
Vol.:(0123456789)1 3

Sustainability Science 
https://doi.org/10.1007/s11625-019-00712-w

SPECIAL FEATURE: NOTE AND COMMENT

Sustainable bioenergy deployment in East and South East Asia: notes 
on recent trends

Martin Junginger1  · Jaap Koppejan2 · Chun Sheng Goh3,4

Received: 25 February 2019 / Accepted: 20 June 2019 
© The Author(s) 2019

Abstract
The use and trade of solid biomass for modern bioenergy have grown rapidly in Asia. In September 2018, IEA Bioenergy 
organized a workshop in Tokyo to address these ongoing developments. The policies in Japan and South Korea have triggered 
a more import-oriented development, while bioenergy in Malaysia, Indonesia and China is closely linked to agriculture and 
rural policies. Four major points were raised and discussed: balancing local supplies and international trade, switching from 
fossil to renewable infrastructure, addressing sustainability concerns and tackling regulatory uncertainty. This workshop 
showed a clear need for more information exchange between countries through platforms like IEA Bioenergy.
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Background and aim

While much later than those in Europe and North America, 
many East and Southeast Asian countries recently see rapid 
development in the use and trade of solid biomass for mod-
ern bioenergy (Goh et al. 2013). Apart from using domes-
tic biomass, Japan and South Korea have started to import 
large volumes of biomass (wood pellets and palm kernel 
shells) for co-firing with coal from countries in the Pacific 
Rim (Aikawa 2016). Meanwhile in Southeast Asia as well 
as in China, the trade and use of the modern use of solid 

agriculture residues and fast-growing wood species for com-
bustion, as well as anaerobic digestion of agro-waste efflu-
ents, are increasing rapidly, facilitated by conducive support 
frameworks (AIM 2013; Clare et al. 2016).

To highlight these ongoing developments, chart future 
prospects, discuss possible risks and bottlenecks of increased 
deployment, and enable knowledge exchange, in September 
2018, IEA Bioenergy organized an international workshop 
in cooperation with New Energy and Industrial Technol-
ogy Development Organization (NEDO) and the Ministry 
of Economy, Trade and Industry (METI), with support from 
Renewable Energy Institute (REI) and United Nations Uni-
versity-Institute for Advance Sustainability Studies (UNU-
IAS) in Tokyo, Japan (see Box 1). This paper aims to both 
summarize and discuss the main outcomes of the workshops 
in two sections: recent trends and future perspectives, focus-
ing on six countries presented in the workshop, i.e., Japan, 
South Korea, Malaysia, Indonesia, China and New Zealand. 
It is based on a more comprehensive summary as well as the 
individual presentations (available at IEA Bioenergy web-
site). All estimates, analyses and observations are based on 
anecdotal statements made during the workshop.

Developing Sustainable Bio-Energy Systems in Asia

Handled by Osamu Saito, United Nations University Institute, 
Japan.

 * Martin Junginger 
 H.M.Junginger@uu.nl

1 Copernicus Institute of Sustainable Development, Utrecht 
University, Vening Meineszgebouw A, Princetonlaan 8a, 
3584 CB Utrecht, The Netherlands

2 ProBiomass BV, Ordermolenweg 114, 7300SM Apeldoorn, 
The Netherlands

3 United Nations University, Institute for Advance 
Sustainability Studies (UNU-IAS), 5-53-70 Jingumae, 
Shibuya-ku, Tokyo 150-8925, Japan

4 Japan’s National Institute for Environmental Studies (NIES), 
16-2 Onogawa, Tsukuba, Ibaraki Prefecture 305-0053, Japan

http://orcid.org/0000-0002-5010-2051
http://crossmark.crossref.org/dialog/?doi=10.1007/s11625-019-00712-w&domain=pdf


 Sustainability Science

1 3

Recent trends

Six countries in the focus show different characteristics 
and trends. The policies in Japan and South Korea have 
triggered a more import-oriented development, while 
bioenergy in Malaysia and Indonesia is closely linked 
to agriculture (especially oil palm). China also looks at 
agricultural residues in rural areas, primarily for heating 
to substitute coal. New Zealand, on the other hand, has 
a potential to export woody biomass, but struggling to 
achieve competitive logistic chains.

In Japan, renewable energy production has reported to 
become rather expensive, amongst others because of a lack 
of grid interconnectivity, higher costs and a relatively large 
share of solar PV. Dispatchable bioenergy solutions could, 
therefore, help in reducing generation costs and help cope 
with integrating intermittent wind and solar power. Since 
the introduction of the feed in tariff (FIT) scheme in 2012, 
renewable energy was strongly stimulated, particularly 
solar PV, but biomass power was introduced more slowly. 
As of today, there are 20 coal fired power plants with plans 
for biomass co-firing with a total capacity of about 1 GW. 
The policy target for biomass power in 2030 is about 5 
GW, including 4 GW of wood-fired power plants. It is 
expected that plans for several new smaller-scale coal-fired 
power plants will be changed to dedicated biomass, as the 
Japanese authorization body announced that they were 
going to ban low-energy-efficiency coal plants develop-
ment even with biomass cofiring. In 2017, Japan imported 
0.5 million tons wood pellets and 1.4 million tons of palm 
kernel shells (PKS). The speculation is that wood pellet 
imports will increase to more than 5 million tons in 2023.

Similarly, in South Korea, cofiring with mainly wood 
pellets has seen a large growth after 2012 due to the 
attractive FIT tariff. Comparing to Japan, South Korea 
has imported even more in 2017, amounted to 2.4 million 
tons of pellets. A large fraction of these imports comes 
from Vietnam and Thailand. However, there are public 
concerns with particulate matter emission from co-firing, 
leading to a proposed phase-out of subsidies for co-firing. 

Very likely, South Korea will follow the trend in Japan in 
the near future—wind and solar PV are expected to see the 
largest growth rates, while bioenergy is expected to remain 
steady. In both countries, there is also strong promotion 
of local unused biomass, especially forest residues, but 
mobilization of this biomass is very challenging in terms 
of logistics (cost) and labor force. The general sentiment 
among the two countries is that the  CO2 reduction from 
imports may be slightly less than that of domestic biomass, 
but it is considered as still acceptable by policy-makers.

China, the much larger country, demonstrates different 
trends compared to its neighbor. Bioenergy currently only 
covers less than 1% of the energy mix. Technically, the 
biomass potential is estimated as high as 460 million tons 
of standard coal equivalent (tce), but only < 10% is used. 
Agricultural residues and forest residues are the predominant 
feedstocks used so far. It was reported that the wood pellet 
production capacity has already reached 10 million tons, 
with some of these wood pellets produced in China were 
exported to Japan and Korea due to the higher prices paid 
there. Recently, however, clean heating policies in China 
provided a significant impetus to the use of domestic pel-
lets for local use, which is now the predominant type of 
use. The main rationale behind this is actually more about 
rural revitalization; this includes policies on heating, green 
rural biogas, and bioethanol use. While there are policies 
to support biomass power plants, co-firing of biomass with 
coal is currently just beginning demonstration. Similar to 
the other countries, logistic constraints (collection of resi-
dues) remain the main barriers, but lack of standardized/high 
quality heating equipment in the rural area is also another 
difficult challenge.

Further to the south, bioenergy development in both 
Malaysia and Indonesia are closely linked to their agricul-
tural sector, especially oil palm. They are the two largest 
palm oil producers in the world, which accounted for more 
than 85% of the total production in 2018. This implies that 
a large quantity of oil palm residues is also being gener-
ated. In Malaysia, a detailed analysis by the government 
shows that the technical potential of biomass residues can 
be over 90 million tons, while Indonesia reported that in 

Box 1  IEA Bioenergy Workshop, Tokyo, 2018

This workshop focussed on potential technical and organizational improvements to biomass supply chains, including pre-treatment technolo-
gies, bio-refineries, logistics/trade, final conversion/end-use and overarching topics such as sustainability assurance frameworks and policy 
support options. The workshop provided technical information to decision makers in Asian member countries, but also demonstrated how 
IEA Bioenergy can support these countries in their development. The event was attended by approximately 70 industrial stakeholders as well 
as policy-makers, academics and local biomass associations from Japan and other countries in Southeast Asia. The organization of this work-
shop was led by IEA Bioenergy Task 32 (Biomass Combustion and Cofiring) and Task 40 (Sustainable Biomass Markets and Trade) and the 
IEA Bioenergy Executive Committee, in cooperation with NEDO and METI, with support from REI and UNU-IAS, and additional inputs 
from other IEA Bioenergy members on the Pacific Rim (Korea, Australia, New Zealand and Canada). Practical local organization (hosting) 
of the event was provided by NEDO and METI. More information and presentations can be found here: https ://www.ieabi oener gy.com/publi 
catio ns/inter natio nal-works hop-futur e-persp ectiv es-of-bioen ergy-devel opmen t-in-asia/

https://www.ieabioenergy.com/publications/international-workshop-future-perspectives-of-bioenergy-development-in-asia/
https://www.ieabioenergy.com/publications/international-workshop-future-perspectives-of-bioenergy-development-in-asia/
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terms of potential power capacity at 32 GW. PKS, which 
can be directly collected from palm kernel crushing mills, 
is the most traded type of biomass with high demand from 
Japan and South Korea, but local demand is also growing. 
However, the other field residues are far less competitive 
due to high logistic cost to mobilize them. Another high 
potential option would be biogas production from palm oil 
mills effluents (POME). Currently, it is still under-utilized 
in both countries. The design and enforcement of environ-
mental regulation that require all mills to treat their POME 
are still slow in action.

While Malaysia also exports some PKS, the emphasis 
is clearly on developing the local bio-economy and adding 
value domestically, aiming to produce (and export) higher-
value products. Empty fruit bunches and fronds are targeted 
as a main resource for biochemical productions. The gov-
ernment has made strategic plans for biomass utilization in 
the two pioneer states, Sabah and Sarawak, aiming to mobi-
lize 6 and 5 million tons of biomass, respectively, for use in 
biorefineries and for electricity production. In Indonesia, the 
policy tries to secure affordable energy supply. Up till now, 
there is about 1.8 GW of biomass power in use but largely 
off-grid—only 0.2 GW is connected to grid. Slightly more 
than half of this is contributed by pulp and paper mills, while 
a quarter by palm oil industry. In the near future, sustain-
ability aspects for upstream biomass production may become 
more important as buyers like those from Japan have been 
facing pressure from NGOs to clarify the environmental ben-
efits of importing biomass in large scale.

New Zealand, a country that has close trade relations with 
East and Southeast Asian countries, especially on agriculture 
and forestry products, was also discussed in the workshop. 
It exports a large volume of logs to East Asia, especially 
China. The country has a high share of biomass in indus-
trial and residential heat, but very limited use for electricity. 
Bioenergy development is considered as a component of for-
estry policy, which largely focuses on afforestation, aiming 
to double the number of trees in 10 years’ time. Currently, 
there are only two wood pellet mills and no pellet exports. It 
was estimated that about 3.9 million tons of woody biomass 
residues can be made available if logistics can be handled 
properly.

Challenges and opportunities for further 
bioenergy deployment

Balancing local supplies and international 
trade‑establishing regional markets

Many of the countries described in the previous section have 
seen (strong) growth in bioenergy deployment, some based 
on domestic biomass, and others mainly based on imports 

of biomass. In many cases, this has also sparked the debate 
whether local use should be preferred over imports, e.g., 
to limit import dependency and increase local job creation. 
However, securing biomass feedstocks has been a problem in 
most countries. To develop bioenergy successfully, a holistic 
view is needed, i.e., bioenergy as part of the bio-economy 
where the added value of locally available biomass is maxi-
mized. A careful screening is required to understand which 
feedstocks are available, and which products (e.g., chemi-
cals, heat, electricity, biofuels) can be viable.

Interestingly, the examples of China and Indonesia show 
that the creation of exports markets (e.g., wood pellets in 
China and PKS in Indonesia) may actually create local 
awareness of the availability of this resource and trigger 
local use. Ultimately, it is also the experience in, e.g., many 
European countries that a balance of domestic resources 
and biomass trade often works best. Biomass trade can help 
to reduce costs, and at the same time act as a buffer when 
local supply should diminish (e.g., due to weather-related 
events). It also typically allows for large industrial applica-
tions, which cannot be fuelled solely with local biomass. The 
advent of commodities such as wood pellets (and possibly in 
the future also torrefied pellets) has increased this flexibility.

Switching from fossil to renewable infrastructure

As in the United Kingdom, Belgium, Denmark and the 
Netherlands, Japan and Korea have chosen to convert a 
substantial part of their coal-based assets into biomass. For 
example, in Japan, about 20 co-firing plants are operating 
at the moment; most of them have a relatively small capac-
ity (below 112 MW). Co-firing percentages are typically 
up to 10% for the larger plants (1 GW), while some smaller 
plants co-fire up to around 50%. Estimates for the biomass 
requirements vary between 8 and 20 million tons of domestic 
wood supply for energy in Japan; substantial imports will, 
thus, be required on the long run. The experience in the 
European countries has shown that for co-firing, this is pos-
sible up to a 100% conversion rate. Yet, the situation in East 
Asia (with many investments still to be realized) may also 
allow for a different strategy, e.g., going for torrefied pellets 
or steam explosion pellets, which could allow substantially 
lower investment costs (as, e.g., storage does not need to be 
covered). However, as the number of suppliers of torrefied 
and steam exploded pellets is still limited, this may also pose 
a certain supply risk.

There is, however, a big difference between the large coal 
users in the region, i.e., Japan, South Korea and China, in 
terms of biomass use. The largest coal consumer, China, 
does not perceive biomass as substitutes for coal in power 
plants, but aim for utilization for residential heating. Even 
though coal is still by far the largest source of residential 
heating, the share of biomass has been growing. Biomass 
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fuels costs are reported to be quite competitive, with costs of 
delivered heat very close to that of coal. Thus, this use may 
for the specific Chinese situation be both more economically 
interesting and provide more local benefits in both urban 
and rural areas as well. A clear example is the opportunity 
for biomass-fired district heating networks in Chinese cit-
ies. Meanwhile in Japan, heats produced from biomass do 
not earn incentives like power from the FIT scheme. This 
has significantly limited the growth of bioenergy in the 
country as the potential use of biomass-fired combined heat 
and power (CHP) plants has been largely overlooked. CHP 
plants may be a more economically feasible option when it 
is applied in biomass-rich region with decentralized sys-
tems. The experience in Sweden shows that the production 
of biomass-based heat and electricity in winter time can be 
very attractive to complement solar-based electricity in sum-
mertime using district heating networks.

Addressing sustainability concerns

Not only cost competitiveness is a key aspect for bioenergy 
development, but also sustainability has become a neces-
sary component to be taken into account. For example, 
neglected sustainability aspects in the biodiesel sector in 
Malaysia, particularly related to conversion of forest to palm 
oil plantation, have resulted in a very negative perception 
of this option, making all investments in biomass- and bio-
energy-related technologies very difficult in the past years. 
Also, the ambitious targets in Japan and Korea are a reason 
for concern, as it is quite unclear how much biomass may 
still be obtained from the region in a sustainable manner. 
For example, large-scale removal of agricultural residues 
for energy use may potentially trigger unwanted soil car-
bon depletion, if the entire system is not managed properly. 
Optimistically, the western part of Canada may still offer 
substantial amounts of woody biomass residues from sus-
tainably managed forests, provided that the required price 
levels can be met. This illustrates that such issues need to 
be addressed upfront, e.g., which certification system to use 
for the feedstock.

In this aspect, Asian countries may benefit from the 
experience gained in Europe and North America, such as 
the development of sustainability criteria and certification 
schemes, e.g., the Sustainable Biomass Program (SBP) to 
demonstrate compliance with national legislation and the 
upcoming implementation of the Renewable Energy Direc-
tive 2 (RED2). The actual implementation of these schemes 
is currently ongoing in pioneering countries like the Neth-
erlands—this could provide valuable lessons for countries 
also relying on biomass imports, e.g., on how to stimulate 
sustainable forest management, balance the use of biomass 
for material and energy purposes, and avoid biomass use 
with a high risk of long carbon payback times.

Tackling regulatory uncertainty

Regulatory uncertainty has been regarded as a key chal-
lenge for sustainable bioenergy development in the region. 
This is actually not new in Europe—changes in feed-in 
tariffs (or support mechanisms altogether) have frequently 
occurred in many European countries in the past decade. 
The recent regulatory changes in Korea indeed fit this pat-
tern. Ultimately, bioenergy will have to be able to compete 
on its own under with other renewables and fossil energy 
under, e.g., a fossil carbon tax or carbon trading system, 
which would allow for a more level playing field and pos-
sibly long(er)-term security. A long-term supporting mar-
ket introduction of bioenergy with ambitious policy targets 
and comprehensive supporting frameworks, the econom-
ics of bioenergy may become more feasible and eventu-
ally operating on its own without subsidies and taxes due 
to technological learning. For example, in Denmark and 
Sweden, production costs of most biomass fuels have now 
come down to a lower level than most fossil fuels without 
financial support, and thus can outcompete oil and liqui-
fied natural gas (only coal is cheaper on a per GJ basis in 
some cases).

Meanwhile, regulatory uncertainty linked to sustainabil-
ity could be placed in a larger regional context as large-scale 
international trade is involved. It is of key importance that 
sustainable cooperation between Asian (and North-Ameri-
can) countries is established, to also achieve reforestation 
and other sustainable benefits.

Final remarks

This IEA Bioenergy workshop showed that there is a clear 
need for more exchange of information between countries to 
ensure sustainable bioenergy deployment in East and South-
east Asia. Unlike their European and American counterparts, 
such a discussion at international level, especially concern-
ing cross-border issues like trade and sustainability, is still 
rare among the Asian countries. International exchange and 
collaboration could be very important in addressing broader 
topics such as the creation of successful bioenergy markets, 
development of sustainability governance systems, stable 
support schemes and many technical issues. In the near 
future, the following specific topics may be the crucial ones 
for the region:

• the ability of bioenergy to balance wind and solar power
• the development of bioenergy heat infrastructure
• new financing mechanism for bioenergy, e.g., crowd 

funding
• long-term roadmaps for bioenergy development.
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We hope that next to Korea and Japan, more Asian 
countries will be able to join international discussion on 
the development of bioenergy, especially surrounding the 
themes mentioned above. Platform such as the IEA Bio-
energy Technology Collaboration Programme can improve 
the exchange of knowledge and views between countries to 
better ensure the sustainable development of bioenergy in 
a broader regional or global perspective, especially when it 
involves international trade and sustainability standards. As 
concluded from the workshop, there is a significant potential 
for increased deployment of biomass for energy and materi-
als in the Asian region to transition to low-carbon economy. 
A continued dialog on the topics discussed above would 
certainly aid and help to guide this process.

Acknowledgements The authors would like to thank all workshop 
participants who provided invaluable inputs for the discussion. More 
information about IEA Bioenergy can be found at www.ieabi oener 
gy.com. The participation of the third author, Chun Sheng Goh, was 
supported by JSPS KAKENHI Grant Number JP 17F17776.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 

credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Aikawa T (2016) Recommendations for Woody Biomass Power Gen-
eration under FiT for the realization of a sustainable use of bio-
energy. Renewable Energy Institute, Tokyo. Available at: http://
www.renew able-ei.org/en/activ ities /repor ts_20161 226.php. 
Accessed 17 April 2018

AIM (2013) National Biomass Strategy 2020: New wealth creation 
for Malaysia’s biomass industry. Version 2.0, 2013. Available at: 
http://www.nbs20 20.gov.my/key-princ iples . Accessed 1 Novem-
ber 2017

Clare A, Gou YQ, Barnes A, Shackley S, Smallman TL, Wang W, 
Jiang D, Li J (2016) Should China subsidize cofiring to meet its 
2020 bioenergy target? A spatio-techno-economic analysis. GCB 
Bioenergy 8(3):550–560

Goh CS, Junginger M, Cocchi M, Marchal D, Thrän D, Hennig C 
et al (2013) Wood pellet market and trade: a global perspective. 
Biofuels, Bioprod Biorefin 7(1):24–42

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

http://www.ieabioenergy.com
http://www.ieabioenergy.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://www.renewable-ei.org/en/activities/reports_20161226.php
http://www.renewable-ei.org/en/activities/reports_20161226.php
http://www.nbs2020.gov.my/key-principles

	Sustainable bioenergy deployment in East and South East Asia: notes on recent trends
	Abstract
	Background and aim
	Recent trends
	Challenges and opportunities for further bioenergy deployment
	Balancing local supplies and international trade-establishing regional markets
	Switching from fossil to renewable infrastructure
	Addressing sustainability concerns
	Tackling regulatory uncertainty

	Final remarks
	Acknowledgements 
	References




