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Abstract—Biomass is a promising energy resource for the
Southeast Asian countries. There are currently many biomass
related technology development projects taking place in the
emerging countries of the region (Thailand, Indonesia, Viet
Nam, Myanmar, Philippines, Malaysia, Cambodia, Laos). In
this paper, we investigate the critical characteristics of
Japan-supported biomass energy technology development
projects in those countries, specifically on; technology type,
biomass feedstock type, the technology's readiness, and the
geographical location. Information about the projects was
collected from major Japanese organizations and Japanese
private companies’ websites. The results highlight the trends
and direction of biomass energy conversion technology
development in the region. Among them are the following: 1)
Biorefinery is the most popular technology used in the
development projects mainly in Thailand, 2) Boiler, Turbine,
Generator (BTG) projects exist in all countries discussed in this
study, 3) Agricultural residue from rice plantation and Oil
Palm are the two most popular type of feedstocks used in the
projects, 4) Most of the projects’ are still in “feasibility study”
and “pilot demonstration” readiness levels.

Index Terms—Biomass projects, Japan, Southeast Asia,
technology readiness.

. INTRODUCTION

Emerging countries in the Southeast Asia region produce a
significant amount of various types of agricultural biomass,
such as sugarcane, cassava, and rice [1] that are significant as
the staple food supply for the local people. At the same time,
the traditional use of its residues (such as rice husks and straw)
and locally grown biomass for heating and cooking (such as
fuelwood) has been practiced region-wide for centuries and
remains the primary use of biomass for energy in the
region. Solid biomass accounts for 20% of the Southeast
Asian energy mix for the total demand in 2016 [2] and
traditional uses of bioenergy occupy 69% of the Association
of Southeast Asian Nation (ASEAN) total final energy
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consumption of renewable energy in 2014 [3]. The practice
of using biomass energy in traditional ways (mainly direct
combustion for cooking and heating) is inefficient and emits
air pollution that is harmful to human health [4]. Both the use
and planting of biomass should be done sustainably [5]. A
proper storage and transport system for solid biomass to
power local electrification could allow expanded options for
where and when the energy is used. Electrification in the
rural area can indirectly support opportunities for social and
economic development [6] by influencing critical
components of poverty, namely; health, education, income,
and environment [7]. In 2016, 65 million people in Southeast
Asia still lived without access to electricity [2]. Most of them
live in Myanmar (22 million or 41% of the national
population), Indonesia (23 million or 9% of the national
population), the Philippines (11 million or 10% of the
national population), and Cambodia (6 million or 40% of the
national population) [2]. Many of the emerging Southeast
Asian countries are aiming for universal electrification. For
example, Myanmar is aiming for universal electrification by
2030 [8], Indonesia targeted a 99.9% electrification rate by
2019 [9], Cambodia aims to have all villages electrified by
2020 [10], the Philippines aims to meet all electricity demand
by 2040 [11], and Laos aims to provide electricity to 94% of
households in the country by 2020 [12]. While more research
is needed to understand the sustainability of the use biomass
to support the achievement of electrification targets (a Life
Cycle CO2 study was conducted to measure the CO2
emission of using imported woody biomass for co-firing in
coal plant to generate electricity [13]), it has allowed the
replacement of fossil-fuel-based energy in various sectors.
Especially for the transport, building, and industrial sectors,
the use of biomass could provide a little under two-thirds of
renewable energy used for heat and fuel [14]. Presently,
approximately 20% of the energy mix in the Southeast Asian
region is from a renewable resource, and the goal is to
achieve a 35% share by 2023 [3]. Worldwide, both the public
and private sectors have invested in the development of
technology to improve the effectiveness and efficiency of
biomass energy conversion technology [15]. Indicators of
readiness of technologies may include reducing costs,
expanding markets, improved integration with the existing
infrastructure, the improvement of safety, and risk reduction
[16]. In Southeast Asian countries, Japan has been active in
the promotion of biomass energy projects [17], the
development of biomass energy sustainability standards [18],
[19], research collaborations [20], and the establishment of
demonstration projects [21]-[23]. This study analyzed 86
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projects supported by the Japanese government and Japanese
organizations and companies in 8 emerging Southeast Asian
countries (Indonesia, Thailand, Myanmar, Viet Nam, Laos,
Philippines, Cambodia, and Malaysia) at various stages of
implementation. Information about these projects was
collected from the Japanese organizations’ open and
semi-open (accessible by registration) databases available on
the websites of Japan International Cooperation Agency
(JICA), New Energy and Industrial Technology
Development  Organization (NEDO), and Global
Environment Centre Foundation (GEC) and on websites of
Japanese companies that run biomass energy projects in the
region.

The present paper presents the characteristics of the
existing Japan-supported biomass energy conversion
technology development projects in the Southeast Asian
region, in particular, providing the following information:
technology types, biomass feedstock type, the technology’s
readiness, and the geographical location of the projects. This
paper is also an update to a previous Southeast Asia biomass
projects analysis that was published more than a decade ago
[24]. Last, by identifying the bottleneck of technology
development readiness assessment in this study,
decision-makers could accelerate their technology
development progress through troubleshooting the correct
problematic area.

Il. METHODOLOGIES

A. Literature Review and Database Construction

To provide a background information on the existing
biomass resources, power generation potential, and the
related national policies and regulatory environment in
Southeast Asia, a literature review of previously published
journal articles and news was conducted. For analysis on the
technology readiness, biomass feedstock type, technology
type, and geographic location of Japan-supported biomass
projects in emerging ASEAN, a biomass project database
were constructed utilizing the open-source database from
JICA, NEDO, GEC, and Japanese companies’ websites. The
database consists of the biomass project detailed information
such as the organization and companies involved in the
projects, the location of the project (country and
province/town), the feedstock type, the technology used, the
output/product, the capacity, the year of the project, the name
of the project, the readiness level, the website Uniform
Resource Locator (URL), and other relevant information
entered in the note section. In this study, only projects taking
place in the emerging countries in ASEAN region (Thailand,
Indonesia, Viet Nam, Myanmar, Philippines, Malaysia,
Cambodia, Laos) between 2010 and 2018 were included in
the database.

B. Japanese Technology Readiness (J-TRA) Method

The Japanese Technology Readiness (J-TRA) method is
an adaptation from the United States' Technology Readiness
Assessment (TRA). The development process and the
complete application procedure of J-TRA Methodology have
been explained in our previous publication [16], [25], [26].

The J-TRA has seven parameters to determine the readiness
level of a project. These parameters are the following; A)
Market, B) (Technology) Development, C) (Technology)
Integration, D) Verification, E) Safety, F) Commercialization,
and G) Cost and risk. In each parameter, there is a
compliance checklist. The full description of the compliance
checklist for all of the parameters could be found in the
manual published by the Japanese Ministry of Environment
[27]. The result of J-TRA is presented by the Technology
Readiness Level (TRL). There are eight levels of TRL, with
level 1 as the lowest level (usually at a research experiment
level, identified by the existence of research paper as
evidence) and level 8 as the highest level (usually projects
that have been fully commercialized in the intended
environment). To determine the TRL of a project, the scoring
matrix shown by Table | is referred. There are 6 categories in
the scoring matrix; A (Market), B (Development), C
(Integration), D  (Verification), E  (Safety), F
(Commercialization), and G (Cost and Risk). Only when all
the items in each TRL is satisfied, a project can be scored as
the corresponding TRL.

TABLE I: TRL SCORING MATRIX

TRL A B C D E F G

1 A-1 B-1 D-1

2 A-2 B-2 D-2

3 A-3 B-3 C-1 D-3 E-1 F-1 G-1

A-4

4 A5 B-4 C-2 D-4 E-2 F-2 G-2
5 A-6 B-5 C-3 D-5 E-3 F-3 G-3
6 A-7 B-6 C-4 D-6 E-4 F-4 G-4
7 The equipment and systems have been finalized. Manufacturing

and introduction processes has been completed.
Manufacturing and introduction processes has been completed

8 and is in the stage of mass production of products.

Source: [17]

C. Geographic Information System (GIS)

To show the geographical location of the collected
biomass projects in the database, the QGIS software was
used to plot the project locations (town/province) in the map
of each country.

I1l. LITERATURE REVIEW AND DATABASE ANALYSIS

A. Biomass Resources and Power Generation Potential in
Emerging Southeast Asia

Biomass is among the most untapped renewable energy
resources in the Southeast Asian region. The region has an
annual biomass potential of 42 M ton [28]. Most biomass is
generated in Indonesia (32.6 M ton/year), and a significant
amount is located in Myanmar (4.2 M ton/year) and Thailand
(2.5 M tonl/year) [29]. Based on [1], the main types of
agricultural biomass produced in most countries in the region
are cassava, coconuts, bananas, sugarcane, rice paddy, and
oil palm. The primary types of woody biomass produced in
the region are rubber, bamboo, teak, and acacia. Among them,
acacia, bamboo, coconut palm, eucalyptus, rubber, pine, and
teak have significant energy generation potential. Bamboo, in
particular, is categorized as a low-maintenance energy crop,
as it grows quite quickly without much effort required for
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maintenance and intervention. Qil palm is known to be
among the highest vyielding crops compared to other
oil-producing crops [28].

It has been estimated that the advanced biofuel potential
from residues, land freed by closing the yield gap, land freed
by eliminating waste and losses in the food chain, and trees in
forest land in the region would sum to approximately 14,644
PJ of total primary energy potential annually [1]. The
development of the use of biomass energy for both
buildings/electrification and transport fuel plays a significant
role in increasing the share of biomass energy use.

B. Policy and Regulatory Environment

The countries in Southeast Asia generally have
considerably supportive policies that create a conducive
environment for advancing biomass energy generation. The
most tangible governmental support is perhaps the
feed-in-tariff (FIT) mechanisms introduced in the majority of
the countries in the region (Table Il). Thailand was the first
among those countries in the region that introduced FIT for
renewable energy in 2007 [30]. The tariff for biomass-based
electricity in Thailand had been revised twice thus far, in
2009 and 2014. Thailand also currently offers a relatively
higher tariff for biomass (16.97 JPY/kWh for 1 MW to 3 MW
capacity) [31] compared to other countries in the region
(Table I). However, the highest offered tariff is in Indonesia,
at 18.80 JPY/kWh for biogas plants lower than 1 MW [32].
This policy has motivated household-scale biogas plants
using animal slurry and small food industries in the country,
resulting in the establishment of 14,173 anaerobic digestion
(AD) plants in 9 provinces by 2018 [33]. Malaysia has the
most complex pricing categories, which are based on the
capacity of the biomass-based power plant; for up to 10 MW
capacity, the price is 8.44 JPY/kWh, for 10 MW to 20 MW
capacity, the price is 7.90, and for 20 MW to 30 MW capacity,
the price is 7.35 JPY/kWh [34]. With similar detailed pricing
ranges, there is also a list of tariffs for biogas plants that
reduces with an increase in plant capacity. Malaysia only
offers 16 years of payment, shorter than the other countries in
the region, which commonly offer 20 years of payment for all
biomass/biogas-based energy. The Malaysian government
argues that biomass plants often have a quicker payback time
period compared to other types of renewable energy
investment. The grid electricity (mainly from fossil fuel)
prices in the Philippines are among the highest in the region,
at 19.21 JPY/kWh [35], at nearly the price of electricity in
Japan (19.52 JPY/kWh) and only second to Singapore
among the Association of Southeast Asian Nation (ASEAN)
countries, making FIT rather attractive in the Philippines [36].
While Viet Nam offers FIT mechanism [37], the neighboring
countries Laos, Myanmar, and Cambodia currently do not
[30].

TABLE Il: FEED-IN-TARIFFS IN EMERGING SOUTHEAST ASIAN COUNTRIES

Year of Contract FIT rate
Country Implementation duration Conditions (GPY/kWh)**
(year)
Biomass
(medium 9.10 x F*
Indonesia 2012 20 voltage)
Biomass (low 11.87 x F

voltage)

Biogas
(medium 831xF
voltage)
Biogas (low 11.07 x F
voltage)
Lower than
MW 18.80
. 1MW -3
Thailand 2015 20 MW 16.97
Larger than
3IMW 14.92
Vietnam 2014 20 NA 6.48
Biomass (up
to 10MW 8.44
Biomass
10MW — 7.90
20MwW
Biomass
(20MW — 7.35
Malaysia 2011 16 30MW)
Biogas (up to
4AMW) 8.11
Biogas (4AMW
~10 MW) 8.17
Biogas
(10MW-30 7.63
MW)
Philippines 2012 20 NA 14.16
Laos NA
Myanmar  NA
Cambodia NA

* Factor / Territorial bonus based on the location (province) of the project
** Conversion rate June 2019
Source: Compiled by author from [30]-[35]

In addition to electrification, biomass energy is also used
as biofuel for vehicles. The most popular fuel is B20, a blend
of 20% biodiesel and 80% regular diesel, which is rapidly
commercializing in the region. Indonesia introduced the
mandatory use of B20 for all diesel engines operating in the
country starting from September 2018 [38]. In Thailand, B20
is recommended for the heavy commercial vehicle and public
transportation sectors starting from July 2018, but the
regulation is not mandatory at the moment [39]. In Malaysia,
the mandate requires the selling of B10 (a blend of 10%
biodiesel and 90% regular diesel) in all fuel stations starting
from February 2019 [40].

C. Japan-Supported Biomass Energy Technology
Development Projects in Southeast Asia

Japanese technologies related to biomass energy have been
used in projects in a number of Asian countries, especially in
the ASEAN region [17]. To better understand the
characteristics of these biomass projects, we collected
information on biomass energy technology development
projects using the online search engine and created a database
of those projects in an excel workbook. Initially, we found
over 150 projects, but we found that many of them were the
same project in different development stages. We merged
such projects to avoid overlapping. Furthermore, because
technology develops rapidly, we limited the database to only
consist of those taken place after the year 2010. As a result,
there are 86 eligible projects for analysis in this study. Most
of the project information was found in the database of
Japanese organizations such as JICA, NEDO, and GEC.
While the JICA and GEC (the foundation that manages the
Joint Crediting Mechanism (JCM) databases were open to the
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public, the NEDO database containing the full report of the
project was password-protected, and access was granted
through registration. Other project information was found on
the websites of Japanese private companies. Most of the
information was only available in the Japanese language,
although in some cases, summaries were provided in the
English language. We have translated the critical information
from those available only in Japanese. Since the mentioned
organizations are the most prominent development funding
organizations in Japan, together with the projects collected
from the Japanese private companies’ websites, the 86
projects represent a comprehensive representation of the
most significant biomass energy technology development
projects in the region at various development phases.

D. Types of Technology

Among the 86 biomass energy technology development
projects collected in our database (Fig. 1), the highest number
of projects are located in Thailand, with a total of 17 projects.
Indonesia is in the second position, with 16 projects,
followed by Vietnam (14), the Philippines (11), and
Myanmar (11). Among the types of technologies in our
database, biorefining is among the most practiced. These
biorefinery projects used different types of feedstock such as
cassava, Palm Qil Mill Effluent (POME), waste food oil, and
bagasse. The number of biorefinery projects is highest in
Thailand, with nine projects, followed by the Philippines (5),
Myanmar (4), and Indonesia (4). Boiler, turbine, generator
(BTG) technology (including direct combustion, co-firing,
and incineration-based projects) were in all countries in the
region, with the highest number being in Myanmar (4), Viet
Nam (4), and Malaysia (3). Anaerobic digestion is also
among the most practiced technologies, with Indonesia (5)
and Viet Nam (4) leading. Pelletizing (together with chipping
and compression to briquets) technology development
projects were found in a small number in Thailand (1),
Vietnam (1) and Myanmar (2), despite its considerable
attractiveness for Japan due to its high transportability.
Carbonization (including pyrolysis and torrefaction) is also a
potentially attractive technology for Japan because it is
commonly used to improve the transportability, quality, and
storage ability of biomass fuel to improve resistance to
moisture and heating value [33], but only a few such projects
were found in Indonesia (3), Myanmar (1), and Cambodia
(2).

E. Primary Feedstock

As shown in Fig. 2, the most common feedstock used in
the projects is rice husks, with the highest number being in
Myanmar (6), followed by Cambodia (5), Vietnam (2), the
Philippines (1), and Laos (1). While rice is a staple food that
is quite common in the region, the plantation residue is
commonly utilized for farm animal feedstock. The
technologies used in technology development projects using
rice husks vary from gasification to BTG or carbonization.
Another common feedstock is municipal waste, with the
highest number of projects being in Vietnam (4), Indonesia
(2), Myanmar (2), Philippines (2), and Malaysia (1). There
are also several projects using oil palm, but they are localized
in Indonesia (9) and Malaysia (6). There is also a small

number of projects using oil palm found in Myanmar (2). The
part of oil palm used as feedstock in technology development
projects includes empty fruit bunch (EFB), palm kernel shells
(PKS), and other residues using pelletizing, gasification, and
biorefinery technologies.

Japan- supported biomass energy projects in
emerging Southeast Asian countries (by technology)
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Fig. 2. Biomass energy technology development projects (by feedstock).

IV. TECHNOLOGY READINESS LEVELS AND THE PROJECTS’
BOTTLENECKS

Based on the information provided at the original
resources, most of the technology development projects
listed in our database are at the feasibility study and pilot
demonstration stage (Figs. 3 and 4). Among the feasibility
study projects, biorefining, BTG, and AD are the most
practiced technologies. Among the pilot demonstration
projects, biorefining stands out with 11 projects, followed by
BTG, AD, and gasification technologies. Most pelletizing
technology-based projects are still in the experimental
research stage. Moreover, while almost all major types of
technology are available in small numbers in the full
operation stage, they have not necessarily reached full
commercialization capacity. Looking at the feedstocks used
at different levels of project technology readiness, the
majority of the projects with high readiness levels use oil
palm, rice husks, straw, and municipal waste.

To understand in detail about the readiness level and the
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bottlenecks of the project developments, the J-TRA was
applied to all of the projects in the constructed database. Fig.
3 shows an example result of J-TRA application on project
No. 16 (from the database) that is located in North
Kalimantan, Indonesia. This project used coconut shell and
Oil Palm Empty Fruit Bunch (EFB) as feedstock to make
biochar intended for rural electrification. It can be observed
that the lowest TRL are on the market, commercialization,
and cost/risk area. These are the areas that potentially require
more attention to improve the readiness level of the project.
To present the general performance of the 86 analyzed
projects, the TRL results from the highest readiness level of
each technology category in the 8 ASEAN countries is
presented in Fig. 6.
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Fig. 3. Technology development project readiness levels (by technology).
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Fig. 6. Highest project TRL results in 8 ASEAN countries.

V. GIS MAP RESULTS

The geographical location of Japan-supported biomass
energy technology development projects is plotted in the
corresponding countries based on their feedstock using QGIS
software, as shown in Figs. 7-14. In Thailand, most of the
projects are concentrated in the central and north-eastern area,
with oil palm dominating the central area and cassava
dominating the north and north-east. In Indonesia, projects
are concentrated in Java and Sumatera, with primary
feedstocks being different types of oil palm residues. In Viet
Nam, projects are concentrated at both ends of the main
island — the south and the north. Agricultural residue-based
projects such as rice plantations exist at both ends. In the
Philippines, projects are quite evenly distributed throughout
the country. More projects are using industrial and residential
residue (waste from animal husbandry, municipal waste, and
cooking oil) than are using agricultural residue-based
projects. In Malaysia, the projects are concentrated in the
peninsula, with oil palm as the dominant feedstock. In
Cambodia, projects are mainly located near the capital, Pnom
Penh, and the biggest lake, Tonle Sap, with most projects
using rice husks as the primary feedstock. One rice
husk-based project is also found in the neighboring country,
Laos. In general, projects are concentrated near the capital
cities instead of near where the biomass resources are located.
Taking Indonesia as an example, there are a significantly
higher number of projects on Java island than on Kalimantan
island because many of the projects are still at the
demonstration project level, where accessibility plays a more
critical role than proximity to resources. Another possible
factor is political stability; there is no project located in the
conflict-prone southern area of Myanmar. While these
factors are understandable considering the readiness level of
the projects, the actual implementation of full-scale projects
must consider locations that are closer to the source of
feedstock and the end-users, such as unelectrified areas, to
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minimize the environmental burden of transportation as well
as loss in transmission and distribution.
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Fig. 10. The geographical location of the Japan-supported biomass projects
in the Philippines (by feedstock).

Fig. 7. The geographical location of the Japan-supported biomass projects in
Thailand (by feedstock).
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Fig. 11. The geographical location of the Japan-supported biomass projects
in Myanmar (by feedstock).
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Fig. 14. The geographical location of the Japan-supported biomass projects
in Laos (by feedstock).

VI. SUMMARY

The immense potential of biomass energy in the Southeast
Asian region based on its agro-industrial residues could
contribute to increasing the energy supply from non-fossil
fuel resources in the region as well as to reaching the target of
universal electrification. Many of the technologies used in
biomass projects in the Southeast Asian region uses Japanese
technology [17]. In this study, we collected information
about these projects and constructed a database containing 86
Japan-supported biomass projects in the region. Most of the
projects were found to be in the feasibility study stage or the
pilot demonstration level. In other words, most projects are
still in the phase of technology development and have not
reached full readiness level. While biorefining, a technology
that would benefit the transportation sector, dominates the
technologies used in the projects, BTG is the most popular
technology among projects for the electricity generation
sector. While oil palm and rice plantation residues are the
most used feedstock in the projects, the geographic
information system (GIS) map that we developed shows that
most projects are actually located near the capital city for
easy access and monitoring instead of near the location of
feedstocks.

Policy-wise, government regulations in many countries of
the region have created a relatively supportive environment,
such as by introducing competitive FIT for biomass energy
plants and fuel mandates for using biofuels. With such a
promising business environment, it is expected that there will
be more private companies attracted to investing in the
technologies, especially those that have reached higher
readiness levels. For sustainable domestic use, biomass
energy conversion plants should be located near the
feedstocks and end-users. Currently, several full-scale
biomass-energy plants in the region, making use of the
supporting regulations are run by domestic private
companies. Many of these projects are located near the
source of feedstock. It could be expected that as technology
readiness improves, the private sector participation would
increase [16], and the location of biomass-based power plants
will become more distributed.
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