to 6.4

the transport sector to the land-use sector. As also

million kl in 2019.

discussed in Chapter 3, when the land-use change
emission is considered, the emission from burning

The tight intertwine between biodiesel and palm

palm-oil biodiesels might double the conventional

oil industries could hinder the development

diesel. Meanwhile, the Chain Reaction Research

of

which

(2017) estimated that currently there are already

are necessary for sustainable biofuel future

6.1 million hectares of undeveloped palm oil

production.

government,

plantation permits located in peatland, forest, or

supported by the industry, is currently planning for

peat forest area. Another study indicated that the

the production of palm oil-based drop-in biofuels

domestic biodiesel consumption had provided an

to reduce further petroleum fuel imports (CNN

escape route for the palm oil producers that have

biofuels

from
For

other

example,

feedstocks,
the
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not adopted the “No Deforestation, No Peat, No

Palm Oil (ISPO), although recently an updated

Exploitation (NDPE)” policies. In 2020, companies

regulation would oblige all palm oil producers to

without the NDPE policies will produce 19% of

comply with ISPO. Such sustainability measures are

the allocated biodiesel (Chain Reaction Research,

essential to ensure that the shift from petroleum

2020). The government has exempted the palm oil

fuels to biofuels would not increase the emission

used for biodiesel production from sustainability

in other sectors.

criteria regulated in the Indonesian Sustainable
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Under the current policy scenario, IESR (2020)
projects that road transport will still dominate the
energy consumption in the Indonesian transport
sector until 2050 by contributing to 85%–88% of the
total energy consumption in the sector (see Table
5). With this projection, the energy demand from
passenger cars, buses, and trucks will triple over
the next 30 years, while demand from motorcycles
will only increase by almost 50%. This increase
translates into demand for biofuels (biodiesel) at 20
MTOE, petroleum fuels at 140.5 MTOE, electricity
at 0.1 MTOE, and natural gas at 0.1 MTOE by 2050.
The demand for alternative fuels will be lower
than RUEN forecast at 31.2 MTOE of biofuel, 11.9
MTOE of natural gas, and 2.7 MTOE of electricity.

There are pathways that can be taken by the
government to reduce the emission in the
transport sector. A study by the Climate Action
Tracker (CAT), for instance, laid out a pathway to
decarbonize Indonesia’s road and rail transport
sector that complies with the GHG emission limit
to keep global warming below 1.5oC (Climate
Action Tracker, 2019). This pathway involves
shifting to public transport and electrification of
road passenger transport as a long-term strategy
and improving fuel economy as well as increasing
biofuel blending as a short-term measure.
Although the study did not provide the pathways
for the harder-to-abate sectors such as aviation,
marine, and freight transport sectors, it suggested

Meanwhile, the demand for petroleum fuels would
increase from 123.2 MTOE projected in RUEN.

the government to develop a 1.5oC compatible
plan for those sectors.

In terms of emissions, IESR projects that the GHG
emission from the transport sector will reach 454

Another study by Dominković et al. (2018) provided
a step-by-step process to figure out transition

MtCO2 by 2050 (see Figure 14). The projection was
made by using Tier 2 CO2 emission factor set by

possibilities. It starts with the shifting to electricity,
followed by shifting demand from the modes that

MEMR (2017) and the energy demand and fuel
mix modelled by IESR (2020a). The GHG emission
includes the CO2 emission from direct fuel
combustion in vehicle engines, CO2 emission from
electricity generation, and non-land-use related

cannot be electrified to other modes that can be
electrified and choosing the alternative fuels for
the remaining demand. This chapter attempts to
provide the decarbonization measures using a
similar approach for the passenger road transport

GHG emission from biodiesel production.

(electrification) and the heavy-duty transport,
before laying out the possibilities of modal shifting
in the Indonesian transport sector.

Table 5. Projection of energy demand in the transport sector. Table is reproduced from IESR (2020a)
Unit

2020

2021

2022

2023

2024

2025

2030

2040

2050

Passenger Car

MTOE

17.4

18

19

20

21

22

26.2

37.8

52.8

Bus

MTOE

4.6

4.9

5.1

5.3

5.6

5.8

7.0

10.1

14.1

Truck

MTOE

15.9

16.7

17.5

18.2

19.0

19.7

23.9

34.5

48.2

Motorcycle

MTOE

14.0

14.5

14.9

15.4

15.8

16.1

17.9

19.9

20.6

Passenger Train

MTOE

0.2

0.2

0.2

0.2

0.3

0.3

0.3

0.5

0.8

Freight train

MTOE

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.2

0.3

Passenger
plane

MTOE

4.4

4.6

4.8

5.0

5.2

5.4

6.7

10.1

14.5

Freight plane

MTOE

0.6

0.6

0.6

0.6

0.7

0.7

0.9

1.3

1.8
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Figure 14. CO2 emission projection based on the energy demand projection in Table 5.
Data from the author’s calculation
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5.1 Electrification of passenger road transport
Various studies suggested that electrification of
road transport is imperative to decarbonize the
transport sector (Agora Verkehrswende, 2017;
Climate Action Tracker, 2019; Dominković et al.,
2018). CAT, for example, suggested that to achieve
the 1.5oC target, the whole road passenger fleets
including cars, motorcycles, and buses have to be
electric by 2050. With this target in mind, Indonesia
has to stop the sales of conventional vehicles by
2035–2040 (Climate Action Tracker, 2019).
One of the main challenges for electrification is the
high upfront costs of electric vehicles with much
of these costs are import taxes (Ghozali, 2019b).
With no domestically-produced-electric cars, it
is estimated that in the MPV class, the imported
HEV, PHEV, and BEV will cost about 2, 2.2, and 2.8
times the conventional cars. Meanwhile, Indonesia
already has domestic electric motorcycle
manufacturers which help keep the purchase price

of electric motorcycles competitive at an average
price point of 30% higher than the conventional
motorcycles (IESR, 2020b).
IESR (2020b) suggested that through the
implementation of supportive demand-side
policy instruments, the EV market share in
Indonesia could reach 85% for passenger cars
and 92% for motorcycles by 2050. The provision
of tax exemptions for EV and additional taxes for
conventional vehicles, as well as the availability
of public charging stations are the essential
instruments to drive EV penetration in Indonesia.
With those instruments, electric vehicles will
comprise 74% and 83% of the car and motorcycle
stock by 2050 (see Figure 15). It appears that
demand-side incentives alone are not sufficient
to stop the sales of conventional vehicles by 2035.
Supply-side policies such as the implementation
of fuel economy standard, the banning of ICE
vehicle sales, and the limit of vehicle lifetime will
be necessary to reach the penetration target.
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Figure 15. Shares of different vehicle technologies in car and motorcycle fleets in the ambitious EV penetration scenario.
Reproduced from IESR (2020b)
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Table 6. BRT fleet size in various cities
Cities

BRT fleet size

Sources

Jakarta

3,548

Sufa (2020)

Bandung

184

Dinas Perhubungan Kota Bandung (2017a, 2017b)

Semarang

153

Ade Bhakti Ariawan (n.d.)

Solo

150

Marwoto (2020)

Yogyakarta

128

Dinas Perhubungan Daerah Istimewa Yogyakarta (n.d.)

Surabaya

28

Parwata (2019)

Palembang

120

PT Sarana Pembangunan Palembang Jaya (n.d.)

Pekanbaru

75

Tari (2020)

Another study by the Economic Research Institute
for ASEAN and East Asia (ERIA) estimated that
for Indonesia to achieve 100% BEV sales by
2040, investments for EV technologies, charging
infrastructure, and power generators will cost
the country at least USD 386 billion. The required
investments could increase to almost USD 600
billion if cleaner power generators are built.
Moreover, a cumulative government subsidy of
USD 180 billion until 2040 is needed to close the
price gap between EVs and conventional vehicles
(Suehiro & Purwanto, 2019). Imposing additional
taxes for the conventional vehicles will significantly
reduce the subsidy burden and may provide
additional incomes for the government in the longterm (IESR, 2020b).
Other than private cars and motorcycles, buses
are another mode that has the potential to be
electrified. For buses, the easiest to electrify is the
city bus networks since the government-owned
companies manage most of them. By 2016, 20
cities have their own BRT systems, although some
of these BRT networks are struggling to survive
and even stopped their operation in a few cities
(Aliy, 2016). The largest city bus network is in
Jakarta, with 2,217 medium to large size bus fleets
and 1,331 microbus fleets (Sufa, 2020), while
other cities have much smaller bus networks (see

Table 6).The Jakarta BRT company (Transjakarta)
has already performed pilot tests and planned to
deploy 100 electric buses by the end of 2020. It
aims to electrify 50% and 100% of the total bus
fleet by 2025 and 2030 respectively and procure
2,000 electric buses annually (Sufa, 2020). A
study by Grütter Consulting on two corridors
of Transjakarta indicated that the total cost of
ownership (TCO) of an electric bus system is 30%
to 110% higher than TCO of a diesel bus system,
depending on the charging type used. The most
expensive system is the system with overnightcharged electric buses due to their larger battery
capacity requirement. If the buses are fast-charged
(3–5 minute charging time) at both ends of their
route, the system cost will reduce significantly due
to much smaller battery capacity needed. If the
charging infrastructure cost is not included, TCO
of an electric bus system could match the diesel
bus system. To electrify both corridors that are
served by 137 buses, a total investment of USD
102 million will be required (Grütter & Franken,
2019).
Vehicle electrification would induce additional
power consumption. In case of 100% EV sales
for cars and motorcycles by 2040, IESR (2020a)
estimated the additional electricity demand would
be about 236 TWh by 2050, increasing by 19%
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from the total electricity demand in the reference
scenario. Meanwhile, the oil consumption would
decrease by 48 MTOE, or about 30% reduction of
the total oil consumption by the transport sector
in 2050. Suehiro and Purwanto (2019) estimated
that 100% full electric car and motorcycle sales
by 2040 would result in 30% increase (220 TWh)
in electricity demand by that year, while the oil
consumption could be reduced by 52 MTOE (both
calculations did not include the electrification in
buses). Assuming an electric bus is 5.5 times more
efficient than a conventional bus (Sufa, 2020), 100%
electrification of buses in Indonesia could result in
an additional 30 TWh of electricity demand in 2050.
The additional power demand can be fulfilled either
by renewables or coal. With the global coal demand
expected to decline, the government might shift
coal consumption to the domestic market. If this
happens, the electrification will be less impactful
in reducing the GHG emission. As mentioned in
the previous chapter, the shift to electric cars will

only increase the total GHG emission in Indonesia
under the current electricity generation mix. While
the shift help reduce oil consumption, oil imports,
and local air pollution in urban areas, it will also
increase air pollution in the areas where new coalfired power plants will be installed. In addition,
the adoption of electric vehicles could provide an
opportunity for the integration of the power and
transport sector through the use of smart charging
infrastructure and bidirectional charging (vehicleto-grid) technology (Agora Verkehrswende, 2017).
With most vehicles parked for 95% of the time,
they could be connected to the grid and, with the
help of bidirectional chargers, provide services to
the power grid such as demand response through
coordinated charging, peak shaving, active and
reactive power regulation, and spin reserve (Ehsani
et al., 2012). These services could help accelerate
the decarbonization in the power sector. Therefore,
the future charging and grid infrastructure should
anticipate this potential benefit through the
integration with the power sector.
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5.2 Transitions in heavy-duty transportation
For heavy-duty transport, such as heavy-road
transport (trucks), shipping, and aviation, direct
electrification is more challenging to implement.
IEA’s Energy Technology Perspective, in its below
2oC scenario, estimated that by 2060, the global
GHG emission reduction from trucks, shipping,
and aviation should be reduced to 91%, 71%, and
85% of the emission level in 2015 respectively.
By 2060, 66% of non-urban heavy-road transport
will be using plug-in hybrid or catenary (overhead
lines) electric vehicles, while only 8% will still use
diesel engines. For urban heavy-transport, 43% will
use battery electric vehicles, 28% plug-in hybrid or
catenary, and only 3% will use diesel engines. For
aviation, the report suggested significant efficiency
improvement of 68%, a shift from aviation to highspeed rail to reduce aviation activity, and the use
of advanced biofuels by 70% in 2060. For shipping,
efficiency improvement, wind assistance, and
switching to advanced biofuels will be the major

contributors to the total emission reduction from
the reference scenario in 2060, each by 33%, 19%,
and 20% respectively (IEA, 2017a).
A study from the Energy Transition Commission
(ETC) outlined a more ambitious scenario of
achieving full decarbonization of heavy-duty
transport by 2050. The study developed an
illustrative pathway for energy mix in the hardto-abate sectors, which aims to roughly indicate
the order of magnitude of each technology
deployment to achieve net-zero emissions. This
pathway estimated that biofuels would play a
major role in the decarbonization of aviation even
for the long term. For shipping, biofuels will be
important in the short term, but development in
ammonia and hydrogen technology will replace
biofuel demand in the long run. In heavy-duty
road transport, electrification and fuel-cell electric
vehicles will play the leading role (ETC, 2018a).
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5.2.1 Heavy-duty road transport
ERIA (2018) estimated that TCO of full-electric
trucks in Indonesia would be already lower than
ICE trucks by 2025, assuming 15,000 km annual
distance (which is considerably low). However, it did
not specify whether that is for heavy-, medium-, or
light-duty trucks. McKinsey projected that TCO for
heavy-duty electric trucks (>14–16 tons, depending
on countries) would reach parity with diesel ones
for long haul usage (500 km/day) by 2030 in the
US, Europe, and China. For medium- (>6–7.5 tons)
and light-duty trucks (>1.8–3.5 tons) and for the
shorter distance, the parity will be reached sooner
(Heid et al., 2017). Considering the low fuel price
in Indonesia, the parity might come later than
those countries. This TCO advantage would result
in improved competitiveness of electric trucks,
primarily because the users of the commercial
vehicles consider economic factors highly in
making a purchase decision (Heid et al., 2017). ETC
estimated that globally the capital cost (excluding
taxes) of BEV and FCEV would be only about 20%
higher than ICE trucks by 2030; therefore, the
operational cost (majority from fuel cost) will be a
deciding factor. With higher efficiency and cheaper
electricity, BEV will be economically superior to
biofuels (ETC, 2018c).
However, despite the cost parity projection by
those studies, the BNEF projection suggests that
the penetration of electric trucks in Indonesia
would be much lower than the global trend, at
least until 2030 (Wehling et al., 2020). According to
the projection, the global penetration of mediumand heavy-duty trucks in 2030 would reach 6%
and 4% of the sales. In Indonesia, the penetration
is expected to be less than two-thirds of that rate.
This situation would improve in 2040, with the
penetration in Indonesia is expected to be only
10%–33% lower than the global rate. The global
penetration rate, though, would only be 19% and
10% of the medium- and heavy-duty truck sales in
2040.

The limitation of existing battery technology poses
a significant challenge for electrifying heavy-duty
trucks. ETC estimated that for a truck with 700
km distance between charging, an additional 2
to 3 tons of weight can be expected, resulting in
reduced freight capacity. Charging will be another
issue since the 700 km range would require about
a 600-kWh battery, which would take quite some
time to charge even with the fast chargers, e.g., 1.5
hours with 400 kW chargers (ETC, 2018c). Although,
the greater availability of fast charging locations
might solve this issue by allowing drivers to charge
more often at a shorter charging time, depending
on their trip requirement.
The case might be more difficult for the FCEV
penetration. Globally, the hydrogen cost needs to
be lower than USD 0.09/kWh to keep it competitive
with the diesel ICE in 2030, while the electrolysisbased hydrogen is expected to cost USD 0.15/
kWh. The hydrogen produced through natural
gas reforming is expected to cost only USD 0.05/
kWh in 2030, which could outcompete the diesel
ICE and become comparable with BEV. However,
considering the lower fuel price in Indonesia, it
could be even more difficult for FCEV to enter the
market (ETC, 2018c).
Natural-gas-fueled trucks might be more
competitive than electric and fuel-cell trucks.
BNEF estimates that the role of natural-gas-fueled
trucks would comprise a significant part (24%)
of the heavy-duty truck fleet in major markets
(United States, China, Europe, Japan, India, and
South Korea) in 2040, compared to electric (16%)
and fuel-cell (8%) (Wehling et al., 2020). However,
the natural gas vehicles, as mentioned previously,
could not reduce the GHG emission significantly
compared to the conventional petroleum-based
ICE.
Another option that might help the transition is to
shift to rail and shipping, which is far more energy-
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efficient than trucks. At a global scale, about 35%
and 5% of the long-haul road freight can be shifted
to rail and shipping (ETC, 2018c). This shifting
results in about a 10% GHG emission reduction
from the total heavy-road duty transport.
Dominković et al. (2018) suggested an even more
ambitious assumption that 90% of heavy-duty
trucks could shift into electrified rail transport. In
their most ambitious scenario, Siagian et al. (2015)
assume that about 20% of the freight activity can
be served by rail transport by 2050, an increase
from only 3% in 2010.
5.2.2 Marine transport
Marine transport is expected to contribute a small
fraction of the transport energy demand, i.e.,
about 5% by 2050, mostly for freight transport. The
International Maritime Organization (IMO) pledged
to reduce the GHG emission from shipping by at
least 50% by 2050 compared to the 2008 level.
Energy efficiency improvement can be achieved
through a speed reduction and implementation
of an energy efficiency standard for new fleets. A
10% speed reduction can reduce the emission by
19%. IMO has the Energy Efficiency Design Index
that mandates new ships to be 20% and 30%
more efficient in 2020 and 2025, which might be
modified into a stricter target.
Halim et al. (2018) provided pathways to
decarbonize international shipping, with the
maximum intervention scenario achieving a
95% GHG emission reduction by 2035. Several
assumptions in this scenario are demand
adjustment due to decline in fossil fuel trade
and rise in intra-regional trade; maximum ship
speed reduction (26% to 65% of current standard
operation leading to a 43% emission reduction);
technical improvement (e.g., wind assistance
and block coefficient improvement) reducing up
to 30% emission; 10% share of electric ships in
total shipping fleets; and hydrogen and ammonia

dominating the fuel mix by 70%, together with
biofuels (22%) and liquefied natural gas (LNG) (5%).
In contrast, ETC (2018d) suggested that optimizing
operational efficiency, including reducing speed,
will only result in a 4% emission reduction.
Technical efficiency improvement could improve
the energy efficiency of the new fleets by 30%
to 55%, while retrofitting existing fleets could
improve efficiency by 15%. As for the alternative
energy source, emission-wise, hydrogen and
ammonia fuel-cell could be less polluting than
diesel fuels and biofuels if the carbon intensity of
electricity goes below 200 and 50 gCO2/kWh. LNG
would only reduce the GHG emission by 12% at
most, neglecting the upstream methane leakage.
Cost-wise, synthetic ammonia would outcompete
biofuels when the electricity price goes below
USD 0.06/kWh, assuming that the biofuel costs
200% higher than the conventional marine diesel.
It noted though that the biodiesel price could
decline in the future, making ammonia less costcompetitive. It also indicated that ammonia is
still in the development stage, thus will not be
deployed in the near future. Considering the long
lifespan of ship vessels, about 25 years (Halim et
al., 2018), biofuels might still play a considerable
role by 2050, even if ammonia becomes more
competitive.
ETC’s study also suggested that decarbonizing
shipping might increase the cost of sea transport
by 110%. However, since a majority of shipping is
for freight transport, the impact of the additional
cost to the price of the end product is negligible.
In addition, Halim et al. (2018) also estimated that
the cost increase induced by these improvements
would not significantly affect the modal share of
freight transport.
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5.2.3 Aviation
IESR (2020a) projected that energy demand from
aviation would triple by 2050, contributing about
10% of the total transport energy demand, with
about 90% coming from passenger flights. The
International Air Transport Association (IATA)
forecasted that Indonesia passenger flights would
increase more than three times over 20 years,
from 129 million passengers in 2017 to 411 million
passengers in 2037 (IATA, 2018).
The International Civil Aviation Organization (ICAO)
estimated that under an optimistic technology
improvement scenario, until 2050, 0.98% annual
energy efficiency improvement can be achieved.
Another 0.39% improvement can be achieved
through operational improvement (i.e., air traffic
management and infrastructure use) (Fleming &
de Lépinay, 2019). According to the IATA roadmap,
as cited by ETC (2018b), energy efficiency
improvement can reduce 30–45% GHG emission
compared to the BAU scenario in 2050.
Further decarbonization requires the use of
alternative fuel or engine technology. The low
energy density of existing battery technology limits
its application in long-haul flights. The battery
energy density needs to improve five times to 1.5
kWh/kg to be technically feasible for extended flight
use (ETC, 2018b). Either bio-jet fuel or synthetic
jet fuel will have to be used as a replacement of
the petroleum jet fuel. The production cost of
bio-jet fuel is currently about two to three times
the conventional jet fuel, though it could be lower
with increasing production worldwide. Synthetic
fuel is expected to be cheaper than biofuel when
the electricity price is lower than USD 0.03 per
kWh. The switch to alternative fuels will induce an
additional 50% to 100% of fuel cost, which could
result in about a 10–20% ticket price hike in a longhaul flight (ETC, 2018a).

Modal shifting from flights to high-speed rail (HSR)
could reduce the GHG emission significantly. In the
European Union average, the WTW GHG intensity
(gCO2/pkm) of the air transport is about six times
higher than the high-speed rail (IEA & International
Union of Railways (UIC), 2012). Even in countries
with carbon-intensive electricity such as China, the
GHG per pkm of HSR is comparable to EU average,
although the GHG per train km is considerably
higher by about three times (IEA & International
Union of Railways (UIC), 2017).
IEA in Railway Handbook 2017 suggested that
HSR has not caused a major change to global
aviation activity. However, for certain routes, HSR
could reduce aviation volume significantly, by
about 50% (IEA & International Union of Railways
[UIC], 2017). D’Alfonso et al. (2016) listed various
studies indicating that HSR could compete with air
transport for trips of 200–1,000 km while offering
low benefits for trips below 150–200 km and
uncompetitive for trips above 800–1,000 km. ETC,
however, suggested that the short-haul flights
comprise a small fraction of global aviation so that
even with a third of the short-haul flights shifted
to HSR, only about a 10% GHG emission reduction
will be achieved (ETC, 2018b).
Considering those trip distances, in Indonesia, a
large part of inner-island flights, especially in Java
island, could potentially be shifted to HSR. Such
inner-island flights are estimated to contribute
considerably to the total domestic flights, although
the actual data is not available. For example,
about 25% of the domestic flights departing from
Soekarno-Hatta Airport in Jakarta are inner-island
flights, with about 700 km trip length at most
(Jakarta–Surabaya).
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reduction in the Indonesia projection. For
passenger air transport, IEA estimated that
cutting 25% of air travel growth between
2005–2050 would reduce about 25% of the
emission in the baseline scenario, equaling to
11 MtCO2e emission reduction.

5.3 Options for decarbonizing
the transport sector
The decarbonization of the transport sector should
aim to fulfill the 1.5oC scenario, which means
limiting transport’s GHG emission at 2 MtCO2e in
2050 (Climate Action Tracker, 2019). Considering
the technological options as described above, the
electrification of light-duty road transport and
some parts of heavy-duty road transport would be
the main strategy. Meanwhile, biofuel utilization
should be aimed at decarbonizing the rest of
heavy-duty road transport, marine transport, and
aviation.

•

Global Fuel Economy Initiative analysis indicates
that globally, fuel economy improvement plays
a significant role in reducing the GHG emission,
especially in passenger cars and heavy-duty
trucks (Kodjak & Meszler, 2019). In the case
of Indonesia, however, the contribution of
fuel economy improvement of motorcycles
could be more significant. The fuel economy
improvement could be driven by efficiency
improvement of ICE vehicles and penetration
of electric vehicles. The same report suggests
that the average fuel economy of new ICE cars,
heavy-duty trucks, and motorcycles needs to
be improved annually by 2.1%, 1.7%, and 1.4%
respectively. Applying this recommendation
to Indonesia’s situation, the potential GHG
emission reduction from ICE cars, heavyduty trucks, and motorcycles are estimated
at around 24%, 20%, and 13% respectively by
2050, compared to the BAU scenario.

Before assessing the potential for electrification
and biofuel utilization, possible demand reduction
needs to be identified first. However, due to a lack
of data, it is not possible to establish a specific
pathway to decarbonize the Indonesian transport
sector. In the following parts, we attempt to lay out
possible options for decarbonizing the sector.
•

Demand management
A study by Replogle and Fulton (2014)
estimated that by increasing the share of
public transport to about 58% of the total
travel demand by 2050 could keep the GHG
emission of urban passenger transport close
to the 2010 emission level. This equates to
about 30% reduction from the emission in
the 2050 baseline scenario, which assumes
only 30% of travel demand is fulfilled by public
transport. If applied to Indonesia’s emission
projection in Figure 14 and assuming that
urban passenger travel comprises 60% of the
total passenger transport’s energy demand,
the emission reduction from modal shifting
could reach 47 MtCO2e, accounting for 10% of
the total GHG emission.
For freight transport, IEA (2009) estimated that
shifting 50% of the truck travel demand growth
between 2005–2050 to rail could reduce the
land (road and rail) freight transport GHG
emission by about 18%. This number would
translate into about 27 MtCO2e emission

Fuel economy improvement of conventional
vehicles

•

Vehicle electrification
As suggested by the Climate Action Tracker
(2019), to comply with the 1.5oC compatible
scenario, the electrification of passenger
cars, motorcycles, and buses needs to reach
almost 100% of the total fleets by 2050. This
would mean that there are no new sales
of conventional vehicles by 2035. The EV
penetration projection by IESR (2020b) for
passenger cars and motorcycles is modified to
reach 100% EV sales in 2035, resulting in 95%
EV share in both passenger car and motorcycle
fleets by 2050. Bus electrification is assumed
to follow the penetration of passenger cars,
due to the limited data available. In fact,
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Table 7. Electrification ratio assumptions for each transport mode
2025

2030

2035

2040

2045

2050

Passenger cars

9%

26%

45%

70%

86%

95%

Motorcycles

2%

16%

37%

61%

82%

95%

Buses

9%

26%

45%

70%

86%

95%

Trucks

2%

6%

9%

14%

19%

25%

long-distance buses might not be as easy to
electrify as passenger cars. However, there
is no available information on the share of
urban buses and long-distance buses. BNEF
(2020) projected that 67% of the global bus
fleet would be electric by 2040. This number
is close to the passenger car penetration rate
used in this analysis.
The electrification of freight transport is
assumed to be about 20%–25% of passenger
transport, assuming that electric trucks
penetrate slower than passenger cars in all
weight classes. BNEF (2020) projects that only
25% of the light-duty trucks and less than 10%
of the medium- and heavy-duty trucks would be
electric by 2040. While there are opportunities
to electrify rail transport, the share of rail
transport in the GHG emission is negligible,
hence its electrification is not assessed in this
section. Similarly, no electrification of ships is
assessed despite Halim et al. (2018) predicted
that 10% of the ship fleets could be electric by
2035. No electric airplane is assumed to be
deployed by mid-century. The electrification
assumption for this simulation is presented in
Table 7.
•

Biofuel utilization
Currently, biofuel is the most promising low
carbon alternative for the non-electrified
modes. However, it is not well understood the
amount of biofuel required to decarbonize
the rest of the transport sector. For this
assessment, biofuel is assumed to gradually
supply all non-electrified parts of the transport

sector, up to 100% by 2050. The biodiesel/
green-diesel share is assumed to increase
from the existing 30% starting in 2025 and to
reach 100% by 2040. The biogasoline share is
assumed to increase from 0% starting in 2025
and reaching 100% by 2040. The bio-jet fuel
share is assumed to increase to 2% in 2025,
85% in 2040, and 100% in 2050, following the
“Maximum” scenario by the ICAO Secretariat
(2017). For shipping, the biofuel blend is
assumed to be 20% in 2025 and 100% in 2045.
Figure 16 simulates how each option listed
above affects the transport GHG emission if
enacted individually or combined. All options
in the simulation assume that the emission
from biofuels is 35% of the petroleum fuel
emission (excluding the land-use emission)
and power generation mix used follows the
realization scenario by IESR (2020a), except
the “combined low carbon” scenario. For the
combined low carbon scenario, the biofuel
emission assumes the waste biomassbased biofuel (as presented in Figure 10)
and electricity generation follows the energy
transition scenario by IESR (2020a). The energy
transition scenario sees no new coal power
plant after 2025, and old diesel and gas power
plants are phased out by 2024.
This simulation indicates that there is no single
policy option that could fully decarbonize the
transport sector. As a single action, switching
to biofuel would reduce the GHG emission the
most, if the land-use emission is not factored
in. However, as argued at the beginning of
Chapter 5, the total switch to biofuel would not
be possible without opening new plantations,
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Figure 16. Implication of different decarbonization options to the GHG emission from the transport sector.
Data from the author’s calculation

which could potentially induce more land-use
GHG emissions. Combining all options could
reduce the emission by about 75%. Ensuring
decarbonization in the power sector and using
less emission feedstock for biofuels could
reduce the emission by more than 90%.
Figure 17 presents the final energy mix based
on the combined decarbonization options.
With intensive demand management, fuel
economy improvement, and electrification in
passenger road transport, the energy demand

will drop significantly to only 70 MTOE by
2050, instead of 160 MTOE. The higher
efficiency of electric vehicles mostly drives
this decline in energy demand. About 30% of
the energy demand in 2050 will be supplied
by electricity, while the rest by liquid fuels,
in this case, biofuels. However, even if the
biofuel blending proceeds at a slower rate, the
need for petroleum fuels is already reduced
considerably, basically kept at the current
level.

Figure 17. Mix of the final energy demand in the transport sector by energy sources based on the combined decarbonization
options. Data from the author’s calculation
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Figure 18 shows the share of each type
of biofuel according to the combined
decarbonization
option
scenario.
This
illustration suggests that as the ICE vehicle
sales in road transport stop in 2035, biofuel
demand will consequently decline. This decline
is more apparent in the biogasoline demand,
which is consumed by passenger cars and
motorcycles. The biogasoline consumption is
projected to reach a stable peak of about 14
MTOE over a short period between 2035 and
2040. After 2040, increasing penetration of
electric vehicles would drive the biogasoline
fueled ICE out of the market. Bio/green
diesel consumption is expected to also peak
in about 2040, although there would still
be relatively high demand due to the low
electrification rate of the trucks. However, if
the electrification of medium- and heavy-duty
trucks grows faster, the demand could also be
significantly reduced after 2040.
This situation might create an overproduction
of biogasoline (and probably also green

diesel). However, with EV uptake increases
globally, there might not be much demand
from other countries either. Fortunately, with
the electric propelled airplanes not expected
to be common by mid-century, the increasing
demand for bio-jet fuel might cover the
decline in biogasoline and green diesel
demand. Moreover, there is also a possibility
to convert the biofuel production facilities into
biobased chemical production since some
biofuel production processes undergo similar
routes with basic chemical products (de Jong
et al., 2020; Karatzos et al., 2017). The demand
for the biobased chemical is also expected to
increase in the future. Dornburg et al. (2008),
for example, estimated that the biobased
chemical demand could reach more than 100
million tons in 2050 if the condition is favorable
(e.g., high oil price, rapid technological
development, low biomass feedstock price,
high demand growth, and available subsidy).
Therefore, the biofuel production facilities
should consider the future potential to switch
into other products.
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decarbonization options. Data from the author’s calculation
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With the pressing problems of climate change,
air pollution, and fuel import dependency, a
transition from the existing fossil-fueled transport
system is inevitable. From the technological
aspect, there are different options available, i.e.,
efficiency improvement, vehicles electrification,
and sustainable fuels (biofuels, hydrogen, or
synthetic fuels), each with their respective
benefits and drawbacks. Each transport mode has
different characteristics, hence requiring different
approaches. For instance, while electrification is
widely acknowledged to be the main strategy for
light-duty vehicles, the heavy-duty transport modes
might benefit more from the use of sustainable
biofuels and improved fuel efficiency.

by the Paris Agreement, which aims to limit
global warming below 1.5oC from the preindustrial level. This would mean that the GHG
emission from the transport sector needs to
come close to zero by 2050.
However, there is no integrated low carbon
transportation roadmap that is based on
the GHG emission targets. Instead, different
planning documents related to transport
sectors are not aligned with each other, e.g.,
the energy planning for the transport sector
in RUEN, a roadmap of low carbon emission
vehicle production by the Ministry of Industry,
a roadmap of biofuel development by MEMR,
and the presidential regulation on electric
vehicles. Moreover, the existing roadmaps
have not been implemented seriously. For
example, the biofuel target failed to come into
realization in most of the years since the first
stipulation back in 2008. This lack of coherence
will only confuse and send unclear messages
to the market to move forward, resulting in
delayed, if not misdirected transitions.

The issue is how to make the transition successful
as well as how to mitigate the risks of the transition
to the stakeholders, including the industries,
workers, and public in general. The existing
policies and regulations have not provided a clear
vision of what the future transport system would
look like, let alone the pathway to get there. To
smoothen the transition process in the Indonesian
transportation sector, the government needs to
perform the following actions.
•

The process of creating the roadmap should
involve all relevant stakeholders in the different
governmental agencies, business/private
sectors, impacted communities, experts, the
public in general, and from various sectors
including transportation, urban planning,
energy, industry, etc. The stakeholders need
to realize that a transition is taking place and
understand their respective roles. This can be
done, for example, through the establishment
of a transition task force, as in the case for
Germany (Amelang, 2018) or Chicago on a
more local scale.

Establishing an integrated roadmap and
measurable plan for low carbon transport
in accordance with the Paris Agreement
target
As already elaborated above, the transition
to low carbon transport will involve efficiency
improvement (both system and technology),
electrification of vehicles, and the utilization of
alternative low carbon fuels. All these would
not happen overnight, but instead, require
thorough planning and management to
avoid major disruption to the infrastructure
and stakeholders. Therefore, an integrated
roadmap of low carbon transportation is
necessary to provide a clear signal and
direction to the stakeholders on which
decarbonization options and technologies
need to be developed and invested in. More
importantly, this roadmap should be guided

•

Integrating sustainable mobility as part of
urban planning
As promoted by the ASI framework for
sustainable transport, it becomes increasingly
important to integrate mobility as part of
urban planning. This integration resonates
with the “Avoid” and “Shift” principles of the
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framework, which has so far been largely
neglected, as noted by Jaeger et al. (2014).
This is especially important when considering
that Indonesia is a growing nation, with new
urban areas emerging across the country.
Moreover, Indonesia is also moving its capital
and developing new metropolitan areas.

In passenger road transport, it is also essential
to start implementing push measures to
discourage the use of carbon-intensive
transport, such as fossil-fueled private vehicles.
While there is some evidence of pull measures
in public transport policy (e.g., subsidies for
bus rapid transit programs in several cities)
and non-motorized transport (e.g., bike lanes
and pedestrian improvement), the push
measures are missing. Cheap fuel and parking
tariff, low private vehicle tax, and absence of
car/motorcycle-free zones are indicating the
lack of push measures. Meanwhile, a synergy
between push and pull measures is necessary
to create a successful modal shift (Dijk et al.,
2018).

This situation means that new urban
development plans, including the transport
system plan for these areas, need to be
established. It is a significant opportunity to
integrate the transport system with spatial
planning as the “Avoid” measure. This move
would not only result in an emission reduction
but also better public wellbeing in general. For
instance, better urban planning will reduce
travel time and travel cost, which, according
to Winata & Rarasati (2018) are some of the
sustainable transport variables that correlate
with social wellbeing. Other benefits include
a reduction of congestion, air pollution,
traffic noise, and accidents as well as health
improvement due to increased active (nonmotorized) transport. In addition, avoided
transport would also mean fewer resources
needed for vehicle manufacture, less waste
produced as vehicles reach end-of-life, and
fewer infrastructure impacts (Smith et al.,
2016).
As importantly, integrated urban planning
should include policies that could encourage
modal shifting to public and non-motorized
transport. Such policies include the expansion
of pedestrian and biking infrastructure,
integration and improvement of public
transport, establishment of vehicle-free
zones, and parking system management.
Wider implementation of traffic improvement
technologies, such as intelligent transport
system and area traffic control system is also
a part of the sustainable mobility planning.
•

Implementing measures to encourage the
shifting from carbon-intensive transport
modes

The need for modal shifting measures also
applies to other carbon-intensive transport
modes. An example for the aviation sector, a
study from the United Kingdom proposed that
imposing a progressive levy for frequent flyers
could potentially reduce flight demand as well
as distributing the flights more equally across
the income groups (Devlin & Bernick, 2015).
Another example, in June 2020, the French
government has asked Air France to cut 40%
of its domestic flights, especially when the
alternative rail with less than 2.5 hours travel
available, as a part of the bailout package for
the company (Patel, 2020). In freight transport,
modal shifting from long-distance trucks to
rail and shipping could also reduce the energy
consumption and GHG emission significantly
since rail and shipping are much more efficient
modes.
•

Establishing more stringent regulations on
vehicle emissions
In parallel, it is essential to establish more
stringent regulations on vehicle emissions,
both for the pollutant and GHG emissions
(through fuel efficiency regulation). Currently,
there is no regulation for mandatory fuel
efficiency improvement. The average fuel
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consumption of passenger cars in Indonesia
in 2017 was considerably high, at 7.9 lge/km
compared to other emerging economies and
global average which were at 7.5 and 7.2 lge/
km respectively (IEA, 2019a). Establishing
a mandatory standard for fuel economy is
essential to drive its improvement. It has been
implemented in 10 of 15 major countries
which make up about 70% of the global
car market. Countries with fuel economy
regulation and incentives experienced 60%
faster improvement compared to those that
have none (IEA, 2019a). Implementation of
such standards may even help driving up
the adoption of alternative vehicles such as
electric vehicles (IESR, 2020b).
ICCT suggested that long-term standards
provide sufficient time to allow manufacturers
to strategize for compliance. Besides,
allowing some flexibility for manufacturers
in complying with the standards can reduce
cost, boost technology innovation, and give
rise to cost-effective ways for long-term fuel
economy improvement. This flexibility can be
provided through several methods: targeting
improvement of corporate average instead of
an individual model, allowing accumulation
and trading of credits, allowing credits for
improvement that cannot be measured
using standard fuel economy measurement
procedure, and giving super credit for
alternative vehicles (e.g., electric vehicle and
flex-fuel vehicle) through credit multiplier or
other tools. Besides, fiscal incentives (through
emission-based taxation) and fuel economy
labeling are also important instruments to
complement the fuel economy standards
(Yang & Bandivadekar, 2017).
As for pollutant emissions, the existing
regulation for passenger cars adopts Euro
IV standard (to be implemented in 2021 for
diesel engines), while for motorcycles, the
regulation has been applying Euro III standard
since 2013. These standards are already
lagging behind the standards applied in most

of the G20 countries, including Brazil, China,
India, Russia, and Mexico (Du & Miller, 2017).
Stricter emission standards will also require
better quality fuel, which can partly be covered
by biofuels. In general, biofuel burning emits
less air pollutant than petroleum fuels due
to its lower sulphur content, except for
the NOx emission that, in some cases, is
higher than petroleum fuels. Even though a
stricter pollutant emission standard will not
directly reduce the GHG emission, it can help
disincentivize producers and consumers to
use ICE vehicles and foster the adoption of
electric vehicles that emit no pollutants.
In addition to road vehicles, Indonesia also lags
for the emission control in marine transport.
While the International Maritime Organization
(IMO) requires the use of fuel with less than
0.5% sulphur content for international ships,
Indonesian government imposes less stringet
requirement on domestic ship trips (Christina
& Khasawneh, 2019).
•

Carefully
planning
infrastructure
development to anticipate the future
evolution
of
different
transport
technologies
Transition towards a low carbon transport
system will involve building supporting
infrastructures, although the extent of
development will depend on the pathway
pursued. The new infrastructures include,
for example, renewable power generators,
smart grid, charging infrastructure for electric
vehicles, refineries for biofuel, or hydrogen
production plants and refueling stations for
fuel cells.
Transition to electric vehicles needs to be
thoroughly planned to ensure that the
electricity infrastructure can cover the
demand at the least cost. Emerging power
demand from electric vehicles might require
additional power generation capacity and
grid expansion. However, this additional
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investment can be minimized by employing
demand management measures, such as the
utilization of smart-charging technologies.
Furthermore, there is a growing global interest
in the potential of vehicle-to-grid technology to
support the integration of power and transport
sector. These technological developments
need to be anticipated and integrated into the
infrastructure planning. Otherwise, wasteful
investment might be made. For example,
not considering smart-charging may lead to
unnecessary investment in additional power
generation and grid capacity.
The utilization of biofuel needs to be planned
carefully to avoid overcapacity of biofuel
refineries which may become stranded assets
when electric vehicles dominate the fleet. This
is especially important considering that the
government has been putting much focus on
biofuel program. As presented in Section 5.3,
aggressively increasing biogasoline share in
low-duty road transport may result in refinery
overcapacity after the year 2040, along with the
maturing phase of electric vehicle adoption.
While there is a possibility to revamp biofuel
production facilities into bio-based chemical
refineries, it needs to be planned in advance
since not all biofuel production processes are
similar to those for bio-based chemical.
It is also important to consider the existing
petroleum
fuel
infrastructure
future,
especially with the newly built refineries
that will start their operation in the next five
years. Even with the existing 30% biodiesel
blending program, Indonesia can already
self-fulfill its diesel fuel demand. This means
further increase of biodiesel blending rate
will instigate overcapacity of petroleum diesel
refineries.
•

Conducting studies on the economic
impacts of transition on transport sector
and subsequently planning the mitigation
therefor

Transition to low carbon transport, to some
extent, will inevitably affect the established
automotive industry. Increasing utilization of
electric vehicles might eventually replace the
existing automotive industry which is based
on internal combustion engines. Transport
demand management measures can suppress
the demand growth for motor vehicles. Some
countries having strong automotive industry
presence fear that this potential decline
will affect their economy. However, studies
indicate that the decline in conventional
automotive industry might drive economic
activity in other sectors, which may even lead
to increased job opportunities. Apart from
automotive industry, other sectors that may
be negatively affected by the transition are the
petroleum industry and, to a lesser extent, the
biofuel/palm oil industry.
In relation to the transformation in automotive
and petroleum industry, some jobs might
become obsolete and be replaced by new
types of jobs. These jobs might require
different skills from the existing automotive
industry. With employment in conventional
automotive industry expected to decline
due to vehicle electrification, it is necessary
to identify the kinds of jobs that potentially
emerge in the planned low carbon transport
system and the kinds of knowledge and skills
needed for those new jobs. For example,
electric vehicles will introduce digitalization to
transport sector. These new jobs will require
a type of work that differs from that of the
conventional automotive industry that is
mostly manufacture-based. It might not be
possible to involve the existing manufactureoriented automotive workforce in this kind of
jobs, and therefore, something needs to be
arranged for these workers.
Studies concerning the foregoing situation
are still limited in Indonesia despite the
importance of automotive industry in the
national economy. Therefore, the government
should conduct studies on the economic
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impact of transition to low carbon transport
on the national economy. Only then, the
government can plan the appropriate actions
to be taken to minimize, or even avoid, the
negative effects while gaining the most of the
benefits. Special attention should be given
to the millions of labor force and hundreds
of small-medium enterprises that might be
directly affected by the transition.

development (R&D) activities through research
grants or national research programs (Qiao &
Lee, 2019; van der Steen et al., 2015). In China
and California, the manufacturers are also
incentivized through zero-emission vehicle
standards that give credits to manufacturers
that comply with EV production quota, which
can be traded with other manufacturers (Qiao
& Lee, 2019). Indonesia’s automotive industry
has never focused on R&D, but since the new
(and local) players emerge to participate in
electric vehicle industry, this may change,
particularly because EV technology itself is still
developing, unlike ICE.

All potential negative effects to the existing
industry should not turn the government away
from the transition to low carbon transport.
Instead, it should encourage the government
to take the lead in the process and ensure a
just transition for all stakeholders.
•

While a shift to electric vehicles is expected
to minimize the environmental impacts from
transport sector, without proper regulation,
it may be otherwise. First, it is crucial to
decarbonize power sector, since with a coaldominated power generation mix, switching
to electric vehicles might actually increase
the GHG emission, without even considering
the possible rebound-effect of using “clean”
vehicles. Second, production of batteries–a
significant component in electric vehicle–will
bring about increased mining activities for the
material, especially nickel, which is abundantly
available in Indonesia. Mining activities have
been known to incur environmental damages
and social conflicts. This has to be mitigated
to ensure the transition’s benefits. Stricter
monitoring for mining activities needs to be
established. Also, battery management plans
need to be arranged to avoid the accumulation
of battery waste in the next 20 years. The
government has to make sure that all electric
vehicles related projects perform a proper
environmental and social assessment.

Providing an enabling environment for the
development of electric vehicle market and
domestic industry
As concluded by IESR (2020b), the government
needs to provide supportive policies to spur the
demand for electric vehicles. Fiscal incentives
provided
through
the
emission-based
taxation scheme and tax exemption for EV are
necessary to reduce the price gap between EVs
and ICEs, especially for car market. Besides,
non-fiscal incentives such as free parking, toll
exemption, odd-even exemption, and use of
bus lanes can help increase the attractiveness
of EV. Investment in public charging facilities
is necessary for EV market to develop once it
becomes price competitive.
Once the market is ready, indicated by
increasing uptake of EV in the market, the
industry will need to be developed. Otherwise,
the increasing demand will be supplied by
imported vehicles, which means missed
investment and job creation opportunities. In
developing the industry, supply-side incentives
will be necessary to help the domestic industry
competes with EV industries abroad. Several
countries such as Germany, Sweden, China,
and the United States (California) provide
various financial incentives for research and

•

Intensifying research on sustainable
alternative fuel for non-electrified modes
A large proportion of energy demand from
transport sector will not be for electricity,
which comes from heavy-duty transport, i.e.,
heavy-duty road transport, shipping, and
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aviation. This demand needs to be supplied
by alternative low carbon fuel in the form of
biofuel, hydrogen/ammonia, or synthetic fuel
produced by electricity. Currently, only biofuel
has been developed, although limited to
conventional biodiesel (FAME). Conventional
biodiesel can be blended with petroleum
diesel to fuel heavy-duty road transport and
part of the ships that use high-speed diesel
engines.
To fully decarbonize heavy-duty transport, it
is impossible to rely solely on conventional
biodiesel, especially since it needs to be
blended with petroleum diesel. Instead, dropin biofuel or synthetic fuel needs to be used
if the existing infrastructures and engine
technologies are to be kept. Otherwise,
hydrogen/ammonia fuel-cell technology poses
a potential to be used in heavy-duty road
transport and marine transport in the future,
even though it requires new infrastructures.
This fuel-cell technology has a significant
advantage over biofuels and synthetic fuels in
terms of local air pollution.
Drop-in biofuel, synthetic fuel, and hydrogen
fuel (and vehicle technology) are currently
still in their infancy and not economically
competitive. Globally, research is going on for
the foregoing and Indonesia should take its
role–especially in drop-in biofuel technology–
since there is abundant biofuel feedstock
potential available, even without considering
palm oil. With the government’s enthusiasm in
supporting biodiesel program, it will be wise
to also invest in the development of drop-in
biofuels. The future of biofuel lies in the drop-in
types since it can be used 100% in the existing
infrastructures and engines, which is especially
crucial for aviation fuel. The future demand of
aviation biofuel is expected to increase with
global jet fuel demand potentially reaches 300
million tons by 2030 and 600 million tons by
2050. This will open a vast market of aviation
biofuel in the future.

•

Establishing strict environmental and social
safeguard mechanisms for biofuel
Research on the upstream processes of
biofuel, especially for the sustainability of
feedstock, should be enhanced. The current
palm oil-based biodiesel is shadowed by its
sustainability issue arising from land use
change and deforestation (Malins, 2018).
Currently, the data available on the life cycle
GHG emission of palm oil-based biofuel
production in Indonesia are very limited. Data
transparency and traceability of feedstocks
are lacking, making it difficult to properly
perform the life cycle analysis. As a result,
there has been incessant debate over biofuel
sustainability. Improving transparency and
traceability should be the first step to achieve
sustainable biofuel production.
Strict sustainability criteria should be imposed
on the whole biofuel supply chain. Domestic
biodiesel industry, if not regulated by strict
sustainability criteria, will provide a market for
non-sustainable palm oil that is unacceptable
in other markets that implement sustainability
policies such as NDPE. Additionally, monitoring
and enforcement mechanisms should be
established. Improving transparency may
increase public participation in the monitoring
process.
Further, intensive research for alternative
feedstock and improvement in existing palm
oil plantation productivity should be enhanced.
Development of alternative feedstocks should
consider their sustainability aspect to avoid
similar problems that challenge palm oil
industry today. Utilization of waste materials
(e.g., waste biomass and used cooking oil),
in particular, will result in significantly higher
GHG reduction and less social-environmental
hurdles compared to energy crops. That
said, there might be challenges in resource
collection and continuity. In addition,
more diverse feedstocks will also reduce
dependence on certain resources.
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