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Abstract: Biomass is the world‘s most commonly used source of renewable electricity today. It is used primarily in strong form and, to a smaller degree, 
oil fuels or petrol. In contemporary times, the use of biomass for energy generation has risen at only a small pace. Biomass is the primary source of 
energy in Indonesia. Biomass is used to fulfil a range of energy requirements, including producing electricity, heating households, fueling cars and 
supplying industrial equipment with a heat process. Biomass potential includes waste from timber, animals and plants. Among biomass power sources, 
fuelwood might be the most important since it accounts for a large 17% share of Indonesia total power manufacturing. The complete biomass energy 
potential in Indonesia is about 38 million tons of oil equivalents (Mtoe). The quantity of biomass that can be used in Indonesia is roughly 32 Mtoe. The 
potential for electrical manufacturing from usable bioenergy sources in 2012 is 83 MW and corporate revenue, representing more than 350,000 jobs. 
This research shows that the potential for climate change mitigation and power sustainability in Indonesia is significant for biomass energy. 
 
Index Terms: Sustainable Energy, Bioenergy, Utilization Efficiency, Biomass Potential, Palm Oil.   

——————————      —————————— 

 

1. INTRODUCTION 
ENERGY poverty for households until recently keeps being 
the two main indicators as mentioned in the recent World 
Energy Outlook. These indicators such as access to electricity 
are very low and has dependence on the use of biomass as 
fuel for cooking. However, most of the rural settlements in sub-
Saharan Africa of more than 700 million people by 2040 are 
projected to remain without electricity. Little progress has been 
made in reducing the dependence on traditional uses of solid 
biomass as a cooking fuel [1]. The number of people around 
the world who do not yet have access to electricity has 
reached 1.4 billion so far. The number of people who do not 
have access to electricity to date is around 85% and all are in 
rural or rural areas. It is estimated that by 2030 this number 
will decline to 1.2 billion people. Populations around the world 
that lack electricity access are around 15% of the total. This 
population, for the most part, lives in the interior of Sub-
Saharan Africa. In 2030, it is estimated that traditional energy 
use will increase to 2.8 from 2.7 billion people as shown in Fig. 
1 [2]. Air pollution resulting from biomass burning from 
households is estimated to cause premature deaths of more 
than 1.5 million per year to reach 4000 people. It is estimated 
that the deaths caused by tuberculosis and malaria by 2030 
are even greater [1], [3], [4]. The increasing energy demand to 
meet economic services and social development can also 
improve people‘s welfare and health. Energy needs are always 
desired by all people to be able to meet their daily needs and 
can serve for the production process. The use of fossil fuels 
globally has been used since 1850 and has dominated the 
increasing supply of energy. Therefore, it has increased 

carbon dioxide (CO2) emissions in recent years. The 
investigation of energy services on providing Greenhouse Gas 
Emissions (GHG) has made a very significant contribution to 
the increasing GHG concentrations. Investigations conducted 
by [5], [6] reported that the observed increase was largely in 
the state of global average temperatures in the mid-20th 
century. This may be due to the ever-increasing concentration. 
Various biomass composites can be produced into bioenergy. 
These biomass composites, such as agricultural products, 
forest product residues, energy crops, various organic waste 
streams, organic compounds produced from solid waste, and 
short-rotation plants are shown in Table 1 [7], [8]. Feedstock 
from abundant agricultural products can be produced through 
various processes. The results of this process can be used 
directly to produce heat and electrical energy. In addition, it 
can also be used as the manufacture of gas, liquid and solid 
fuels [9]–[14]. Bioenergy technology is widely available today 
and the maturity of the technique also varies substantially. 
Various types of technology are commercially available in the 
market such as large and small scale boilers, ethanol 
production produced from starch and sugar, and domestic 
pellet based heating systems [15]–[18]. Some examples of the 
technologies with pre-commercial stages include combined 
power generation from the biomass gasification cycle and 
lignocellulosic fuel [1], [19]–[24]. Applications of bioenergy 
technology can be managed with decentralized and 
centralized systems. The use of traditional biomass in a 
number of the developing countries has given this application 
widespread development. The output offered by bioenergy 
usually remains slow and constant. The share of bioenergy as 
a global energy barrier is shown in Fig. 2. 

 
TABLE 1 

Overview of the worldwide potential of production of 
bioenergy [7], [8], [25] 

Biomass category Technical potential in 2050 
Energy crop production on 
surplus agricultural land 

0-750 

Energy crop production on 
marginal land 

<65-120 

Agricultural residues 25-75 
Forest residues 33-170 
Dung 7-57 
Organic wastes 7-55 
Total <65->1200 
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Fig.1. Number of people relying on the traditional biomass use as their primary cooking fuel in 2016 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2. Share of bioenergy in the world primary energy mix [26] 

 
2 BIOENERGY FOR SUSTAINABLE ENERGY 

DEVELOPMENT 
The earliest energy source used by humans is biomass 
energy. This biomass energy is generally used for various 
purposes such as electricity generation, vehicle fuel, as home 
heating and heat processing for various industrial facilities 
both small, medium and large scale. This potential of biomass 
can be obtained from various wood wastes, plant wastes and 
animal wastes. Biomass can be renewed and sustainable as a 
substitute for organic petroleum. Biomass is a term that 
ignores plants planted by farmers, forests, plants/trees, 
organic waste, organic waste and agro-industrial agriculture, 
solid waste and urban waste. The name of biomass is as a 
result of photosynthesis processing to plant material where 
there is a conversion of solar energy from water and CO2 into 
organic matter. Directly or indirectly, biomass material is the 
result of various plants. Biomass energy can be obtained from 
the processing of materials such as forest waste, plant waste, 
animal waste, industrial waste, agricultural processes, and 
human waste [24], [27]–[32]. The resulting combustion 
process of biomass is a natural process. Biomass energy is a 
form of renewable energy, which is principally the energy used 
does not produce carbon dioxide to the environment, unlike 
the combustion of fossil fuels. Biomass is the most unique 
energy compared to other renewable energies. This biomass 

energy can store solar energy very effectively. In addition, 
renewable carbon sources inside can convert to gas, solid and 
liquid fuels [13], [15], [16], [33]–[35]. Compared to other 
alternative energies, biomass is more varied and can be 
converted to energy by various conversion processes. The use 
of biomass resources for energy production can use a variety 
of materials. Biomass energy is divided into two categories 
such as traditional and modern biomass. The goal of modern 
biomass is to replace conventional energy involving on a large 
scale. This modern biomass includes municipal waste, 
agricultural waste, wood residues, biogas and various energy 
crops. Meanwhile, traditional biomass is only limited in the 
developing countries in general, and its use only involves a 
small scale. This traditional biomass includes rice husks, crop 
residues, charcoal, firewood and various animal wastes [13], 
[21], [33], [36]–[39]. Biomass is a term that can be used as a 
description in the form of material for biological production. 
Estimates per/year of world-class biomass production reach 
more than 146 billion resulting from general plant growth [40]–
[42]. Energy such as biomass, wind, geothermal, solar power 
and hydroelectricity are sources of renewable energy. While 
for nuclear-powered sources is the fusion and fission of 
sustainable energy [43], [44]. Wood biomass which includes 
bark, leaves, live and dead wood phones located above and 
below the ground can be accumulated into the mass. 
Production uses the process of fermentation of biomass to 
produce lignin and carbohydrates [45], [46]. Wood biomass 
can be used as electricity, solvents, lubricants, inks, plastics, 
and adhesives. The supply of energy that is experiencing 
uncertainty with rising fuel costs, air quality, energy supply, 
climate change and dependence on foreign energy sources 
has given attention to utilizing biomass as renewable energy. 
This has been utilized by the Indonesian state, where the use 
of biomass can reduce dependence on fire risk, and offset 
greenhouse gases lowering the pulpwood market, energy 
feedstock. In addition, it can improve health, the economy and 
provide sustainable forests [47]–[51]. Direct use of biomass 
can be done by burning firewood for cooking or as a heater. In 
addition, biomass can be converted into gas and liquid fuels 
such as bio-gas (animal waste) and alcohol (sugar plants) 
through the conversion process [52]–[54]. Biomass 
combustion has net energy for greenwood of around 8 MJ/kg, 
for dry plants 20 MJ/kg, methane 55 MJ/kg compared to coal 
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which only reaches 27 MJ kg. Biomass fuels have been widely 
used as electricity generators including agricultural waste, 
forest waste and other wastes [9], [55]. The primary energy 
consumption of biomass currently represents only 17% in 
industrialized countries [27], [30]. However, rural populations 
are predominantly found in the developing countries. About 
50% of the world‘s population remains dependent on the use 
of biomass such as fuelwood for its main fuel [36]–[38]. The 
primary energy consumption of biomass in the developing 
countries has reached 35%. Therefore, it has increased by 
14% at the world level to primary energy consumption [27], 
[30], [40]–[44]. The neutral renewable CO2 energy source is 
domestic bioenergy, so its use in the future is expected to 
increase. New plants have been developed in various 
countries in the world that began in the 1970s to be produced 
as bioenergy and to increase biomass resources. The 1978 
agreement was initiated by the International Energy Agency 
(IEA) to exchange information and increasing cooperation 
between countries that have national research programs, the 
spread of bioenergy, and the development of renewable 
energy in the future [2], [18], [56]. The development of several 
scenarios by international organizations has offered attractive 
options for mitigating climate change with the presence of a 
modern bioenergy system in the energy sector. This can be 
achieved if the availability of biomass is large enough and the 
costs are more promising and attractive. The European 
Union‘s target on renewable energy as outlined in the 
European Commission‘s overall White Paper for reserves as a 
contribution of renewable energy by 5.4% in 1995 increased to 
11.5% in 2010. This is the total of renewable energy 
consumption of 85% to be bioenergy [27], [30], [43], [44]. The 
European Union, which includes 27 countries, in 2002 
consumed 70.5 EJ of the total energy, and the contribution of 
biomass was 3.9%. The industry consumes less wood than 
wood consumption in the household. However, at the same 
time, they have been able to contribute 76% of biomass to the 
EU. The use of 36% biomass for energy is destined for the 
forest industry in Finland and Sweden. France and Germany 
are the highest users of gross biomass. However, the use of 
biomass in Finland by 17% is the highest of the total energy 
use. In all parts of the EU, the use of household wood for 
heating and producing district heating. Some power plants in 
the UK are operated on agricultural residues, a small portion 
of energy parks and biomass waste. From 27 EU countries, 
some of them have conducted small experiments on energy 
plant species [1], [2], [18], [25], [56]–[58]. In Indonesia, 
biomass energy cannot be utilized optimally. In 2020, biomass 
can produce 0.3% of the total projected generation of 5476 
billion kilowatts/hour. Around 19,786,000 MW/hour of electricity 
could have been created from biomass energy last year [59], 
[60]. As it is known, the fulfilment of national energy needs is 
still dominated by fossil energy with a share of 92.3%. 
Meanwhile, the Government has targeted the contribution of 
new and renewable energy to be at least 23% by 2025 and the 
use of new renewable energy (EBT) will only reach around 
7.7%. Therefore, the Government expects all parties, including 
universities, to participate in accelerating the development of 
bio-energy in Indonesia [61]. Indonesia is one of the largest 
population countries in the world that has not had access to 
electricity. In 2012, more than 60 million Indonesians did not 
have access to electricity as shown in Fig. 3. However, this 
number declined very drastically in 2018, leaving only 2% or 
5.2 million people without access to electricity. Most people 

who have not yet experienced electricity services are located 
in East Nusa Tenggara and Papua. The average electrification 
ratio in the area was only 61.01% and 81.66%, respectively, 
below the national average. The 5.2 million Indonesians who 
have not yet enjoyed electricity remain very large, equivalent 
to the entire population of Singapore. Therefore, the 
government targets for 2019 to 2020 will be able to enjoy the 
electricity. As for isolated and difficult-to-reach areas, new 
renewable energy must be used [62]. 

 
3 BIOMASS POTENTIAL IN INDONESIA 
Indonesia is one of the countries with the most population and 
various potentials, such as renewable energy. In recent years, 
economic growth has been closely linked to various 
privatizations in the form of public companies. The ever 
increasing energy sector plays an important role in 
encouraging micro-economic performance [63]–[65]. Demand 
for energy such as electricity continues to increase due to 
economic, industrial and social developments. Energy demand 
has continued to increase until recently as shown in Fig. 4-9. 
Indonesia does not have substantial reserves such as oil or 
gas supplied from Indonesian buyers, as the highest quality 
coal supply. The potential for renewable energy in Indonesia is 
very promising. Some advantages can be seen from its 
geographic location which can be used in large part 
extensively as a renewable energy source [24], [66]–[69]. 
Various efforts have been made in recent years to be able to 
utilize biomass energy. The energy includes agricultural waste, 
straw, paper waste, wood waste, etc. which can be produced 
into energy. Wood fuel still dominates the overall biomass 
energy because the total production is still the highest one 
around 18%. 

 
 
 
 
 
 
 
 
 

 
 

Fig. 3. Electricity Statistic for 2012 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Indonesia’s primary energy needs in Mtoe between 

2005 and 2030. 
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Meanwhile, the techniques used to convert it to energy are not 
sophisticated. The production and consumption of fuelwood in 
Indonesia are shown in Fig. 10. While the total potential 
biomass available in Indonesia is illustrated in Fig. 11. It is 
estimated that the production potential for biogas reaches 1.0-
1.5 million/ton and the amount is almost equivalent to oil 
(Mtoe). However, only a small number can be operated and 
some new facilities are licensed [70]–[73]. The low energy 
production has an impact on the share of renewable energy, 
this contribution of biogas can be ignored in this section. The 
Directorate General of Electricity Resources Survey and 
Development Administration has conducted research in the 
previous decades using a scale pilot plant [25], [58]. 
Production of animal dung and biogas was the earliest part of 
the investigation. However, some of these activities have been 
stopped long ago. After that, various research activities carried 
out on the production of biogas from agricultural residues or 
energy crops have not been fully utilized. Biogas application 
technology in Indonesia is not supported by a lot of data and 
only a few are found in various literature [74]–[78]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. Production and Consumption of primary energy 
structure in Indonesia 2018 

 
The potential of energy sources in Indonesia is quite large, 
namely geothermal 589 MW and 1,482 MW of hydropower, 
followed by forests as the largest area reaching 2,270,080 ha, 
and smallholder land area of 700,350 ha. Therefore, 
renewable energy sources are expected to have an active role 
in the future scenario of energy diversification [79]. This is as 
large as the potential of solid biomass waste throughout 
Indonesia which reaches 49,807.43 MW. Update on plant 
cultivation technology makes it possible to develop energy 
forests for biomass procurement according to the needs in 
large quantities and in a sustainable manner. In addition, solid 
biomass waste, biogas energy can be produced from animal 
waste, e.g. cow, buffalo, horse, and pig manure are also found 
in all provinces of Indonesia with different quantities. The 
utilization of biomass and biogas energy throughout Indonesia 
is around 167.7 MW originating from sugarcane and biogas 
waste of 9.26 MW generated from the gasification process. 
The cost of biomass investment is around 900 USD/kW to 
1,400 USD/kW and the energy cost is Rp75/kW-Rp250/kW 
[80]–[82]. 

 
TABLE 2 

Source energy potential in Indonesia [80] 
Energy resources Energy potential Installed capacity 

Geothermal 16.502 MW 1.341 MW 
Hydro 75.000 MW 7.059 MW 

Micro hydro 769,7 MW 512 MW 
Biomass 13.662 Mwe 1.364 Mwe 
Solar Energy  4,80 kWh/m2/day 42,78 MW 
Wind Wnergy  3-6 m/s 1,33 MW 
Uranium 3000 MW 30 MW 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6. Energy supply and demand development in Indonesia 
(tons of oil equivalent). 

 
The trend of electricity generation using renewable energy in 
Indonesia is shown in Fig. 8 [83]–[85]. Renewable electricity 
generation from biomass is the third generation after hydro 
and wind power which in the near future is obtained in 
Indonesia. Total energy over the past decade has declined 
slightly to 14% from 22% compared to the consumption of 
forest biomass. This decrease was due to the consumption of 
liquefied natural gas (LPG) which continued to increase [52], 
[86]–[89]. The contribution of domestic energy consumption by 
39% of the total energy of about 47% is fuel from biomass 
[25], [50]. In rural areas, traditional fuels dominates the energy 
sources of 100% from the household biomass consumptions 
to meet the needs of heat energy, for cooking and cleaning 
[90], [91]. Thus, Indonesia has a biomass potential of around 
35 Mtoe more [92]–[94]. In 2012, the total recoverable 
bioenergy reached 21 Mtoe is shown in Table 3. Meanwhile, 
the installed power generation capacity of bioenergy in 
Indonesia is shown in Table 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7. In Indonesia, primary energy consumption 
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TABLE 3 
Indonesia’s annual biomass energy potential in 2012. 

Biomass Crops Forest 
residues 

Residues from 
agro-industry 

Residues from the 
wood industry 

Animal 
wastes 

Other Total 

Annual potential (million 
tons) 

75 25 12 7 8 10 130 

Energy value (Mtoe) 25 5.7 3.5 1.8 1.6 1.8 39.4 

 
TABLE 4 

Indonesia’s bioenergy installed capacity in 2015 (MW 

Categories Biogas Biomass 
Municipal 

waste 
Total 

bioenergy 

License Number 15 4 8 21 
Under 
construction 
(MW) 

13.2 17.6 1.9 30.6 

In production 
(MW) 

7.2 1.6 39.4 45.7 

Total (MW) 18.2 19.0 41.1 74.3 

 
Indonesia is one of the developing countries that has 
enormous potentials such as agriculture and renewable 
energy. Agriculture such as wheat and corn is able to produce 
about 70% more. While industrial products such as sesame 
seeds, flax, cotton and flowers have been grown for a long 
time in Indonesia. In the Mediterranean region, it can be 
planted with soybeans and various types of fruit plants [95], 
[96]. Indonesia has a variety of agricultural residues which are 
a source of biomass energy. Residues from agricultural yields 
and estimates of energy value that are very important are 
shown in Table 5. The residue from agricultural products is 
calculated based on the amount of dry residue which reaches 
around 57 million tons. It is equivalent to energy/year from 
agricultural residues of 16 Mtoe. The amount of heat 
production and animal waste in Indonesia is shown in Table 6. 

These agricultural residues such as wheat straw, grain dust 
and hazelnut become the source of biomass energy in 
Indonesia [74]–[76], [97]. Indonesia can produce wheat straw 
each year at around 3.4/109 tons [97]. Sometimes this straw is 
thrown away in the field to be burned. The combustion results 
of this straw can produce high heat values up to half of the 
coal or around 28 MJ/kg [50], [52]. Other energy sources such 
as candlenut shells have very important potential. Energy from 
this straw shell produced annually is estimated around 3.7/107 
tons [97]. The hazelnut calorific value reaches 19.2 MJ/kg so 
that the drawback value is equal to 1.9/108 kWh [50], [52]. 
Gas fuel production can be converted with hydrogen-rich 
agricultural residues using steam gasification technology [97]–
[100]. Conventional methods can produce classical biomass 
technology [66], [70], [72], [101]–[107]. Renewable energy 
sources can be processed sustainably. Modern and planned 
biomass production systems are shown in Table 7 [41], [50]. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8. Trends in electricity generation from renewable energies [108] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9. Total Final Consumption (TFC) by source Indonesia 1990 – 2016 [108] 
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TABLE 5 

Fruit and fruit tree residues are produced in Indonesia (2008). 

Crop Apricots 
Sour 
cherries 

Olive Pistachio Walnut Almond Hazelnut Orange 

Residue 
Tree 
pruning 

Tree 
pruning 

Cake Shell Shell Shell Shell 
Tree 
pruning 

Theoretical Production (tons) 1,328,846 137,359 673,484 - 173,546 44,366 698,499 3,424,439 
Actual Production (tons) 86,964 21,400 829,816 14,008 75,792 25,784 566,437 237,686 
Available Residue (tons) 69,571 17,120 746,834 4202 60,633 23,205 453,510 190,148 
Heating Value (MJ/kg) 19.3 19.0 20.69 19.26 20.18 19.38 19.3 17.6 
Total Heating Value (x105 GJ) 13.4 3.3 154.5 8.2 12.2 4.6 87.5 33.5 

 
Fermented products from anaerobic animal manure are bio-
gas fuels which have a potential of around 2.2-3.9 billion/year. 
This amount is equivalent to 1-2 tons with the provisions of 
biogas production must use from the overall impurities [52], 
[109], [110]. The total number of animal products that have 
biogas potential is around 85%, while the rest is taken from 
landfill gas. Biogas produced from various types of biomass 
can provide enormous opportunities. In addition, CO2 can be 
reduced and friendly to the environment and protect the 
surrounding environment. The capability possessed by 
Indonesia could theoretically produce biomass into biogas. 
The law regarding biogas conversion and production has been 
specifically identified and implemented [97], [111], [112]. 
Infrastructure and technology have obstacles that are 
specifically found in rural areas. However, this can be 
overcome by involving various private institutions and 
government agencies together [104]–[107]. Therefore, for the 
application of biogas technology, there must be more research 
considering the specific conditions in Indonesia and other 
countries in the world. Research on such matters can result in 
more efficient efforts towards energy policymakers. Thus, the 
increase in the share of renewable energy sources in 
Indonesia can be accelerated as quickly as possible for 
primary energy production in a short time [52], [109], [110]. 

 
TABLE 6 

Animal waste production and heating values in Indonesia 
(2010). 

Animal Waste Cow Sheep Poultry 

Waste quantity 
(tons/year) 

137,674,952 26,578,343 7,931,792 

Total dry manure 
(tons/year) 

13,213,035 6,159,593 1,842,964 

Available dry manure 
(tons/year) 

12,555,174 778,166 1,931,672 

Available Biogas 
(m3/year) 

2,157,452,465 179,649,121 362,916,846 

Heating value (MJ/kg) 26.7 24.9 24.9 
Total heating value 
(x105 GJ) 

498.6 38.4 38.8 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10. Indonesia's fuelwood production and consumption 
[108] 

 
The available biomass energy can be converted into several 
types of energy such as electricity, gas and charcoal. The 
production of biomass into electricity seems to be one of the 
most important things [104]–[107]. Industry and household are 
the parties consuming most wood biomass energy. Industrial 
plants supply up to 60% of the energy from burning wood, 
paper and pulp in their large stoves and boilers. While in 
wood-burning households, stoves are used to produce heat 
and consumption for cooking. The main heating fuel is 
produced from wood which is used by more than 5.2 million 
households in Indonesia [97], [111], [112]. This biomass usage 
has a very sensitive problem. This is due to the potential 
impact on finance in Indonesia. Where the management of 
wood industry waste and forest waste such as furniture and 
wood factories can provide several benefits [114]–[116]. The 
level of production and consumption of biomass in Indonesia 
is shown in Table 8. 

 

 
TABLE 7 

Current and scheduled production of biomass energy in Indonesia 
Categories 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 

Modern biomass (Ktoe) 2323 2745 2956 3486 3799 3962 4288 4674 4934 5942 
Classic biomass (Ktoe) 5566 5284 4958 4769 4436 4978 3987 3758 3524 3302 
Total (Ktoe) 7687 7827 7912 7954 7934 8838 7973 8229 8256 8442 

 
Combining gasification with an internal combustion engine and 
a generator can produce electricity of 20 kWe at a 
decentralized use for the microscale [114]–[116]. Future 
improvements should lead to more efficient regulation of 
turbine generators and fuel cells [13], [33]. Advanced 
gasification and biomass combustion and pyrolysis 

technologies can produce electricity for commercial use [34], 
[35]. The use of biomass power generation technology (BPPs) 
is almost similar to coal power plants. For example, the use of 
a steam turbine generator and a fuel delivery system from a 
similar biomass generator. The required electricity costs 
around 6-8 c/kWh. The average size of the BPP is around 20 
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MW compared to a fuelwood factory with a size of around 40-
50 MW in 1983 [86], [97], [99], [117]. While the use of 
agricultural residues, logging waste, firewood and animal 
waste in Indonesia has been going on for decades [104]–
[106]. This energy source is generally called non-commercial 
energy. However, fuelwood in Indonesia is a tradable 
commodity because wood fuel is the main producer in rural 
areas [63], [68], [70], [114], [115], [118]–[121]. Direct 
combustion of biomass for primary energy is an alternative 
electricity generator. Steam produced from burning biomass 
can change turbines that can drive generators and produce 
electricity [114], [115], [118], since it has a buildup of ash which 
is very potential. Direct combustion can be done with certain 
types of biomass alone [68], [119], [120]. 

 

4 WOODY BIOMASS AND WOOD FOR FUEL 
In 2017, the total forest area in Indonesia was around 
133,300,534 hectares and has decreased to 125.9 hectares in 
2018, almost 50% more productive. The total area of the high 
productive forest is around 43.3%. While species of conifers 
are about 58% and 42% broadleaf with predetermined land 
use. Various types of coniferous pines such as (fir, cedar, 
juniper) as well as hardwood species such as (alder, 
hornbeam, beech, ash and chestnut) are the main plant 
species [66], [86], [122], [123]. It is estimated that annual wood 
production in Indonesia increases by around 45 million m

3
. 

Timber cutting permits granted by the government each year 
are only around 15.2 million m

3
. Every year, wood produced by 

the government and the private sector is only around 25 
million m

3
, of which 48% consumption is used as fuelwood 

[124], [125]. Over the past hundred years, the unsystematic 
use of wood in Indonesia has resulted in huge losses by losing 
various places that have high productivity. As a result, it has 
disturbed the balance between land, water and plants that are 
no longer productive, where 75.35% of the land is under 
erosion pressure [66], [86]. To protect and rebuild forest areas 
that have been damaged with the danger of flooding and wind 
erosion that comes at any time should be handled as quickly 
as possible. Therefore, the needs and results of agriculture 
every year have increased, and the economy of the 
community has also increased. Forests that are still available 
today must be regenerated in a natural or artificial way so that 
more productive conditions can be achieved again by planting 
trees in certain forest areas. This task must be really 
implemented and followed up by the Directorate General of 
Forestry [47], [100] 

TABLE 8 
Indonesia's energy production, consumption and biomass 

role (1000 TOE/year) 
Categories 2000 2005 2010 2015 

Energy total demand 79626 84012 108683 141560 
Energy total production 28846 25628 34460 41549 
Supply by renewables 12169 12795 12561 9562 
Biomass and wastes 6748 5752 4764 3694 
Municipal solid waste 0.1 0.1 0.1 0.3 
Biofuels 0.5 0.5 21 16 
Biomass and wastes 9.45% 7.79% 6.47% 5.70% 
Wood/wood waste 9.45% 6.78% 5.46% 5.70% 
Biogas 0.03% 0.07% 0.07% 1% 
Biofuels 0.01% 0.01% 0.06% 0.09% 

 
The number of Indonesian populations living in villages near 
forests with economic status is relatively low, around 40%. The 
higher the economic opportunity they get, the greater the 
opportunity to prevent negative impacts on forest destruction. 
Policies on the production of raw materials that have been 
damaged must be reorganized so that the increase in the rate 
of raw materials for needs can be achieved. This is a very 
important step in preventing erosion damaging to the forest. 
The extent of the forest and land that exists today cannot solve 
this problem [47], [100], [126], [127]. The needs for raw 
materials depend on an adequate supply of plantation land. 
Forest energy plants are the best solution to overcome the 
problem of deforestation and erosion with the employment 
opportunities provided to millions of people. Biomass energy 
generated from forests is one of the factors that can supply 
energy and wood because this can enhance a more promising 
economy [86], [128]. In 2010, forest inventory in Indonesia 
provided a very abundant stock with a relatively large forest 
area. Forest area in 2017 alone was around 133 million 
hectares, however, it has decreased to 125 million hectares in 
2018.  The amount of permitted logging is only around 20 
million m

3
. While the need for raw materials needed reached 

25 million m
3
 in 2017. A total of 13.3 million m

3
 of raw materials 

were obtained from state-owned forests where the use for 
industry around 8.040 million m

3
 of fuelwood for 5.1 million m

3
. 

Meanwhile, the private sector reaches 4.2 million m
3
, 3.7 

million m3 from illegal consumption and 2.2 million m
3
 in 

exports from abroad [86], [122], [128], [129]. Laboratory test 
results and experimental cultivation are more promising and 
have attracted various studies in the future on an ongoing 
basis because of the increasing energy needs. Economic 
prospects are very important to achieve these targets. This is 
as an introduction to energy forests that began from 2012 to 
2030 can actually be started and carried out so that the 
condition of the energy conservation area is more promising. 
The cultivation of domestic tree species as energy forests is 
very likely to produce renewable energy sources with better 
environmental adjustments [50], [66], [86], [99], [130]. 
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Fig. 11. Indonesia total biomass potential 
 

5 TECHNOLOGIES FOR THE FUTURE OF 

BIOMASS ENERGY 
Significantly, efficiency from the use of biomass energy has 
increased as shown in many studies. However, the 
improvements made are only in small technology. This is done 
to maintain the productivity of biomass plantations in a 
sustainable manner and to reduce health-related to the use, 
production of biomass and problems to the environment. To 
overcome some of these problems, technology can be used 
as summarized in Table 9. Each of these technologies has its 
own advantages that are suitable with the energy needs of 
biomass sources [60], [95], [111], [112], [131]. About 90% of 
biomass energy is produced from combustion technology. In 
addition, the technology can change the useful form of energy 
from biomass fuels including electricity, hot water, hot air and 
steam. Various types of biomass can be burned in industrial 
and commercial combustion plants ranging from solid waste to 
woody biomass [13], [15], [34], [132]–[134]. The furnace is a 
very simple combustion technology that can burn biomass in 

the combustion chamber. Electricity generated from burning 
biomass with steam-powered generators has an efficiency 
level of between 17-25%. This efficiency can be increased up 
to 85% by using cogeneration technology. Lower quality fuels 
usually use a large-scale combustion system. Meanwhile, for 
fuels that have high quality, they generally use a smaller 
application system. Determination of biomass combustion 
depends on fuel characteristics, plant size, environment and 
the cost of the equipment used. While the main purpose of 
burning biomass is to reduce efficiency and emesis. Interest in 
using wood-burning equipment has a slight increase intended 
for heating and also cooking [39], [58], [135]. Domestic wood 
burning is an equipment included in pellet stoves, fireplaces, 
boilers, heating furnaces, heat storage, etc. Industrial 
combustion systems are widely available which can be defined 
as combustion of dust, fixed and fluidized beds [11], [136], 
[137]. 

 

 
TABLE 9 

Main features of technology for biomass conversion 
Conversion 
technology 

Combustion Co-firing Gasification Pyrolysis CHP Etherification/ 
Pressing 

Fermentation/ 
hydrolysis 

Biomass Type Dry biomass Dry biomass Dry biomass Dry biomass, and 
biogas 

Dry biomass Oleaginous 
Crops 

Sugar, starches, 
and 
cellulosic 
material 

Example of 
Fuel used 

Wood logs, 
chips and 
pellets, 
other Solid 
biomass 

Agro-forestry 
Residues 
(straw) 

Wood chips, 
pellets and solid 
waste 

Wood chips, 
pellets and solid 
waste 

Straw, forest 
residues, 
wastes and 
biogas 

Oilseed rape Sugarcane, corn, 
and woody 
biomass 

Main product Heat Heat/electricity Syngas Pyrolysis oil Heat and 
electricity 

Biodiesel Ethanol 

End-use Heat and 
electricity 
(steam turbine) 

Electricity and 
heat (steam 
turbine) 

Heat (boiler) and 
electricity 
(engine, gas 
turbine) 

Heat (boiler) and 
electricity (engine) 

The combined 
use of heat and 
electric 
power 
(combustion and 
gasification) 

Heat (boiler), 
electricity 
(engine) 
and transport 
fuels 

Liquid fuels and 
chemical 
feedstock 

Technology 
status 

Commercial Commercial Commercial Commercial Commercial Commercial Commercial 
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Young liquid fuel technology to be stored and transported by 
the use of most of the chemicals offered has increased interest 
in the use of pyrolysis. This is very possible to increase side 
income. In the last decade, a large number of studies have 
turned to the use of pyrolysis in various countries [9], [11], 
[136]–[138]. Biomass of various forms can be easily used, 
although the dry weight of the feed produces the highest levels 
of cellulose reaching 85-90%. The results of the liquid oil 
process when using pyrolysis have been tested on gas 
turbines and engines with a short period and show an initial 
success. However, for a testing time in the longer term, there 
are still many shortcomings [11], [136], [137]. Gasification is an 
area of research to develop and demonstrate biomass as a 
power plant. This gasification becomes the most important 
alternative indirect combustion in the engine. Gasification is a 
technology for endothermic conversion when solid fuels are 
converted to combustible fuels such as gas. This technology 
becomes very important because, in fact, it has the advantage 
when designing sophisticated steam generators and turbines 
for heat recovery to reach a high level of energy efficiency. 
The process of using gasification technology has been utilized 
in the past few centuries so that it is not a new thing [11], 
[136], [137]. Nearly all over the world gasification plants 
reaching more than 95 and 65 producers have the power to 
use gasification technology? Some of the advantages of 
gasification technology are described as follows: 
 
1. Electric power can produce high efficiency of around 40% 

more than combustion which only reaches 26-30%, the 
cost is very similar. 

2. Current developments on the horizon are very important, 
such as sophisticated gas turbines as well as fuel cells. 

3. Replacement of natural gas and diesel fuel is very possible 
to be used in furnaces and industrial boilers. 

4. Power plants can be distributed with low power demand. 
5. It allows the transfer of gasoline and diesel in the internal 

combustion engine. 
 
One of the main options for utilizing biomass can be done by 
co-firing, so that problems such as technical, social and supply 
can be overcome. Biomass which is burned with fossil fuels 
such as lignite and coal has given a lot of attention especially 
in the developed countries including the United States, 
Denmark and the Netherlands. This is due to the large electric 
kettle which is around 100 MW to 1.3 GW. While a single 
boiler can accommodate biomass between 15-150 MW. 
Biomass can be mixed with different proportions into coal with 
a ratio of 2-25%. Extensively tested biomass energy shows an 
average value of total input of around 15% with only a slight 
modification to the combustion intake system [9], [13], [15], 
[16], [138]–[140]. The use of co-firing for biomass energy has 
the following advantages:   
1. CHP has a fairly established marketing level. 
2. Investment is relatively smaller than factories that only 

use biomass. 
3. Lots of flexibility to manage and integrate several key 

components into the factory. 
4. The environment is more favorable than the use of coal 

in the factory. 
5. Potential to reduce costs to local feedstock. 
6. Availability of raw materials (biomass/waste) is large 

and abundant and sustainable enough. 

7. Biomass efficiency is higher for converting to electricity 
than using 100% wood fuel. 
The CHP (combined heat and power) technology is a 

quite new technology and can last for more than a century. 
CHP was widely operated on a factory scale in the late 19th 
century, although its use has been largely abandoned as the 
emergence of utility monopolies. CHP can basically be 
implemented by adding heat to absorb exhaust if the 
generator cannot dissipate heat in it. The energy captured 
from the generator can be used as an electric generator drive 
[11], [34], [35], [132], [136], [141], [142]. The use of CHP has 
several reasons including: 
1. CHP has an energy efficiency level of 85% compared to 

most traditional electric utilities 35-55%. 
2. Environmental concerns are estimated every MWe from 

CHP could save 1500 t/C/year. 
3. The projected world market indicates decentralized energy 

for generators under 10 MW, a proportion that can 
significantly represent 300 GW of new capacity in 2009 
worldwide. 

Changes in the global privatized energy market and 
decentralization, in particular, have provided new challenges 
and opportunities in general for renewable energy and in 
particular bioenergy. Market-based experiments have 
supported changing the perspective of energy use and 
production. Energy demand, in the long run, is difficult to 
estimate. However, growing demand has shown very clearly 
the use of energy. The questions are: how to meet the 
demand and what resources are more important?, what 
bioenergy has more role in the future?, can renewable energy 
such as biomass energy reach maturity? Many regions in the 
world have confidence in renewable energy growth not only in 
certain markets. The development of the renewable energy 
industry is very crucial for the development of biomass energy 
as a whole. This is due to various encouragement from social, 
environmental, political, energy and energy considerations 
[27], [143], [144]. The idea of renewable energy had been 
pioneered since the 1970s and had progressed in the 1980s. 
The role of this progress was due to the computer revolution 
which was the main key. An increase in renewable energy in 
the 1990s began the emergence of technology so that market 
opportunities can be met, including gasification technology, 
CHP or cogeneration [27], [143], [144]. Growing environmental 
concerns and climate change are the main reasons for the 
increase in renewable energy. Biomass energy can be 
integrated with other energy sources so that the challenges of 
integration with fossil fuels and other renewable energy can be 
met. To create a long-term future of bioenergy, it must be used 
and produced in a sustainable manner so that social and 
environmental benefits can be demonstrated and compared 
with fossil fuels. Development of biomass energy with modern 
systems is the initial stage because the main focus of R&D is 
to develop conversion routes and fuel supply to minimize 
environmental impacts. In addition, the developed biomass 
energy must be integrated with other renewable energy taking 
into account funding, local capacity etc. [11], [20], [136], [141], 
[145]. Biomass energy in the future has the potential with its 
relatively large, sustainable and cost-effective availability to 
the public and private sector. Harvesting of biomass residues 
and growing bioenergy in a sustainable manner can make 
sure biofuel from bioenergy production becomes 
environmentally friendly. Meanwhile, countries can be helped 
in meeting targets to reduce their GHGs [114], [116], [118]. It 
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is estimated that biomass in the short term can dominate the 
world energy supply, especially in Indonesia. When 
sophisticated combustion technology is used for electricity and 
heat generation, the organic waste produced can be produced 
into modern biomass [52], [60], [75]–[77], [97], [131], [146]–
[152]. The amount of energy produced from the production of 
classical and modern biomass technology that has been 
utilized in Indonesia is shown in Table 7. The production 
results using classical and modern biomass technology in 
2012 were 5566 and 2323 Ktoe, respectively. However, the 
estimated use of classical and modern technology in 2030 is 
changed to 3302 and 5942 Ktoe, respectively. Therefore, it 
seems very clear that the use of modern biomass technology 
drastically increased between 2012 and 2030. Meanwhile, in 
the use of classical biomass technology, it declined in that 
period. 

 
6 CONCLUSION 
Indonesia is a developing country that has abundant biomass 
energy potential. Energy is one of the most important needs in 
Indonesia. Original and renewable energy sources found in 
Indonesia are very strategic to be developed. The limitations of 
petroleum provide important points for producing renewable 
fuels in Indonesia. Of all the renewable energy sources, it 
seems that firewood is the most attractive choice for energy 
production. In 2012, energy from firewood reached 17% 
compared to other renewable energy sources. However, the 
techniques used to convert to energy have not used 
sophisticated technology or are still traditional in nature. 
Renewable energy sources in the world and Indonesia have 
very broad applications due to several economic and 
technological consequences that are increasingly developing. 
Energy needs that are increasingly depleting from petroleum 
can be covered by biomass. Biomass can be used to produce 
electricity, fuel for machinery, house heating, and can heat 
industrial facilities. Power generation from biomass in the 
future depends on the use of integrated gasification or gas 
turbine technology. Gasification technology can offer energy 
conversion with a high level of efficiency. Electric power from 
direct biomass combustion can be done with pyrolysis 
technology with commercial-scale sophisticated gasification. 
The use of biomass as an addition to steam-powered 
electricity generation has proven to be economically 
appropriate in certain circumstances. 
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