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What is the relationship between 
the bioeconomy and climate change? 
Is it the problem or is it the solution?

What is the relationship between
the bioeconomy and energy security?
Is it the problem or the solution?
It can be either or both –
and what the outcomes will be is far from obvious 



A more sustainable basis for the economy..
“…the concepts of Circular Economy, Green Economy and Bioeconomy
are joined by the common ideal to reconcile economic, environmental 
and social goals.”
• Bioeconomy: bio-based substitutes for non-renewables from agriculture and 

forest industry, biotechnology

• Circular Economy: industrial ecology, cleaner production, materials flows

• Green Economy: environmental and ecological economics, natural resources 
management, more socially inclusive

• Green Growth: economic growth that is environmentally sustainable and 
socially inclusive, growth and sustainability can have mutual positive feedback

D’Amato et al. (2017) Green, circular, bio economies: a comparative analysis of sustainability avenues. Journal of Clean Production.  
https://doi.org/10.1016/j.jclepro.2017.09.053

https://doi.org/10.1016/j.jclepro.2017.09.053


Bioeconomy, climate change and energy 
security are inextricably intertwined

Jeff Lockwood  https://cleanet.org/clean/literacy/tlp/carboncycle/step_4.html

https://cleanet.org/clean/literacy/tlp/carboncycle/step_4.html
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“Two core boundaries —
climate change & 
biosphere integrity— have 
been identified, each of 
which has the potential on 
its own to drive the Earth 
System into a new state 
should they be 
substantially and 
persistently transgressed.”

Stephen et al. (2015) Planetary boundaries: Guiding human development on a changing planet. sciencemag.org/content/early/recent / 15 
January 2015 / Page 1 / 10.1126/science.125985

Not running out of resources, but 
world risks exceeding planetary safe boundaries
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Agri-food systems as driver of climate change
Agriculture-related activities 19-29% of greenhouse gas emissions (2010)

Agri-food systems are 
the primary driver of 
planetary ill health: 
• climate, 
• water, 
• soils, 
• bio-geo-chemical cycles



Bioeconomy related 
climate & energy challenges
• Deforestation driven by cattle ranching, soybean 

production, palm-oil plantations
• Peatland burning leading to air pollution over SE Asia
• Loss of organic matter from soil degradation
•Methane emissions from cattle ranching and rice paddies
• Landfill GHG emissions from food waste
• Fuelwood for cooking, key source of indoor air pollution, 

affecting health of women- children – 3Bn lacking access
• High vulnerability of food systems to climate change, 

particularly affecting resource-poor farmers



Bioeconomy related 
climate & energy opportunities
• Biomass based renewable energy production
• Biofuels, ethanol and biodiesel, for transportation
• Carbon sequestration
• Climate-smart / climate resilient agriculture
• Sustainable farming – decarbonizing ag and food industries
• Lifestyle: reducing food waste, mostly plant based diets
• Increasing access to clean energy for cooking



9Bronson W. Griscom el al.,   "Natural climate solutions," PNAS (2017). www.pnas.org/cgi/doi/10.1073/pnas.1710465114

http://www.pnas.org/cgi/doi/10.1073/pnas.1710465114


Colombia – Accelerated Amazon Vision and Joint 
Declaration on REDD+ with int’l partners

Amazon Vision
Sub-national 

Amazon Vision Program – up to USD 125M over 5 years
Subnational Results-Based Payments Program

“Deforestation Hot-spot”

• Amazon region: 45.8M ha (size of Germany), 40% territory of country, 67% of 
forest totalling 39M ha, with high-level biodiversity, more than 50 indigenous 
group, with1.2M population

• 5 strategic interventions: forest governance; sustainable sectoral dev’t; agro-
environment; indigenous people; enabling conditions (i.e. forest carbon 
accounting system)

• Impact: e.g. USD 12M invested in Agro-environment pillar, 2,707 families 
benefited; 234,633 ha under conservation pacts, which preserve natural 
species.

Joint Declaration on REDD+ & Sustainable Rural Dev’t - Up to USD 178M 

by 2020, plus USD 250M (2020-2025)
Nationwide Results-Based Payments Program

• Modality 1 (Policy milestones) & Modality 2 (Result-based payment).  USD 
$15M disbursed in 2017 by Norway to Sustainable Colombia Fund

• On April 10, 2018, Norway committed additional USD 250M, building on 
current achievements

Joint Declaration 

on REDD+
Nation-wide 



National-level strategy: The Green Growth Task Force (with 
GGGI) is currently analysing bio-economy sector, as one out of 
8 key green growth sectors: 
• Primary production: sustainable agriculture and cattle 

ranching (agroecology)
• Intermediate products: green chemistry and bioenergy 
• Finished products: food (bio-nutrition) and potential, 

pharmaceutics, green textiles and green cosmetic
• Services: health, sustainable tourism, environmental 

services

Sub-national level project pipelines with GGGI (tentative):  
• Nariño: Cultivation and commercialization of “special plants 

for phyto-pharmacological use” to replace illicit crop 
production (linked to Peace process).

• Antioquia: “Vertical farming” is being considered in 
Medellín, as a new strategy to reduce agri-frontier & 
innovate urban farming.

Colombia – Bioeconomy is one of the key sectors for 
Colombia’s Green Growth Policy

@Photo: Business Wire



Ethiopia Climate Resilient Green Economy Facility:
Green growth with constant emissions

The Climate Resilient Green Economy
(CRGE) Facility

q Building the green economy: approx.
US$ 150 billion total expenditure
required over 20 years

q The CRGE Facility was established in
September 2012 in to help mobilize,
access, and combine finances
required for implementing the CRGE. The CRGE shows how Ethiopia's development 

ambitions can be met while keeping emissions 
constant.



Soil Carbon Sequestration, “4 per 1000”
The "4 per 1000" initiative 
intends to increase soil 
organic matter and carbon 
sequestration through the 
implementation of 
agricultural practices 
adapted to local 
environmental, social and 
economic conditions, such 
as agro-ecology, agro-
forestry, conservation 
agriculture or landscape 
management. 

https://www.4p1000.org/

https://www.4p1000.org/
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Marine permaculture: reforesting the 
oceans

Brian von Herzen, The Climate Foundation, http://www.climatefoundation.org/ http://www.drawdown.org/

With an annual production of 27.3 million tons in 2014 and a growth rate of 8% year−1, 
seaweed aquaculture now comprises 27% of total marine aquaculture production.
CM Duarte Front. Mar. Sci., 12 April 2017 | https://doi.org/10.3389/fmars.2017.00100

http://www.climatefoundation.org/
http://www.drawdown.org/
https://doi.org/10.3389/fmars.2017.00100


SDG7 review: the world is not on track to 
achieve the SDG 7 renewable energy target
• Share of renewable energy in total final energy consumption grew 

modestly from 2012 to 2015 – from 17.9 to 19.3%

• Most of the increase is water, solar and wind power – solar and 
wind are still small but growing fast

• Half of the 19% is unsustainable traditional bioenergy use – which 
must be phased out and replaced by modern renewable energy

• Share of renewables in power generation has grown to 25%, with 
solar/wind becoming the cheapest electricity in many countries

• Electricity makes up only 20% of total final energy consumption

• Heating and transport is 80% and progress is much slower for these

http://www.un.org/ga/search/view_doc.asp?symbol=E/2017/66&Lang=E

http://www.un.org/ga/search/view_doc.asp?symbol=E/2017/66&Lang=E


Technology innovation and investment drive down 
costs of renewable energy technologies

Solar PV module costs,  2010-2016

PV LCOE reaching grid parity in many countries.
..with future growth, costs likely fall further.

Investment in renewables in 2015

Source : IRENA, REEP
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ESTIMATED INVESTMENT COSTS TO MEET THE RENEWABLE

ENERGY NDC TARGETS OF 27 GGGI MEMBER AND PARTNER

COUNTRIES: US$260-800 BN

RE Targets of 27 countries

Solar PV

Wind

Hydro

Bio

Geothermal

13,922 MW
(3.9%)

132,060 MW
(37.1%)

11,143 MW
(3.1%)

105,708 MW
(29.7%)

93,347 MW
(26.2%)

Total Investment Needs
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57,310 44,778
16,49823,497

10,079

330,346
(million USD)

The total estimated investment required by 2030 ranges US$258-
797 billion (4.1-12.8% of the combined 2016 GDP of the 27 
countries).

Top 5 countries: India (US$140-292 billion); Mexico (US$29-65 
billion); Indonesia (US$18-53 billion); Ethiopia (US$15-92 billion); 
and Morocco (US$11-24 billion)

D Senshaw, JW Kim 2018 Energy Policy 
https://doi.org/10.1016/j.enpol.2018.02.017

https://doi.org/10.1016/j.enpol.2018.02.017


Hydro power
31%

Coal-based thermal 
power

44%

Natural gas
15%

Biomass
1%Wind

1%

Solar
2%

Pumped-storage 
hydropower

6%

Renewable
10%

system capacity: 60,000 MW RE Capacity: 5940 MW

Planned Renewable Energy Power Capacity 
in Vietnam's Power Sector (2020)

Source: Vietnam Power Development Plan VII (Revised) 
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Overview of Vietnam’s Bio Energy 
Potential (2015-2030)

Source: Draft National Master Plan Biomass Energy (2017) 



Reaching Vietnam’s Biomass Energy Potential 

Current Biomass Energy
2015

Biomass Energy Potential 
(2030)

390 MW
5484
MW

Barriers

Insufficient FiTs for 
biomass energy

Cumbersome 
investment and 

regulatory procedure

Lack of biomass 
energy planning at 

provincial level

Lack of capacity

Policy Advice 
(FiT)

Provincial BE 
Planning

Capacity 
Building

Investment 
Mobilisation for BE 

projects

GGGI’s Value Chain



Commercial Potential of Biomass Energy in Soc Trang Province

Biomass power project
Commercial potential (MW)

Low Scen. (Opt. 1)
(5.8 UScent/kWh)

Low Scen. (Opt. 2)
(7.46 UScent/kWh)

Medium Scen.
(8.59 UScent/kWh)

High Scen.
(9.35 UScent/kWh)

Wood +Straw and others 
based electricity

0 0 10 20

Rice husk based 0 5 25 30
Sugarcane bagasse + 
tops/leaves, others

12 16 16 18

Total 12 21 51 68

Low Scenario (current FiT for sugar bagasse): 5.8 cent/kWh

Medium Scenario: 8.59 cent/kWh

Low Scenario (current FiT for other biomass): 7.46 cent/kWh

High Scenario: 9.35 cent/kWh
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Soc Trang Sugar Company: 12MW bagasse to energy plant
8 sugar companies have grid-connected waste-energy out of 41 in Vietnam



Cambodia: annual consumption of firewood / 
charcoal in industry

Source: GERES 2017



Sustainable charbriquettes: A solution
• The Sustainable Green Fuel Enterprise (SGFE) Cambodia produces 

sustainable charbriquettes from recycled biomass wastes, mostly 
coconut, and can burn longer than traditional wood charcoal, with no 
sparks, no smell and no smoke

• 1kg of SGFE charbriquettes can replace 1.1kg of traditional wood 
charcoal, which results in saving up to 6.6kg of wood from forests

Sustainable



Reforestation
(~10,000 ha)

Canal blocking
(~500 km)

Indonesia: peatland restoration
management interventions

Buffer zones:
Mixed agroforestry

Buffer zones:
Semi-natural, seasonal wetlands
Used for fisheries/aquaculture

Sustainable production:
Agriculture

Aquaculture
Ducks and rice

Buffer zones:
Fish ponds

Buffer zones:
Gelam and 

Honey

Coal road for transporting 
coal across region

Paludiculture
Commercial use of peatland 

after rewetting (blocking 
canals)

Utar-Serapat Peatland, Central Kalimantan, 
Indonesia



Zone 2: Shallow peatlands zone
§ Gelam wood, honey, oil, agroforestry business, 
§ Aquaculture business
§ Carbon credits business

Zone 3: Mineral soils around peatlands
§ Sengon-wood business
§ Rubber plantation business
§ Agri-business

Zone 1: Deep peatlands forest zone

§ Tengkawang (Illipe nut) business 
§ Carbon credits business
§ Eco-tourism

Many investors can play a role in Integrated Peatland Restoration

Government 
support 

(Budgetary and 
policy support)

Grants
(Donor assistance, 

technical assistance, 
etc.)

Equity investors
(impact investors, 

developers, 
corporates, etc.)

Concessional 
debt 

(international climate 
funds, etc.)

Commercial 
debt

(Banks, commercial 
funds etc.)

Specialized 
funding; 
Carbon 

finance, etc.



LEGEND

• Potential Financial 

Instruments

• Government 

stakeholders

• Investors and 

Financiers

• Private sector 

• Non Profit sector

• Communities

Business case for Gelam Tree Plantations (on peat)

Investing in new innovative business model for peatland restoration

Gelam wood, 

carbon, honey 

and oil (SMEs)

Timber 

Corporate Offtake 

agreements

(1) Partial/Full Equity

(2) Offtake agreements

Smallholder 

farmers, 

communities

(1) Operations contracts 

(2) Partial equity 

Microfinance 

institutions

International 

Funds (e.g. GCF)

Commercial 

banks

Trading firms, 

Niche marketing 

agencies 

(1) Partial equity

(2) Mezzanine finance

Impact Investors

(1) Trade finance

(2) Short term Debt

De-risking instruments

(e.g. equity, first loss, etc.)

Microfinance

(1) Budgets

(2) Resources mapping, 

allocation

National, Local 

Government

Additional Policy and 
regulatory support

Carbon finance
Carbon credits offtake

Non-profits

NGOs

Technical 

assistance



Peatland emission reductions and financing

The Utar-Serapat peat 
dome will produce 
600,000 tCO2e carbon 
credits per year 
through peatland 
restoration. 

At USD 5 per tCO2 it 
will take < 10 years for 
carbon financing to 
cover the costs of 
restoration

Source: GGGI financial modelling, November 2017



Biofuels remain pivotal for sustainability in 
the (air, marine) transport sector
K Araujo et al Agriculture 2017, 7, 32; doi:10.3390/agriculture7040032

29http://www.responsiblebusiness.eu/display/rebwp7/Technology

http://www.responsiblebusiness.eu/display/rebwp7/Technology


Using 2 
Nissan Leaf
battery packs 
& a
methane 
Digester

Straus Organic
Creamery,
Marin County
California

All Electric Feed Truck 
Powered by Cow Poop



Climate-smart, low-carbon, resilient livestock
• Grassland systems more vulnerable to climate change 

than cropland systems
• Highest emission intensity in low productivity systems 
• “Greenhouse gas emissions from livestock production 

systems are the largest source of agricultural emissions in 
East Africa – and the fastest growing. The livestock sector 
thus represents the best opportunity for mitigation in the 
region.” CCAFS, CGIAR
• Brachiaria-tropical grass species bred to reduce nitrogen 

emissions from soil
• Climate risk insurance
• Sustainable intensification of livestock systems in 

developing countries
Changing feed to reduce
emissions in Indonesia
Source: CCAFS, CGIAR

Source:
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Health Impacts from Air Pollution (Will) Drive Investment:
Estimated 153M lives saved from reduced ambient air pollution due 
to reduction of 2 to 1.5 degree CC
D Shindell et al Nature Climate Change volume 8, pages291–295 (2018)
doi:10.1038/s41558-018-0108-y Ulaanbatar, Mongolia



Conclusions
1. The agro-food system is the primary driver of planetary ill-health  
2. Can modern bio-economy strengthen the climate agreement and energy 

security? The answer is not obvious – while there have been many proposed 
solutions – from carbon sequestration to biofuels – to date progress is far 
from sufficient to limit CC to 2 degrees, let alone 1.5

3. Current best bets: reforestation, avoided deforestation, reducing food 
waste, healthy plant-based diets, climate smart/resilient ag

4. Bio-energy: locally attractive but limited by available biomass
5. Bio-fuels: if themselves sustainable – these can be pivotal for transport
6. Increased Bioeconomy policy and research focus urgently required to 

address sustainability issues: climate change, energy security – as well as 
access to clean energy and related health concerns



Thank You

www.gggi.org

Follow our Activities on 
Facebook and Twitter

Frank Rijsberman
Frank.Rijsberman@gggi.org


