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Abstract. The purpose of this article is to review and share the information as well as an
achievement that has been obtained in the field of solid biomass waste into energy
conversion in Indonesia especially on thermal processes. The future energy in Indonesia
has been prepared since long time ago which can be known from the research activities and
scientific articles that have been published in journals and also through local social media.
Energy resilience in the future is prepared to respond to an increase in the human
population, development in all fields that certainly requires quite a lot of energy. Biomass
is one of the potential future energy sources which are considered as waste. In addition to
its abundant, biomass is known to be environmentally friendly because it does not
contribute to the air pollution, does not cause the greenhouse effect, and does not cause
climate and weather changes. Several efforts to support Indonesia's energy mix in the future
based on thermal processes were reported.
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1. Introduction

Industrial Revolution 4.0 is a big challenge for Indonesia as a developing country with a
large population. In developing country, Indonesia requires a lot of high technology equipment
that can be used to support the development. Many things can be done using equipment so that
the use of manpower is reduced. This is called the era of disruption which is characteristic of
the 4.0 Industrial Revolution. To overcome these problems, the government must encourage the
development of several crucial sectors. However, the main problem arises is energy that need
to drive all developing sectors. The fact that Indonesia's main source of energy still dominated
by fossil fuels. The negative effect of fossil utilization is human civilization damage since the
past. As an addition, the most issue is about harmful climate change. Therefore, the most
appropriate solution is to replace the fossil fuel into renewable carbon neutral energy sources.

Transportation sector, especially personal vehicles will become the most electric users in
year 2050 due to the President Regulation No. 55/2019 issue concerning the Acceleration of the
Battery—Based Electric Motor Vehicle Program for transportation and also the Government
Regulation No. 73/2019 which sets the amount of exhaust emissions and also the fuel
consumption of vehicle. Both regulations encourage the use of electrical energy as the driving
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force and of course will require the electric charger infrastructure. The two regulations also
intended to reduce the fossil fuel utilization to mitigate the impact on climate change.

Until now climate change has become the center of global attention because it causes a
huge negative impact. There is no other choice except to encourage the utilization of green
energy sources, such as biomass that is classified as a renewable energy source. However,
several problems in developing biomass include investment and operational costs are still high,
short live time of equipment, air pollution, and light particles problem that are released free into
the air, biomass collection, transportation, and processing. Indonesia has committed to reduce
the use of fossil fuels and utilize biomass energy to 17% of the total national energy mix due to
Indonesia's support for the Paris agreement. However, the government hopes that the
implementation of biomass as an alternative energy does not conflict with food supply and
environmental conservation in order to reduce the impact on climate change.

The depletion of the main energy production especially oil and gas, has encouraged the
government to make renewable energy to a top priority for maintaining national energy security
and independence. To safeguard the future energy sector's readiness, the use of renewable
energy has already begun. But, Indonesia faced with three serious problems in developing
biomass as energy sources, namely the regulation, the environmental aspect, and infrastructure
problems. This has a negative impact on the development and growth of energy which
determines the readiness of the energy mix in the future. Until year 2018, the portion of electric
supply is still dominated by the state electricity company or Perusahaan Listrik Negara (PLN)
with coal as the fuel as shown in Fig 1 below.
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Fig 1. State electric capacity in year 2018 (a) based on supplier, (b) based on fuel (Direktorat Jenderal
Ketenagalistrikan, 2018)
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Biomass potential in Indonesia is very large and can be utilized as a national energy supply
in the future. However, biomass energy is currently not fully utilized. Based on Presidential
Regulation No. 22/2017 concerning the National Energy General Plan, it is stated that 23% of
the national energy mix in 2025 is expected to be supplied from renewable energy as shown in
Fig 2. This target is equal to 45 GW of generating capacity. At present the installed renewable
energy generating capacity is still 9 GW. It means that an additional 36 GW is needed until
2025. The achievement during year 2015-2018 periods reached only 5% while to pursue the
target by 2025 required up to 10% achievement each year. Seeing this reality, the government
is pessimistic that the 23% in year 2025 will be achieved.

According to the national statistical data center or Badan Pusat Statistik (BPS) review year
2019, Indonesia should be more massive in developing renewable energy—based power plants.
However, the energy mix used to generate electric from year 1998 to 2018 is still dominated by
the coal whilst electric generation from renewable energy still retarded even though these energy
sources are very abundant. BPS review 2019 also pointed out that the contribution of renewable
energy is only 5.5% of the total electric generation in 2018. This slight increase compared to
year 2017 by 5.3%. There is also a target to new and renewable energy mix (EBT) in 2020 by



17%, while in 2025 is expected to reach 23%, and in 2050 the contribution is expected to have

reached 31% as shown in Fig 2 below.
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Fig 2. Indonesia energy mix target by 2015 (RUEN)

The current energy mix to support Indonesia's development comes from coal, crude oil,
natural gas, hydropower, and renewable energy. Specifically for renewable energy, to date, as a
wholly renewable energy still accounts for 3% [1]. This situation is relatively low considering
the abundant potential of renewable energy. At present, the government's attention begun to
look at this new energy source, but the management is not yet perfect. The government target
that the installed electric capacity energy from biomass in 2050 about 4% as shown in Fig 3.
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Fig 3. The installed capacity of electrical energy from EBT in 2050 (RK) [2]

2. Recent activity on university laboratory—based

The motivation for developing biomass as a renewable energy source is referred to the
Minister of Energy and Mineral Resources Regulation No. 12/2019 which mentions and
regulates the generation of electricity from biomass for one's community by obtaining an
operating permit. To get energy from biomass, a conversion process is carried out, most of
which use high—temperature called thermochemical processes that requires a suitable reactor.
Indonesia so far has been made efforts to increase the economic value of biomass by using
thermal process technology which until now continued to improve its performance [3-9] .
Several studies have been conducted in Indonesia related to the use of biomass as an energy
source. The following figures are the research progress and development of biomass into energy
conversion, especially electrical energy that can be used in the district yet connected to the
national electricity grid.
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Fig 4. Biomass to energy project laboratory—based

Some agricultural residues as shown in Fig 4 such as (a) Candlenut shells, (b) Coconut
shells, (c) Sawdust, and (d) Peat soils are tested by using the gasifiers and stoves. Fig. 4e showed
the gasification with sawdust as feedstock. With the new design reactor used, an internally
circulating fluidized bed is an attractive to produce flammable gas contain heating values close
to 7 MJ/m? [5]. Based on local biomass, the reactor must be adjusted; the fixed-bed gasifier
model may be used as shown in Fig. 4f. By using a downdraft gasifier type, the candlenut shell
and coconut shell can be used to produce flammable gas [10]. Gasification and combustion—
based furnaces are also developed referring to the implementation of biomass technology that
suitable for use in areas where biomass is found. Biomass in Fig. 4a to 4c also produce potential
thermal energy with the gasification process as shown in Fig. 4g, this is known from the
temperature of the fire generated [11]. Fig. 4 is the development of a biomass burning furnace.
Some conventional stoves were modified and tested using coconut shells. Through
modification, it is obtained that the furnace with an external combustion air supply has the best
performance shown by fire temperature [12].

Energy from biomass is also another option to drive the engines in the future. But until
now the fuel for transportation is still dominated by liquid fuels and natural gas according to
President Regulation No. 64/2012 [13, 14]. However, along with technology developments, the
use of gas for engine has also begun to be developed to replace liquid fuels. In Indonesia, the
use of gas for engines has a promising future in transportation sector. They concluded that the
fuel gas from biomass with a minimum heating value (3 MJ/m?) can be used to drive the engine.



3. Power plant development biomass—based in Indonesia

Until now, government policies in the energy law have yet to be realized concerning the
matters previously explained, especially the utilization of biomass into electrical energy by
utilizing power plants. The following is the information on biomass—based power plan in
Indonesia collected from the internet.

Table 1. Recent power plan based biomass in Indonesia

No Location Capacity Biomass Technology COD
1 Kalimantan Barat 15 MW Palm shell Gasification 2018
2 Kalimantan Tengah 10 MW Palm shell Combustion N.D

10 MW Palm shell Combustion N.D

10 MW Palm shell Combustion N.D
3 Kalimantan Barat 10 MW Palm shell Combustion N.D

15 MW Palm shell, Rice Combustion 2018

husk, Corncob,
Sugarcane Bagasse

10 MW Palm shell Combustion N.D
4 MW Palm shell Combustion N.D
1x15 MW Palm shell Combustion N.D
4 Mentawai, Sumatera 300 kW Bamboo Combustion 2018
Barat 150 kW Bamboo Combustion N.D
5 Sumatera Utara 2x15 MW Palm shell, Combustion 2012
Corncob, Sawdust,
Rice husk
1x9,9 MW Rubber wood Combustion 2020
1x15 MW Rubber wood Combustion N.D
6 Jambi 10 MW Palm shell Combustion N.D
7 Cilegon 1x15 MW Palm shell Combustion N.D
8 Nias, Sumatera Utara 18 MW Bamboo Combustion N.D
10 Sumba 1 MW Bamboo, Wood Combustion N.D
chips
11 Bali 150 kW Wood pellet Combustion N.D
12 Sulawesi Tengah Corncob Combustion N.D
13 Sumatera Selatan 3 MW Rice husk Combustion N.D

COD: commercial operating date
N.D : not detected

4. Closing remarks and future works

Progress and achievements towards the biomass to energy conversion in Indonesia has
been presented. Until now, the development and improvement of the reactor performance are
very rapid. Specifically for gas fuel (syngas) from biomass, it is strongly recommended by the
writer's and team to develop this technology until syngas is obtained properly which can be
applied to engines.
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