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Abstract

The concept of sustainability science is paramount to establish a development thinking with deep and thorough considera-
tions of hybridized on-ground realities shaped by the interplay of energy, land, economic, and climatic elements. This special
feature intends to engage sustainability science in understanding the role of bioenergy in sustainable development, particularly
for cases in East Asia. Especially, it encourages potential works that carefully consider perspectives of different stakehold-
ers, including communicating with both experts and non-experts and integrating knowledge from different disciplines like
forestry, social studies, or energy system sciences. It aims to create the context for motivating the society in tackling the

sustainability issues related to energy, forest, and society.
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Introduction

The recent adoption of the sustainable development goals
(SDGs) framework marks a big departure from sectorial-
based approaches, to a broader and overarching vision for
improving people’s lives, prosperity, and wellbeing. The
framework established through the auspices of the United
Nations (UN) aims to collectively reset the conventional eco-
nomic-oriented development thinking with a broader set of
social, environmental, and economic targets. The 17 SDGs
are perceived as ‘indivisible whole’ with various types of
interactions between them (Scharlemann et al. 2020). This
implies that strategies must be carefully designed to optimize
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synergies and trade-offs between the SDGs (Renaud et al.
2020).

Among the different energy pathways, bioenergy has an
important role in linking several goals. It covers combina-
tions of policy interventions not only across energy (SDG
7), and land use (agriculture and forestry) (SDG 15), but also
rural development (SDG 8) and climate change (SDG 13).
Transforming land-use and energy systems would require
a more holistic development thinking beyond just ‘land’ or
‘energy’ but covering multiple aspects of a place or terri-
tory. The use of local bio-resources for energy purposes is
not only perceived as an option to ease the stress of energy
security in low population density areas due to high fuel
cost and limited accessibility but also an opportunity to cre-
ate new jobs and income for rural populations. Creating a
domestic and regional production system for bioenergy as
a means of replacing and/or complementing fossil fuels can
potentially contribute to a self-sufficient circular economic
ecosystem. Globally, several successes have been observed
in countries such as Brazil (sugarcane ethanol) and Sweden
(woody biomass for heat and power) with soundly designed
financial support schemes (Silveira and Johnson 2016).

The concept of sustainability science is paramount to
establish a development thinking with deep and thorough
considerations of hybridized on-ground realities shaped
by the interplay of energy, land, economic, and climatic
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elements. In the past, the journal has published several stud-
ies of bioenergy development across the world. Globally,
Yamagata et al. (2018) demonstrate that large-scale bioen-
ergy systems based on energy crops must be implemented
with care even with productivity-boosting strategies like
irrigation, considering the competition not only between
food and fuel production, but also other limiting factors
like water availability. Zooming into Sub-Saharan Africa,
Hayashi et al. (2020) also showed that the role of this type
of bioenergy systems in climate change mitigation may be
lower than expected.

However, Wiek et al. (2015) reported that bioenergy can
contribute to energy and livelihood security in rural Africa,
where energy access and quality of life are low, through
transdisciplinary collaboration oriented towards feasible
solution options beyond sectorial constraints. Brewer et al.
(2018) also demonstrated the key role of bioenergy in energy
sovereignty of indigenous communities in Alaska where
both fuel demand and cost are much higher than other parts
of the country. Cleaner bioenergy for cooking may play an
important role for sustainability transition in underdeveloped
areas such as rural India and Kenya, but there are consider-
able technical, social, and economic constraints (Rehman
et al. 2012; Karanja et al. 2020).

Importantly, bioenergy can be a critical part of forestry
social-ecological systems. Maintaining healthy forests
through the sustainable use of forestry products for various
purposes is crucial in climate change mitigation. Based on
the case of France, Sansilvestri et al. (2020) emphasized
on the need to understand the priorities and capacities of
forestry stakeholders, especially in terms of capital distri-
bution and technical approaches. Matsumoto et al. (2019)
also reported the potential synergies of forestry and cli-
mate change interventions in Indonesia, which has yet to be
accounted effectively for in policymaking.

These studies demonstrated that the deployment of bio-
energy systems is strongly affected or limited by multiple
factors when viewed in a wider canvas, with local complex-
ity especially urban—rural settings. To better understand the
potential role of bioenergy, it is necessary to place it in a
regional or national context of sustainable transformation.
So far, there are few studies like these in Asia, especially the
eastern part of the continent. In both developed and emerg-
ing regions in Asia, bioenergy has often been regarded as a
potential option for energy security and rural development.
Japan is a forerunner with a total of 16 GWe biomass power
generation capacity approved by the end of 2017 (METI
2017). The current development relies heavily on biomass
import, implying that the country will drastically attract a
huge amount of bio-resources in the region if most of the
approved capacity would be realized. South Korea shows a
similar trend of development, while countries in Southeast
Asia like Vietnam, Malaysia, and Indonesia tend to push for
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export rather than domestic use (Kang et al. 2015; Johari
et al. 2015; Simangunsong et al. 2017). However, such
import-oriented development has raised concerns about the
sustainability of the entire bioenergy system in these coun-
tries (Junginger et al. 2019a).

In this context, the Asian countries may need to also
explore opportunities from utilizing local bio-resources to
cover domestic energy demand. Furthermore, healthy land-
scape management in conjunction with bio-production can
contribute to multiple aspects of sustainability. In terms of
environmental benefits, carbon removal and disaster preven-
tion capability can be further enhanced with proper forest
and landscape management while improving productivity
(Matsumoto et al. 2019). Also, biomass can be strategically
used to replace fossil fuels for both local heating and power
generation based on local conditions (Karanja et al. 2020).
Socio-economically, enhancing local bio-production for
material and energy uses may become a key to revitaliz-
ing rural areas through various innovative business models
(Wiek et al. 2015).

This special feature intends to engage sustainability sci-
ence approaches in understanding the role of bioenergy for
sustainable development, particularly in the East Asia con-
tent. Especially, it encourages potential works that carefully
consider perspectives of different stakeholders, including
communicating with both experts and non-experts and inte-
grating knowledge from different disciplines like forestry,
social studies, or energy system sciences. It aims to create
the context for motivating the society in tackling the sustain-
ability issues related to energy, forest, and society.

An overview of the special feature

First, Junginger et al. (2019b) reported the ongoing bio-
energy development in East and Southeast Asia in recent
years. The information was discussed and compiled through
an international workshop organized in Tokyo in Septem-
ber 2018, and attended by government officials, industrial
representatives, and researchers. The article illustrates the
role of Japan (and to a lesser extent South Korea) in driving
regional biomass trade and industrial development, espe-
cially from the Asia Pacific region. This has triggered multi-
ple discussions among the stakeholders over balancing local
supplies and international trade in fulfilling the growing
demand, considering both the actual biomass potential and
sustainability concerns in the potential producing countries.
Meanwhile, the issue of switching from fossil fuel-based
to renewable energy infrastructure was also perceived as a
challenge in Japan and South Korea. Importantly, the lack
of regulatory certainty in both countries has blocked the
development of sustainable bioenergy systems in produc-
ing countries too. Due to its size (potential demand) and
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uncertainty in policy, China remains a wildcard that may
drastically change the regional bioenergy landscape in the
future. From a regional perspective, countries still need to
work more closely through international platforms to address
these challenges together.

Seeing the uncertainty in regional bioenergy supply
chains, alternative decentralized bioenergy systems using
local biomass resources have gained attention from research-
ers from different disciplines. Especially, such systems reso-
nate among rural communities that have close interactions
with forests with its potential advantages in forging syn-
ergies with rural revitalization and forest management. To
explore the feasibility of such scenarios, Goh et al. (2019)
identified five key questions. This covers not only the fun-
damental environmental, economic, and supply—demand
aspects, but also a broader consideration of human-envi-
ronmental relationships and framework to assess the over-
all sustainability from a rural development or revitalization
perspective. Based on the knowledge collected through the
literature and stakeholder discussions, the study concludes
that such a scenario can only be realized with integrative
management across sectors—forestry, energy, culture, local
businesses, and community development. Importantly, local
contexts must be carefully taken into account in designing
such systems.

Kikuchi et al. (2020) further explore the above with an
actual case study on a small, rather isolated island in Japan
against the backdrop of resource security and population
decline. Particularly, a co-learning approach was employed
to assess the deployment of sustainable bioenergy systems
based on available local resources, suitable technologies, and
socio-economic conditions. The article reported large-scale
co-learning efforts, processes, and results across 5 years,
involving a large number of participants from various sec-
tors, as well as residents in a series of events. These efforts
not only allowed for the exchange of perspectives, but also
evolved alongside the co-learning processes with tools like
choice experiments and questionnaires. This study showed
that such a co-learning framework could play a pivotal
role in regional transformation with bioenergy as a central
component.

Terada (2019) demonstrated the contribution of bioen-
ergy to the land-use system’s sustainability based on the
‘satoyama’ concept in Japan, i.e., sustainably managing a
mosaic of forests, agricultural fields, grassland, streams, etc.
on a landscape scale. Particularly, it focuses on the peri-
urban areas in Japan, which is an important landscape in the
country where large cities are still growing amidst of overall
population decline. The study showed that harnessing ben-
efits from small-scale utilization of biomass for heating and
cooking, including during emergencies like earthquakes, can
motivate landscape improvements by local communities. It
provides a method to estimate the amount of biomass that

can be generated through better management of trees dis-
persed across the landscape. While the various challenges
in promoting such a concept were recognized, the study
concluded that it could inspire more holistic thinking of
urban—rural relations and sustainable lifestyles.

To better understand the socio-economic dynamics under-
lying the use of forest resources for different purposes, Oono
et al. (2020) conducted a comprehensive literature review
to analyze the causes and consequences of reduced utiliza-
tion of formerly managed forests in Japan in comparison
with other countries. It disclosed that the abandonment of
former production forests in Japan has caused unwanted
consequences like biodiversity decline and ecosystem dis-
services, although this was less reported for the other devel-
oped countries. The shift of Japan’s policies from local wood
production to imports is recognized as the root cause of for-
est abandonment in the country. The article emphasized
that reactivating forest management is vital to replenish the
ecosystem services provided by forests, and that material
production and bioenergy can provide incentives for this. It
also provokes the rethinking of forestry policies beyond the
conventional private ownership, suggesting a more holistic
approach for sustainable forest management.

Moving forward, the ongoing digital revolution may sub-
stantially affect and transform the existing land-use systems,
providing new opportunities for bioenergy deployment.
Especially, the current technical and logistical challenges
may be gradually overcome with the application of smart
technologies to optimize biomass supply chains in terms of
efficiency and transparency. Ahl et al. (2019) contributed
an article on how this can be effectively realized using the
case of Japan as an example. The application does not limit
to physical improvements like upgrades of transportation
infrastructure and biomass quality management, but also
business model integration and stakeholder relationship
management. Based on field experience and in-depth com-
munications with stakeholders, the study rightly pointed out
that transparency and information sharing are among the
critical elements to address socio-cultural barriers in bio-
energy development, and smart technologies may provide
solutions for these.

Final remarks

The various cases reported in this special feature demon-
strated the roles of bioenergy in sustainable development,
ranging from emission reduction to rural revitalization. Of
particular interest are perspectives gathered from interna-
tional to local scales, insights synthesized from upstream to
downstream levels, and the usefulness of different methodol-
ogies across different cases. Even though international trade
has been perceived as an important component of bioenergy
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development in Asia, the broader consideration of the role
of bioenergy systems for rural revitalization and landscape
management has also been frequently discussed. This pro-
vokes decision-makers to rethink the potential benefits and
trade-offs of bioenergy development from a broader perspec-
tive. Importantly, it must be placed in a wider canvas of sus-
tainable development that cuts across multiple SDGs beyond
individual sectors, disciplines, institutions, and countries.
Currently, bioenergy policies in Asia are still largely discon-
nected, placed under the premise of either energy system,
environmental management (whether climate or forestry), or
rural economic development. Synergies between these goals
are seldom harnessed. Combining the different strategies
depending on both local and regional conditions, as well
as tapping on technological breakthroughs from the digi-
tal revolution, are critical to avoid unwanted consequences
including both direct and indirect environmental degradation
as well as local energy security. While studies in this special
features disclosed these important aspects, more compre-
hensive research that integrates them is needed in the near
future.

The studies presented in this special feature illustrate
how sustainability science can be used to comprehensively
address the complexity of bioenergy development, with
Japan as the main focus country. While these case studies
show that involving stakeholders in knowledge production
is imperative, the development of long-term trust and rela-
tionships between stakeholders is still needed. This has to be
carried out based on sound scientific foundations for sustain-
ability. There have been various ongoing efforts in Japan,
where researchers from institutes like National Institutes for
Environmental Studies (NIES) and United Nations Univer-
sity (UNU) have been actively pushing for the incorpora-
tion of sustainability competencies in local bioenergy and
forestry programs. In the future, researchers may need to be
more proactive to kickstart collaboration among communi-
ties, governments, and industries in collectively addressing
forestry, agriculture, energy, climate, and rural develop-
ment based on sustainability science. How sustainability
science evolves and transforms to address different prob-
lems will continue to be an essential topic for sustainability
researchers.
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