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controlled by local stakeholders and community, and with the lack of long-term planning,
continuous government incentives and support, they are bound to fail due to the lack of
maintenance. The use of solid biomass for household has decreased significantly due to
the government support for LPG stoves that overtaken other government projects
supporting biomass. Small-scale biomass research is showing good progress towards the
implementation of novel methods for biomass utilization. However, majority of the
medium and large-scale projects are still relying on old technologies such as direct
biomass combustion in boilers rather than the more environment friendly gasification
technology. Another major biomass contribution to national energy mix is through liquid
biofuels. This work summarizes the current and prospective energy mix in Indonesia and

Keywords: the main conventional and non-conventional energy sources and their environmental
Solid biomass; biodiesel; bioethanol; concerns. This work also gathers the latest local biomass research and biomass power
energy mix in Indonesia; gasification plant projects.

1. Introduction

The enrolment of Industrial Revolution (IR) 4.0 is a key milestone to the economy of Indonesia.
However, as a developing country with large population, this poses a significant challenge with high
technological equipment to support this development. The shift to IR 4.0 is expected to have a
considerable influence on energy consumption which in turn has a direct effect on energy policy and
sustainable energy goals [1]. A roadmap to IR 4.0 in Indonesia to achieve sustainable industry was
proposed by Hidayatno et al., [2] discussing the role of the different ministries in the government in
conjunction with the private sector, industry and society. The negative effect of IR 4.0 on
environment in terms of pollution and the increased demand for energy can be driven towards
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increasing the industrial productivity to develop new technologies to enhance energy efficiency and
to increase the renewable energy production share. Despite having a significant effect on energy
sustainability, industrial sector comes second in terms of energy consumption as reported by the
Indonesian Energy Outlook (IEQO) [3]. The report stated that around 114 MTOE was consumed in the
year 2018 (excluding traditional biomass), with highest consumption of 40% by the transportation
sector, followed by industrial sector (36%), household (16%) and commercial sector (6%). The
Indonesian Yearbook Statistics showed that the total number of registered motor vehicles including
passenger cars, buses, trucks and motorcycles exceeded 146 million by end of the year 2018 [4]. A
short-term strategic plan (2010-2030) was proposed by Deendarlianto et al., [5] to reduce the energy
consumption and environmental impact of the transportation sector in Indonesia. The proposal
investigated several scenarios that implemented different options such as 20 years’ vehicle
retirement program, natural gas (NG) fuelled public transportation, hybrid vehicles and the adoption
of different types of biofuels. Early retirement of vehicles below 20 years was proposed as the most
significant factor for short-term along with the utilization of biofuels in new vehicles and NG in public
transportation. Another statistical investigation limited the retirement of vehicles to 15 years and
predicted the market to hybrid cars in Indonesia for the period 2018-2028 [6]. Results showed that
the market for hybrid cars depended entirely on the competitiveness of the hybrid cars prices
compared to the conventional ones. The statistical sample showed that around 32% of the people in
the sample are willing to purchase hybrid cars if the prices are competitive. Jayed et al., [7]
investigated the possibility of the wide adoption of biofuel-flexible engines that can utilize biodiesel
in Malaysia and Indonesia as the largest producing countries of palm oil. The study concluded that if
biodiesel is adopted in commercial scale transportation to replace fossil diesel, then the production
of biodiesel from palm oil will be economically feasible. Electrical vehicle (EV) is another widely
investigated alternative to reduce the impact of transportation sector on energy sustainability.
Indonesian government policy also indicates the shift towards this option as stated by the President
Regulation No. 55/2019 concerning the acceleration of the battery—based electric motor vehicle
program for transportation. Also, the President Regulation No. 73/2019 which sets the amounts of
exhaust emissions and fuel consumption of the different vehicle categories [8]. One of the widely
investigated potential benefits of EV is only to consume electricity but also to support the national
electrical grid is known as the vehicle-to-grid (V2G) program. Several studies investigated the V2G
potential to reduce the fluctuation of load in the national electrical grid in Indonesia and also to
enhance the quality of the electrical supply in terms of the frequency fluctuation. The studies showed
the potential for the parked EVs by motivating the participants through incentives from the service
providers and a suitable government policy [9-11].

2. Energy Policy in Indonesia
2.1 Current Energy

The importance of energy access is acknowledged in the Indonesian energy low number: 30/2007
(Article 3, point f). The aim is to improve the accessibility to energy for the Low-income bracket and
remote areas residents by providing assistance to increase the availability of energy and building
energy infrastructures [12]. The residential electrification has reached 98.3% in March 2019 [13]
exceeding the previous target of 97.5%, and the plan is to reach 100% electrification by end of 2020.
As for the electrical load distribution in the year 2018, highest share of 42% was consumed by
household, followed by 33% for industry, 25% for commercial use and below 1% for the
transportation sector mainly by electrical commuter trains as shown in Figure 1 [3].
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Fig. 1. Electrical load distribution on the different sectors in the
year 2018 [3]

Erahman et al., [14] evaluated the energy security index (ESI) in Indonesia based on energy
availability, affordability, accessibility, acceptability and efficiency. The study found a steady annual
elevation in ESI averaging about 2.7%. As the energy availability is a part of ESI, the rate of residential
electrification has played a significant role, averaging an increment of about 5% per year during the
studied period 2008-2013. This elevation rate reduced to about 4.4% per year up to the year 2017
reaching a national electrification of 95.35%, but the annual increment is expected to reduce to about
1% until the full national electrification target is achieved. One critical issue for fast spread of
electrification in off-grid rural areas is the use of micro-grids or local distributed generation. On one
hand, it can be achieved with minimal infrastructure and competitive cost for the short-term. On the
other hand, it would have low chance of success if the purpose is to increase the number of
installations for political campaign gains without a proper long-term planning with adequate
government incentives for operation and maintenance. An important factor to avoid this scenario is
the awareness of the local stakeholders and community, which can be aided by external players such
as independent media, non-profit organization, academics, etc. [15]. This issue was further
elaborated by Sato et al., [16] regarding the existing micro hydro power plant in the off-grid rural
areas. The power plant is handed over to the community and usually fail for the long-term due to the
low operating and maintenance budget. The authors proposed the involvement of private companies
to handle the power plants for the long-term with suitable government policy.

Reaching the set milestones of national electrification must go in parallel with the improvement
of the peak-load generation. The industrial sector, especially the micro and small enterprises (MSEs),
with no backup emergency generators suffer from the low reliability of electrical supply during the
peak-load periods. It was estimated that the total financial losses caused by electricity blackouts in
the MES sector in Indonesia can reach nearly USD 5 million annually [17]. Although, the economic
status is heavily influenced by the ESI, there is no official definition or indexing of the energy poverty
in Indonesia, and the common consent is that the energy poverty can be avoided by providing
electricity and clean energy to households. The guideline provided by the International Energy
Agency (IEA) limits the spend on energy to 10% of total income to be considered as energy-poor [18].
According to Sambodo et al., [19], the multidimensional poverty index (MPI) accounts for three main
factors namely: health, living standard and education. The study considered the IEA standard limit
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with electricity minimum consumption of 100 kWh/person/year or 32.4 kWh/household/month to
be considered as energy-poor. Based on these international standards, the study concluded that
about 53% of household in Indonesia are energy-poor and the transportation section consumed the
highest share of energy spending. It also found that the non-energy-poor households spend more on
the non-food items compared to food-items unlike the energy-poor households. Another factor that
affected the Indonesian economy considerably is the reliability of the electricity supply. Electricity
demand forecasting through 2030 was investigated using load curve modelling by McNeil et al., [20].
The study predicted an increase of 205% in electricity demand in the period 2010-2030 reaching up
to 77.3 GW. Peak loads were predicted mainly by air conditioning and other appliances; however,
the use of smart energy management and efficiency residential appliances could drop the peak load
by 26 GW. Residential energy efficiency targets can be achieved through the movement towards the
smart-city scheme planned by the Indonesian government. The guidelines for Smart City Master Plan
were published by the Ministry of Communication and Information Technology [21]. Statistical data
were gathered to investigate the status of six major cities in Indonesia as the main candidate for the
smart city target [22].

2.2 Energy Resources

Energy is essential to drive all the developing sectors, but the problem arises from the fact that
the main source of energy in Indonesia is still currently dominated by fossil fuels [3]. However, as the
Indonesian economy is heavily dependent on fossil fuels, abandoning the use of fossil fuels entirely
is not an option. Alternative carbon-neutral energy sources mainly nuclear and renewable are
currently considered to cover a portion of the energy requirements. The decentralized political
nature of Indonesia with the governance at a multilevel necessitates that trust build-up passes
through the sub-national level in horizontal manner and then it goes up to the national level.
Therefore, controversial energy sources such as nuclear needs to be heavily promoted to the local
governments by the National Nuclear Energy Agency of Indonesia (BATAN). First public survey on
nuclear power was conducted in 2010 by BATAN and yielded around 60% public acceptance, while
the yield dropped to 49.5% in the second survey in 2011 after the Fukushima nuclear disaster [23].

According to the national statistics in 2019, energy mix in Indonesia for electrical power
production comes mainly from coal (50%), followed by natural gas (29%) and crude oil (7%) as shown
in Figure 2 [3]. The contribution to the national grid from renewable energy is mainly by large hydro
power plants contributing around 7%, while other renewable resources contributes around 7%
despite the government support and subsidies. However, for the general energy mix for all sectors,
oil consumption showed significantly higher demand reaching 32% of total energy demand on par
with coal since it presents the main fuel for the transportation sector. Total gas consumption was
29% in 2018 which included natural gas and also liquefied petroleum gas (LPG), while total renewable
energy contribution (including hydro) was quite limited of 9% only. The fast economic growth in
Indonesia in the past three decades elevated urbanization and energy consumption rates, which
resulted in steady increment coal share in the energy mix [24]. However, with sharp drop on coal
prices, natural gas presents a good candidate in Indonesia to preach the gap for the medium-term
from the economy and environment perspectives [25]. However, with the increased local demand
for NG and the slow development in the infrastructure of NG exploration and production, Indonesia
is moving towards being a net importer in the near future [26]. Coalbed methane (CBM) reserve was
estimated to be 453 trillion cubic feet with huge potential to reduce the current energy mix in
Indonesia. However, with the current under-investment and lack of exploration, CBM is not expected
to affect the short-term energy mix strategies [27].
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The availability of renewable energy resources in Indonesia in abundance opens the possibilities
and future scenarios for speculation. However, the implementation of renewable energy (other than
large hydro) is still lacking behind where the contribution was about 3% back in 2011 [3] and
increased by only 4% in the current decade despite the efforts and planned strategies by the
Indonesian government.
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Fig. 2. The installed capacity of electricity energy from renewable
sources in 2018 [3]

Predictions by IEO [3] for the general energy mix for all sectors were simulated in three different
scenarios: Low Carbon (RK), Sustainable Development (PB) and Business as Usual (BaU). The
predictions were based on fixed population growth rate of 0.7%, and the results for the years 2025
and 2050 for the three scenarios are summarised in Figure 3 [3]. For the BaU model, coal
consumption is expected to be maintained at the same current value of 32%, while renewable energy
is expected to play more significant role with the current government policy to move towards low
carbon footprint, reaching 29% by 2050. On the other hand, RK scenario presents the highest
dedication towards green policy reaching up to 58% contribution from renewable energy by 2050
while reducing coal down to 22%. All scenarios predicted a significant drop in oil consumption with
the current government plans to move towards electrical vehicles, biodiesel, bioethanol and gas fuels
for the transportation sector.
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Fig. 3. Indonesia energy mix target by 2025 and 2050 for BaU, PB and RK
scenarios [3]

RK scenario presents the highest renewable energy share of 58% in the year 2050. However, for
the long-term energy mix planning, depletion and drop in production rates of the main fossil supplies:
coal, gas and oil has to be considered. New long-term government policies to prioritize renewable
energy have to be established to maintaining national energy security and independence. The main
issues facing the development of renewable energy resources in Indonesia are the government
regulations, the environmental aspect, and infrastructure problems [25]. Lessons from the past
failures have to be learned to avoid hindering the progress towards the renewable energy
commitment in the future. The Aceh Green initiative (2007-2012) by key UN bodies and donors aimed
at shifting the economy towards the “green-economy” principle. However, Swainson and Mahanty
(2018) summarized the factors that led to the failure of this initiative as it focused on the end goals
and ignored the necessary negotiations with the political structures. Despite the seemingly support
of the green economy by the politicians, the current economy structure is based on conflicts and
contests over power by various groups. Thus, clear analysis of the interests and goals of the different
groups in the green economy structure with the necessary trade-offs are needed for the intervention
to success [28].
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2.3 Renewable Energy and Environmental Impact

The announced Intended Nationally Determined Contribution (INDC) of the Indonesian
government indicated the commitment to greenhouse reduction up to 29% in alignment with the
2015 Paris Agreement. Continuing with the current fossil-based power generation, greenhouse
emission is expected to increase by nearly threefold by 2030 [29]. Therefore, Handayani et al., [30]
investigated the possibility of expanding the power system to meet the electrification demands while
still achieving the INDC target by 2030. The main factor was found to be the increment in the natural
gas share in the energy mix while reducing coal, as 11-14% reduction in greenhouse emissions can
be achieved. Other factors included the expansion of the renewable energy sources, mainly
geothermal, hydro and biomass with smaller shares of photo voltaic (PV) and wind. Al Irsyad et al.,
[31] investigated similar greenhouse emissions reduction target to the previous study with expansion
in the existing power plans fuelled by coal, natural gas and oil. Expanding the capacity of the current
power plants failed to reach the emission target by the year 2028. The study predicted higher
contribution of wind energy especially the offshore due to the maturity of wind turbine technology
lowering the technical risk and cost. This was followed by the large and micro scale hydro power
plants, biomass and PV. Small scale vertical axis wind turbines have been getting more attention
lately as they can operate efficiently in direct installation on rooftop along with PV as hybrid system
[32]. Some of the challenges facing the contribution of renewable energy to the national
electrification are the high fossil fuel subsidies, monopolistic nature of electricity-policy dominated
by the state electricity company or Perusahaan Listrik Negara (PLN) and the absence of long-term
policies that can involve privet electricity generation such as feed-in-tariffs [33]. Energy policy
reformulation is needed for the long-term to include the private sector as a major player in the
national electrification in order to meet the INDC [33].

So far, hydro power presents the main renewable energy source in Indonesia with the
geographical advantage within the tropical rain belt resulting in high number of rivers. This is further
aided by the higher power efficiency compared to other renewable resources in the range of 60-90%
[34]. Mini and micro hydro power are promising candidates for the prospective landscape of
renewable resources in Indonesia due to the wide spread of small and medium rivers with low
payback period compared to the other renewables [35]. Another geographical advantage is the
unique location above the belt of fire providing huge potential of medium and high temperature
geothermal power generation of nearly 29GWwhich was estimated to be about 40% of the global
potential [36]. Wide range of mapping and prediction techniques for the active sites have been
investigated [37]. The short-term plan set by the government is to reach about 9.5 GW generation
capacity by the year 2025, but the target was eventually revaluated down to 7 GW [38]. Majority of
the installed geothermal power plants operates on single-flash design while only two plants operates
on dry-steam design [38].

Solar energy can be utilized as direct electricity using PV panels or as heat source through solar
collectors [39] or combined heat and power using water-cooled PVT systems [40]. PV panels saw
significant elevation in the number of installations in the rural areas since 2015. However, most of
the installations was supported by foreign investments, which constrains the local investments and
increases the economic risk for the long-term [41]. Burke et al., [42] discussed the energy policy
constrains in Indonesia facing the small and medium solar and wind investments when connected
directly to the grid with frequent changes in the regulations since 2013 especially for PV.
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3. Bioenergy in Indonesia
3.1 Environmental Impact

Biomass and biofuels are usually perceived by the public as polluting and non-environment-
friendly fuels. The main sources for the environmental concern related to biomass are the forestry
management, the use of biomass in household for cooking and waste management. The concept of
waste-to-energy was reviewed, and it was shown to be a key factor towards low-carbon policy [43].
As for the first source, pollution and greenhouse emission concerns are mainly related to the policies
of deforestation, forest and peatland degradation. The land use change and peat fire contributed
nearly 60% of the annual emissions in Indonesia in 2014 [44]. The first phase of National Action Plan
for Greenhouse Gas Emissions Reductions (2010-2014) was implemented as part of the preparations
for the INDC commitment [45]. However, many flaws in the design of the actions prevented the
achievement of the target greenhouse emission in the forestry sector. Many of the actions were
reused from previous policies designed for different objectives and not aimed directly at the
reduction of emissions [46]. The design of the actions should include restricted control of
deforestation, incentives and supported projects for forest rehabilitation and carbon conversion [47].
Mangroves forests with its high carbon density has high potential of rehabilitation reaching up to 3
folds higher greenhouse reduction compared to other forestry resources [48]. lllegal logging and
illegal land clearing with open fire were identified as the main causes of forest degradation and
increased the chance for forest fires [49]. Edwards et al., [50] tracked the forestry fire causes in dry
seasons in Indonesia to be partially affected by decentralization of the districts and the economic
growth in those districts. Statistics showed that villages in more remote and underdeveloped areas
where fire is practiced for agriculture were more prone to be affected by forest fires. Qil palm
plantation is a major player in the environmental aspects where concerns have been raised as the
expansion in plantation cased around 20% reduction in rainforest area since the year 2000 [51].
Another issue is the life cycle greenhouse footprint from palm oil production. Although, the total
contribution of palm oil is less than 7% of the total footprint, the contribution ranges from 1% up to
52% depending on the region, where some places in Indonesia are overly used for oil palm plantation
[52]. The negative effect of palm oil production on greenhouse footprint can be significantly reduced
by limiting the plantation expansion to the non-forest areas and by limiting methane release to
atmosphere by improving the production process [52]. Recent research on CO; and methane capture
techniques have shown significant advancement through adsorption at wide range of temperatures
[53].

As for the second source of environmental concern, nearly 89% of population used kerosene with
other fuels for the household cooking [54], while biomass was used by nearly 50% of the population
by the year 2004 [55]. Therefore, government initiative was started in the end of 2007 and through
2008 to promote the use of LPG for cooking through subsidies and the distribution of free LPG
packages containing stove and 3kg LPG container. This campaign aimed at reducing the energy
poverty also to reduce the health risks from smoke and CO emissions from the improper combustion
of biomass [55]. Investigating the public respond to this campaign showed that to those who refused
to switch from biomass to LPG, the later was viewed as a hazardous fuel, and also, they preferred the
traditional cooking style and taste. In general, the campaign has shown a good success with an
elevation in LPG use from 10.5% up to 47%, with reduction in kerosene use from 36% down to 9%
[57]. The use of LPG with modern stoves not only improves the wellbeing of the household as a
cleaner fuel, but, it can be also utilized as a mid-step to switching to green fuels such as biogas in the
medium and long terms [58]. For the short-term solution for utilizing biogas, studies showed that
biogas produced in farm households is plausible for the short terms and showed a good respond from
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the surveyed farmers. However, the production complication and the resistance to switch from the
traditional cooking with firewood were the main obstacles [59-61]. For the medium-term, biogas
digesters in distributed generation facilities could be utilized in junction with the available LPG
infrastructure for household cooking were LPG can be used as backup supply in case of supply
shortage [62]. However, for the long-term commitment to the restricted greenhouse emission policy,
biogas production from sewage-sludge central treatment could be incorporated to central gas
distribution in different districts [63].

The management and disposal of municipal solid waste (MSW) is another environmental concern.
However, the high plastic content (up to 14%) in MSW presents the major concern were majority of
the plastic ends up in the sea causing serious pollution of the marine environment [64].

3.2 Bioenergy Policy

Biomass potential in Indonesia is very large with abundance of variety of fuel resources that can
be utilized as a national energy supply in the future. However, biomass energy is not fully utilized
with less than 3% contribution to the national energy mix in the year 2018 [3]. The early attempt of
the Indonesian government to set the goal for biofuel production (President Regulation No. 5/2006)
was ambitious with a target of 2% biofuel contribution to the national energy by 2010 and 5% by
2025 [8]. However, many shortcomings slowed down the shift to biofuels including the overlap in
policies between the central and local governments, weak government support of biofuel production
with the cancelation of the early subsidies and insufficient R&D and infrastructure for production and
utilization in transport and power sectors [65]. The largest biomass resource in Indonesia is the forest
residues were about 68% of the land area is covered by forest. The economic evaluation showed that
converting forest residues into pellets will increase its value in market up to 5.6 USD/ton where it
can be used directly in combustors, boilers of gasifiers [66]. Few decades ago, biomass from forestry
and crop wastes presented the main fuel for household energy supply for cooking and water heating
which had negative impacts in terms of safety and health concerns. However, low prices of kerosene
and LPG dropped the share of biomass energy usage for household in the last decade significantly.
Programs such as biomass cooking stove initiated by the government [67] to continue the trend of
biomass using but with more environment friendly approach was not able to compete with the new
cleaner fuels. Another point of view to reduce greenhouse emission is by increasing the “in-use wood-
based carbon stocks” from forestry which is around 30% in Indonesia. This is done by delaying the
release of carbon to atmosphere through the production of long-lasting wood products that can be
used by community such is building materials [68].

Oil palm became the largest agriculture sector with rapid growth in large-scale plantation which
triggers the environmental concerns as it resulted in many social and environment impacts. The
conflict in state and non-state policies of plantation and production certification has led to the
introduction of Indonesian Sustainable Palm Qil (ISPO) policy national certification for all Indonesian
oil palm plantation companies [69]. The challenges and legalities facing the independent palm oil
plantation and production smallholders to comply with the ISPO requirement were discussed by
Schoneveld et al., [70]. The use of palm oil for bioenergy production is still debatable. The use of new
land for oil palm plantation has to be controlled to avoid deforestation as well as the disturbance of
food security and urbanization. Many researches evaluated the positive and negative effects of the
expansion of oil palm plantation on environment, society, and economy of Indonesia. Papilo et al,
[71] evaluated the Sustainability Index Assessment (SIA) of biofuel production from palm oil based
on social, environmental, and economic aspects. The average SIA score was 35% with unstainable
(16%) social aspects in terms of job and income security as well as the access to modern energy
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services. The economic aspects showed slightly better sustainability score of 38% which include the
availability and diversity of energy as well as the needed logistics and infrastructure for bioenergy
development. Lastly, the highest score was 51% for the environmental aspects with moderate
sustainability in terms of the greenhouse footprint life cycle assessment and waste management [71].

For power generation using solid biomass, several obstacles need to be overcome including high
investment and operational costs, short lifespan of equipment, difficulties in controlling emission and
particulate matter (PM) pollution, and high cost of raw biomass pre-treatment and transport [25].
Biomass utilization can be feasible for small and medium scale distributed generation near fuel
sources such as rice and oil mills [72,73]. Oil palm mills deal with fresh fruit bunch to produce oil,
however, around half of the mass ends up as waste in the form of kernel shells and empty fruit
bunches. These important types of biomass can be converted into gaseous fuel known as producer
gas (PG) to run engine to provide the needed heat and power for the mill [74].

Liquid biofuels, on the other hand, can solve most of the issues associated with solid fuels with
easier fuel handling and higher energy density. The National Biofuel Development Team (TimNas
BBN) was established back in 2006 to set the road map for biofuel development in Indonesia [75],
with a set target of 5% contribution to the national energy mix by 2025 [4]. One of the early bio-
ethanol production facilities was established back in 1982 in Lampung using plant cassava waste as
the raw material [76]. The policy of biofuel targets and blends with gasoline for transport sector have
changed through the years, with the latest target (presidential regulation no. 12/2015) set to 10% by
2020 and 20% by 2025 of the total gasoline consumption. Another important source for bio-ethanol
production is the sugarcane, where land use for sugarcane plantation has to increase from 0.47 Mha
in 2015 up to 1.14 Mha in 2025 to achieve the production target [77]. The life cycle assessment of
greenhouse emissions from bio-ethanol production process with cane molasses as the raw material
resulted in 29 g of CO2 eq. per MJ of ethanol, which presents a 67% emission reduction when
compared to gasoline production process [78]. Sweet potato (Ipomoea batatas) is another important
candidate for bio-ethanol production as well as essential food element for rural and suburb areas.
Early commercialization of wide range of products including ethanol was established by the Toyota
Bio Indonesia (TBI) project [79]. The production rate is currently in the range of sweet potato 8.2-
22.6 t/ha but with improved cultivation technologies in can reach 30 t/ha and above. The high
production capacity up to 6 m3/ha bio-ethanol at activation rate of 30 t/ha with low production rate
makes it more feasible compared to the commonly used cassava raw material [80]. Another raw
material with high economic potential and high production yield of bio-ethanol through fermentation
is sorghum plant [81]. Forestry residues and waste from timber industry are alternative resources for
liquid biofuel production with large economic and environmental potential, but still not utilized [82].

The other main liquid biofuel for transport and power sectors is biodiesel. One of the main
candidates for biodiesel production is Jatropha curcas which produces non-edible oil unlike the other
edible resources which adds to the fuel vs food conflict [83]. It was shown that biodiesel production
from J. curcas can be economically feasible and can compete with the fossil diesel if government
subsidies are applied [84]. Another source for biodiesel production is the rubber seed which is
considered as waste and not used by the farmers in Indonesia. A case study was investigated using
mobile processing unit (MPU) to be mobilized between several villages during the season to maximize
production capacity of biodiesel [84]. The results showed that smaller equipment to ensure the
mobility can achieve profitable margin with return of investment exceeding 10% if used in the high
rubber seed harvesting areas. However, palm oil is the main candidate for biodiesel production in
Indonesia. Harahap et al., investigated the economic feasibility of biodiesel production from crude
palm oil (CPO) for several case studies. Using the oil palm waste residues to fuel boilers for co-
generation to supply the required heat and power for the oil mills with biofertiliser as additional
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product was found to be more feasible compared to biogas production from the oil palm waste
through anaerobic process [85].

3.3 Small-Scale Research Activities

Biomass fuel was the most utilized fuel in small scale application until few decades ago. The oldest
and most common method to utilize solid biomass or convert it into liquid or gaseous fuels for small
applications is through thermochemical processes at moderate to high reaction temperatures. Other
conversion methods based on chemical reaction or bacterial fermentation were introduced recently
but mostly aimed towards the medium and large-scale liquid or gaseous fuels commercial production
with very limited utilization in small-scale application. The awareness of the modern and
environment friendly thermochemical methods for biomass utilization is still very limited among the
public, which raises the concerns on health and environmental issues especially in urban waste
management [86]. Thermochemical two stage combustion using modern biomass stoves has been
proven to be an efficient and environment friendly method for the small-scale and household
utilization of agriculture wastes [87]. Biomass gasification is one of the early technologies that gained
population in Indonesia for small-scale power production [88]. In gasification, biomass is converted
into combustible gas known as producer gas using heat and reaction agent such as air, oxygen, steam
or carbon dioxide. However, air gasification is still the most used method due to its simplicity and
economic superiority despite having lower quality of the gas product [89].

The main downside of raw biomass fuel resources that prevent it from being utilized widely as
replacement of the commonly used low-grade coal is the high moisture content and low energy
density. This makes the transportation of raw biomass to be utilized for power generation in places
other than their production origin not feasible. One of the common methods to upgrade biomass is
by converting raw biomass into bio-pellets. A small-scale bio-pellet production facility using empty
fruit bunches waste from palm oil mill has shown a good economic feasibility, which can compete
with the biomass briquets, wood and coal selling prices in the local market in Indonesia [90]. It was
shown experimentally that high quality wood pellets can increase the efficiency of gasification and
the quality of the gas product considerably [91]. For low-quality raw biomass with high moisture
content (above 50%) such as bagasse waste from sugar production industry, low temperature
torrefaction (at 150°C) was found to be feasible with acceptable product quality that can be used
efficiently for gasification or direct combustion [92].

Solid biomass material is commonly converted first into more useful liquid or gaseous form for
more efficient utilization in heat and power application. Low grade biomass waste can be converted
into liquid bio-oil through pyrolysis which is a thermochemical reaction at moderate temperatures in
the absence of oxidizer [93]. A lab-scale fluidized bed pyrolysis reactor was tested with empty fruit
bunches waste from palm oil industry, using nitrogen gas as the fluidization agent in the temperature
range of 400-600°C [94]. Pyrolysis output yield of char, gas and bio-oil depended heavily on the
operating temperature with higher oil yields at lower temperature. Bio-oil refining produced light-
to-heavy oil range with heating value above 40 MJ/kg that can be used directly in internal combustion
(IC) engine for power production. Other row materials such as bagasse waste were also tested for
bio-oil production in a fixed bed pyrolysis reactor, and the addition of CaO and MgO catalysts have
shown positive effect on improving the reaction rate [95]. The benefits on fuel quality when
upgrading cocoa pod husk as one of the abundant agriculture wastes in Indonesia was tested
experimentally using pelleting then carbonization processes [96]. Other than the thermochemical
conversion process, using bacterial agents in a fermentation process has been getting more attention
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to convert organic-rich waste materials into gaseous fuels such as bio-hydrogen [97] and bio-
methane [98-100].

Figure 4 shows the biomass research and development projects at the mechanical engineering,
Universitas Negeri Medan. Some of the tested agricultural residues in gasifiers and stoves shown in
Figure 4 include (a) Candlenut shells, (b) Peat soils, (c) Sawdust, and (d) Coconut shells. Figure 4e
shows the gasification with sawdust as feedstock with a novel internally circulating fluidized bed
which can achieve stable gas production with heating value of about 7 MJ/m?3 [101, 102]. Fixed—bed
type gasifier was also tested using candlenut shell and coconut shell which can be used to produce
flammable gas as shown in Figure 4f [103]. The use of producer gas for IC engines in Indonesia has a
promising future for power generation where engines can operate with a minimum heating value of
3 MJ/m3 [104]. The drawback of this technology is mainly related to the upscaling due to the
limitations in large-scale biomass supply, transportation, and treatment. Hence, from the economic
point of view, the optimum electrical power output scale for this technology is still around 200 kWe
[105]. Two-stage gasification-combustion stove with controlled air supply shown in Figure 4(g)
provided considerably higher efficiency compared to the conventional stove designs with naturally
aspirated air shown in Figure 4(h). Further experimental research is done with wide range of biomass
raw materials and modified stoves (Figure 4(i)), and two-stage air-combustion in an incinerator
design has shown good potential for upscaling (Figure 4(j)) and co-generation possibility.

DSorlic.
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Incinerator Enlarged picture of air distributor
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Fig. 4. Biomass lab-scale project in Universitas Negeri Medan [101-
104]
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3.4 Medium/Large-Scale Research Activities

The development of commercial distributed power generation based on biomass renewable
energy resources in Indonesia is encouraged and regulated by the Ministry of Energy and Mineral
Resources Regulation No. 12/2019 [8]. However, the number of medium and large-scale power
generation plants from biomass are still very limited and do not utilize the vast biomass waste
materials generated from industrial and agricultural processing. Currently, most of the power
generation from palm oil mills depends on direct biomass combustion in steam boilers to drive
externally fired steam turbine. Gas turbines can also be operated in eternally fired manner using
closed system supercritical carbon dioxide as the working fluid [106]. Some of the steam from the
boiler is also needed for the production process of palm oil [107]. Thermal heat loses at the boiler
chimney is not significant, however, it can still be recovered using externally fired engines such as
Stirling engine [108]. Techno-economic study showed that distributed generation power plant based
on gasification-IC engine generation can be feasible and competitive compared to the current steam-
based generation systems [109]. Some of the recent medium and large-scale biomass power plant
establishments are summarized in Table 1. Most of the biomass in the recent establishments is from
oil palm industry waste, as well as, other agriculture waste such as rice husk, corncob, bamboo and
bagasse compared to wood waste from furniture industry that was heavily utilized in older projects.
The General Directorate of Renewable Energy and Energy Conservation under the Ministry of Energy
and Mineral Resources has announced in 2018 the launch of several distributed generation biomass
power plants (PLTBm). Introducing a 15 MW power generation based on biomass gasification of wide
range of agriculture waste is a new step towards the large-scale implementation of gasification
technology with better control of pollutant emissions [110]. However, majority of the announced
projects still utilize steam boilers with direct biomass combustion as it is well established in Indonesia
for the past two decades with proven reliability. One of the largest establishments was announced
back in 2016 utilizing palm shell waste from oil palm industry with output electrical generation
capacity of 30MW in Kalimantan [111].
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Table 1

Recent development of biomass-based power plants in Indonesia

No Location Capacity Biomass Technology COD  Ref.
1 Kalimantan Barat 15 MW Palm shell Gasification 2018 [110]
Rice husk, Corncob, Sugarcane Bagasse

2x10 MW Palm Shell Combustion N.D

4 MW Palm shell Combustion N.D

1x15 MW Palm shell Combustion N.D
2 Kalimantan Tengah 30 MW Palm shell Combustion 2016 [111]
3 Mentawai, Sumatera 300 kW Bamboo Combustion 2018 [112]

Barat 150 kw Bamboo Combustion  N.D
4 Sumatera Utara 2x15 MW Palm shell, Corncob, Sawdust, Rice Combustion 2012 [113]
husk

1x9,9 MW  Rubber wood Combustion 2020

1x15 MW Rubber wood Combustion N.D
5 Jambi 10 MW Palm shell Combustion N.D  [114]
6 Cilegon 1x15 MW Palm shell Combustion N.D [115]
7 Nias, Sumatera Utara 18 MW Bamboo Combustion N.D [116]
8 Sumba 1MW Bamboo, Wood chips Combustion N.D [117]
9 Bali 150 kW Wood pellet Combustion N.D [118]
10 Sulawesi Tengah Corncob Combustion N.D  [119]
11 Sumatera Selatan 3 MW Rice husk Combustion N.D  [120]

COD: commercial operating date
N.D: not detected

4. Closing Remarks

Indonesia has one of the largest populations in the world with vast off-grade rural places.
However, the electrification program has significantly progressed in the past few years, but with
heavy reliance on short-term distribution generation. Issues have been raised as these projects are
prone to fail due to the lack of long-term support from the government. One of the potential
solutions is to allow the private sector to manage such projects with suitable monitoring policy. In
general, the energy security index that covers wider range of energy poverty aspects other than the
availability has shown steady annual elevation of about 3%.

The energy mix in Indonesia is still heavily relying on fossil fuels especially coal that still covers
half of the energy supply for electricity generation. Predictions showed that the contribution of
renewable energy to the national energy mix will still be less than coal by the year 2050 if the
business-as-usual model is followed, and the dominance of renewable energy (up to 58%) can only
be achieved if the government is committed to the low-carbon policy. For the short-term, increasing
natural gas share and government support for renewable energy projects is essential to achieve the
initial greenhouse reduction INDC target.

Biomass energy can play major role in the annual greenhouse emissions in Indonesia with vast
forestry areas that can provide high carbon storage potential. Recently, forest and peatland
degradation and forest fires have contributed up to nearly 60% of the annual greenhouse emissions.
The current government policies were shown to be inadequate in controlling illegal logging and illegal
land clearing with open fire. The fast growth of palm oil industry is another issue that requires the
design of dedicated new government policies to replace the old policies. ISPO is an ambitious
government policy that needs to be carefully implemented to avoid conflict between central and
local government policies. The production of liquid biofuels such as biodiesel and bio-ethanol from
food resources raw materials have been under the debate. Liquid biofuel production industry has
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grown significantly in the past two decades with aggressive government support and incentives to
increase the biofuels share mainly in transportation sector.

The research on solid biomass waste from a food and furniture industries utilization included the
direct conversion into other fuel forms using thermochemical (pyrolysis, gasification and
liguefaction), fermentation and chemical conversion. However, most of these researches have not
been commercialized with the exception of liquid biofuels chemical production. On the other hand,
upgrading the quality of low-grade solid waste biomass into higher quality pellets and briquettes
through torrefaction and carbonization were commercialized in small scales and shown good
economic feasibility to compete with the low-grade coal in the local markets. For medium and large-
scales, biomass power plants (PLTBm) industry has grown rapidly in the past 5 years, utilizing variety
of waste resources such as palm shell, rice husk, corncob, bagasse, bamboo, sawdust and off-cut
furniture wood. However, the utilization of biomass gasification technology is still very limited, while
direct biomass combustion in boilers is still the dominant method for waste conversion into
electricity.
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