
Bioenergy for landscape restoration and 
livelihoods in Indonesia

Himlal Baral 
23 May 2023

IEA Bioenergy e-Workshop



Challenges: the food, fuel, fiber or environment? 

Tilman et al 2009, Science 



Results

Private and public investments 

Actions and 
inputs 

Outputs, 
co-benefits 

Impacts 

4-R approach,  right tree on  
right landscape…

$

$

International/national  
goals and commitments

If we design and manage appropriately - we can balance all within the landscape
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About CIFOR-ICRAF

A world-class research institution 

delivering actionable solutions on the 

role of trees, forests and landscapes in 

solving the global crises of land 

degradation and biodiversity loss, 

climate change, unsustainable food 

systems and value chains and inequity. 
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As of 2020: ICRAF = 41 yrs, CIFOR = 27 yrs



Deforestation and biodiversity loss

A climate in crisis

Unsustainable supply and value chains

Transforming food systems

Extreme inequality

Working to solve global challenges
Our research addresses the following global challenges and 
offers actionable, game-changing solutions to achieve 
sustainable transformation.

Our strategy is 
aligned with 
the Sustainable
Development 
Goals (SDGs)
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Deforestation and biodiversity loss – Human survival is intrinsically linked to forests, yet deforestation and forest degradation continue at alarming rates. The consequences will be tragic – especially in biodiverse tropical areas – with looming mass extinctions of plants and animals, and increased likelihood of infectious diseases.�FACT: 50% of the world’s tropical forests have been destroyed since the 1960s.A climate in crisis – Despite clear scientific consensus, the landmark Paris Agreement, and a youth-led global movement, the effects of global heating on ecosystems and human health continue to rise. Since land is both a source and a sink of greenhouse gases, nature-based solutions such as forest conservation, agroforestry, sustainable land management, and landscape restoration offer a clear path forward – yet they receive only 3% of climate funding.FACT: 23% of GHG emissions are from forestry, agriculture and other land uses.Unsustainable supply and value chains – Despite fanfare over private-sector commitments to zero deforestation and sustainable supply chains, evidence of real change remains elusive, while global consumption of forest commodities continues to increase.FACT: Four commodities are responsible for about 40% of tropical deforestation (beef, soy, palm oil, wood).Tranforming food systems – The world’s current food production and distribution systems are deeply flawed: unsustainable agricultural practices continue to destroy forests, degrade land and intensify climate change, while two billion people experience some level of food insecurity. As the world’s population continues to grow, a shift to more sustainable food systems is essential.FACT: 26% of GHG emissions result from food production.Extreme inequality – Women, rural communities, and indigenous people continue to face greater instances of poverty and illiteracy, along with reduced access to basic human needs and livelihood opportunities. During times of crisis, these already vulnerable people are usually the most negatively impacted, with the economic fallout from the COVID-19 pandemic expected to push an extra half a billion people into extreme poverty.FACT: Indigenous people make up 6% of the global population but 15% of the extreme poor. 



Trees and 
forests genetic 
resources and 
biodiversity

Climate 
change, 

energy and 
low-carbon 

development

Our research expertise
Our research is organized around the following topics:    

Sustainable 
value chains 

and 
investments

Soil and land 
health

Governance, 
equity and 
wellbeing



USD $2bn
total invested in 

research

750
staff in 30 
countries

+2,200
projects completed 

in 92 countries

25,000
research
products

Worldwide presence and impact

Sustainable Wetlands 
Adaptation and 
Mitigation Program 
(SWAMP)  USAID funded

+190
active 

partnerships

Regreening Africa, 
funding by 
European 
Commission

Global Comparative 
Study on REDD+
Global, funded by 
Norway

FORETS
Yangambi, DRC, 
funded by EU

South Asia Regional 
Programme (SARP)

Honghe Innovation 
Centre for Mountain 
Futures, China

Highlight 
projects from 
our global 
portfolio
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South America: GCS REDD+ The Global Comparative Study on REDD+ (GCS REDD+) has produced since 2009 a vast amount of peer-reviewed knowledge covering 22 REDD+ initiatives in 6 countries across Latin America, Africa and Asia – including over 700 scientific publications. With support from multiple funding partners, GCS REDD+ generates the analysis, knowledge and tools needed to promote effective, efficient and equitable (3E) outcomes in REDD+ implementation, including secure rights and livelihoods for indigenous peoples and local communities. In Brazil, based on long-term engagement with REDD+ programme implementers through GCS REDD+, the Government of Acre and CIFOR signed a MoU at UNFCCC COP25 to support social and environmental monitoring of the State System of Incentives for Environmental Services. Africa: Regreening Africa Regreening Africa is an ambitious five-year initiative (2017–2022) which is seeking to directly reverse land degradation among 500,000 households across 1 million hectares of agricultural land in eight countries; and catalyse a much larger effort to expand the scale of restoration to tens of millions of hectares of degraded land across the continent. It is funded by the European Union and being implemented in Ethiopia, Ghana, Kenya, Mali, Niger, Rwanda, Senegal and Somalia by five international non-governmental organizations — World Vision, Oxfam, Care International, Catholic Relief Services and Sahel Eco — with World Agroforestry (ICRAF) in an overall coordination and technical leadership role. The project addresses all of the five major global challenges of ICRAF but explicitly focuses on two: environmental degradation and loss of biodiversity; and accelerating climate change. Democratic Republic of Congo: FORETS Yangambi in northern Democratic Republic of the Congo is a key Engagement Landscape. Through long-term collaboration with local and international partners, CIFOR–ICRAF has helped train over 220 postgraduate students through a series of projects in the region. Today, the EU-supported FORETS “FOrmation, Recherche, Environnement dans la TShopo” (training, research, environment in the Tshopo region) is working to preserve the natural resources of Yangambi and to understand local market dynamics, while improving the living conditions of its neighboring communities. China: Honghe Innovation Centre for Mountain FuturesActivities include mountain agroforestry research and training, using mushrooms and fungi for soil health, income and nutrition, agrarian shelterbelt systems in Central Asia, and using traditional ‘ecological calendars’ to plan agricultural activities in the face of climate change. The project categorized edible mushrooms from 99 countries and identified 2189 edible species. ICRAF in China operates in partnership with the Centre for Mountain Futures (CMF), Kunming Institute of Botany, Chinese Academy of Sciences, Chinese Academy of Agricultural Sciences in Beijing. India: SARP Promoting agroforestry in South Asia. The South Asia Regional Programme (SARP) aims to accelerate the adoption of well-tested agroforestry systems through active collaboration with national partner countries. It covers all four South Asian agroecological environments, the mountainous regions, the IndoGangetic Plains, the humid coastal areas and semi-arid lands. Recent achievements include assisting India and Nepal in becoming the first two countries in the world to have national agroforestry policies.  Indonesia: SWAMP The Sustainable Wetlands Adaptation and Mitigation Program (SWAMP) is a collaborative effort by CIFOR–ICRAF, the USDA Forest Service (USFS) and Oregon State University, with support from USAID. Since 2011, SWAMP has informed both global and national climate policies through its robust science, collaboration and intensive training (>200 people trained in measuring wetlands carbon to date). The project is generating knowledge to help manage wetlands sustainably, devise effective climate change strategies and improve local livelihoods. 



• Forests and trees are a vital natural resource upon which people 
rely for firewood, shelter and to power machinery and industrial 
activities.

• Globally, some 2.5 billion people use traditional biomass, such 
as wood and charcoal, for cooking and heating. It can also be 
converted into heat, electricity and liquid fuels.

• In recent years, a modern form of energy derived from biomass, 
known as bioenergy, has become more common.

• Bioenergy offers the potential to sustainably meet growing 
energy needs with the added benefits of restoring degraded land 
and providing food and livelihoods for local communities.

Energy from Forests and Trees



GROWING INTEREST ON BIOENERGY

• 30% rise in global energy demand to 2040 (IEA, 
2016)

• Hundreds of millions of people will still left in 2040 
without basic energy services (IEA, 2016)

• The Paris Agreement on CC – ‘transformative 
change in the energy sector’ is key to reach the 
agreement 

• SD is not possible without access to sustainable 
energy – SDG 7

• National goal/target related to renewable energy 
including bioenergy… e.g., Indonesia 23% by 2025…

• Potential linkage between bioenergy and restoration 
goals 



AGROFORESTRY  LANDSCAPE RESTORATION – FOOD, ENERGY & BIOMATERIALS 

• CIFOR-ICRAF and partners investigating the 
opportunities to restore degraded forests and 
landscapes while producing bioenergy (and foods) 
using climate smart agroforestry methods.

• This approach can simultaneously help to achieve 
other national targets such as food and energy 
security in rural and isolated locations and 
greenhouse gas emissions reductions and providing 
multiple ecosystem services.

• Lessons and good practices can be scaled up and 
scaled out in many islands in Indonesia and other 
parts of Asia 



KEY QUESTIONS

• Q1: How can sustainable bioenergy be 
developed to avoid the food-energy-
environment trilemma with alternative 
feedstocks while restoring degraded lands? 

• Q2: What are the most promising species 
to achieve efficient bioenergy production 
from degraded land? Species characters, 
productivity and additional environmental 
values?

• Q3: What are the socio-economic and 
environmental benefits and challenges of 
bio-energy plantation on degraded land? 

Presenter
Presentation Notes




Traditional ‘sonor’ farming system to climate smart agrosilvofishery

Burning 

SowingHarvesting

No burning: growing rice with various timber, fruit 
and fish species [MORE FOOD, BIOMASS, NO FIRE]

Quick and easy: BUT wide range of environmental 
social economic and political impacts



Farmer
s

Agroforestry 

Fodder
Manure

By-product
(leaves) Leave 

manure

Biomass 
supply

Biomass 
production 

Biomass Power 
Plant

Honey

Core activities
By-product from plantation
Farmer’s income
Additional benefit

Livestoc
k

Sustainable Market Transition from Coal to Biomass (SMART)





NYAMPLUNG / TAMANU TREE BAMBOO PONGAMIA

• Easy to grow

• Multifunctionality
• Native to the region 
• Bioenergy and restoration 



ABOUT PONGAMIA

 Pongamia pinnata, (syn. Millettia
pinnata), also known as the malapari or 
karanja tree, has a large native 
distribution including India.

 The species is also cultivated in India, 
Africa, Australia, the United States, and 
other countries. 

• Grows well on degraded and marginal 
land.



MULTIPLE USES OF PONGAMIA 





Wylie et al., 2023









FOREST NEWS…  EXAMPLES



LAND AVAILABILITY FOR BIOENERGY PLANTATION 

• Common myth: There is not enough land on 
which to grow biofuel crops. Currently, they 
supplant much needed food crops and 
environmental conservation areas

• Fact: Our research suggests large areas of 
degraded and underutilized land is available 
in Indonesia (and globally). The degraded 
land can be restored with climate-smart 
agroforestry systems that support food, 
energy and environmental conservation goals 
(Jaung et al. 2018)



BIOENERGY AND ENVIRONMENT 

• Common myth: Bioenergy plantations 
destroy native vegetation and lead to 
biodiversity loss

• Facts: Initial findings from our work in 
Indonesia demonstrate that bioenergy 
plantations on degraded land are a 
promising approach for land 
restoration and enhance native 
biodiversity. Our two-year-old bioenergy 
research and demonstration plot is 
colonized by several bird species and 
such insects as bees and butterflies. 



FUEL OR FOOD  

• Common myth: Bioenergy plantations 
displace food production areas and increase 
food prices.

• Fact: Our research from Indonesia shows 
that bioenergy and food production, including 
rice, pineapple and fish can be combined at 
plot and landscape scale - increasing the 
value of the land, enhancing food security 
and supporting rural livelihoods



• Fossil-fuel energy is a major contributor to climate 
change and bioenergy is a viable alternative to 
address future societies’ energy needs sustainably

• If designed and managed appropriately, (such as-
climate smart agroforestry system), bioenergy 
plantation can be an effective means to enhance food 
and energy security while supporting climate and 
development goals

• There are wide range of approaches and tools 
available – for sustainable biomass production

• Right crops in right landscape 
• Right business model
• Respecting community rights 

• Dissemination of best practices and identify potential 
for scaling up/improving existing models – through 
public, private partnership

KEY MESSAGES 



cifor.org
blog.cifor.org
ForestsTreesAgroforestry.org

THANK YOU
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