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Houston we have a problem!

ÅPeak oil

ÅPeak soil

ÅPeak water

ÅPeak biodiversity loss

ÅPeak population

ÅPeak GDP

ÅClimate

ÅAgriculture

ÅEnergy

ÅBiodiversity

ÅPoverty & 

development

And it is urgent!
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Whatôs it gonna be?
 material/economic 

regionally oriented 

environmental/social 

globally oriented 

            A1 
 
population:  
 
GDP: 
 
technological growth: high 
trade: maximal 

2050:  8.7 billion 
2100:  7.1 billion 
2050:  24.2 10

3
 billion $95/y 

2100:  86.2 10
3
 billion $95/y 

            A2 
 
population:  
 
GDP: 
 
technological growth: low 
trade: minimal 

2050:  11.3 billion 
2100:  15.1 billion 
2050:  8.6 10

3
 billion $95/y 

2100:  17.9 10
3
 billion $95/y 

            B1 
 
population:  
 
GDP: 
 
technological growth: high 
trade: high 

2050:  8.7 billion 
2100:  7.1 billion 
2050:  18.4 10

3
 billion $95/y 

2100:  53.9 10
3
 billion $95/y 

            B2 
 
population:  
 
GDP: 
 
technological growth: low 
trade: low 

2050:   9.4 billion 
2100:  10.4 billion 
2050:  13.6 10

3
 billion $95/y 

2100:  27.710
3
 billion $95/y 
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Agricultural land use!

ÅWe need a lot more food (especially protein).

ÅWe donôt have (a lot) more (agricultural) land.

ÅAgriculture and livestock main threat for biodiversity 
(todayé), main consumer of water, main emitter of 
GHGôs.

ÅAgriculture and poverty interlinked: 70% of the worldôs 
poor in rural setting; 

ÅAgricultural productivity is low on large parts of the 
globe.

ÅSuch agricultural practices often unsustainable as such.

ÅPoverty (and lack of investment) key driver for 
unsustainable land use (erosion, forest loss).
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WAB (Wetenschappelijk Assessment en Beleidsanalyse klimaatverandering): 

Global biomass potentials and their links to food, 

water, biodiversity, energy demand and economy

Veronika Dornburg

André Faaij, Pita Verweij, Hans Langeveld, Gerrie van de Ven, 

Flip Wester, Herman van Keulen, Kees van Diepen, Marieke Meeusen, 

Martin Banse, Jan Ros, Detlef van Vuuren, Gert Jan van den Born, 

Mark van Oorschot, Fleur Smout, Jasper van Vliet, Harry Aiking, 

Marc Londo, Hamid Mozaffarian, Koen Smekens 
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Research objectives

ÅInsight in links between biomass for energy and:

ïFood supply 

ïWater use

ïNature & biodiversity

ïEconomic mechanisms

ïEnergy system

ÅNot included: 

ïsocial, legal and institutional aspects 

ÅOverview knowledge, knowledge gaps and their impacts

ÅPolicy recommendations for biomass development
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Approach

1. Inventory of scientific knowledge in various 

fields and their links:

Global biomass potentials, food, water, 

biodiversity, agricultural economics and energy 

demand

2. Integration: 

Additional quantitative analyses

Qualitative discussion

3. Conclusions, recommendations
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Integrationé

Pfff, itôs 

complexé
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Differences in:

ÅAgricultural 
productivity

ÅFood demand

Weak inclusion of:

ÅWater limitations

ÅDev. human diet

ÅWood demand

ÅBiodiversity 
objectives

Global biomass potentials ïrecent studies

1. Inventory
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Water

ÅSome regions abundant water availability, but also many 

(potentially) stressed areas

ÅDetailed assessment on local (water basin) level needed

ÅChanging rainfall patterns due to climate change => net effect? 
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Biodiversity

ÅPossible indicators imperfect to capture full complexity of 
biodiversity
ÅDifferent indicators => different messages 

(e.g. ñnaturalnessò versus ñagro-biodiversityò)

ÅLocal impact
+: replacing intensive agricultural systems by extensive perennial crops

+: replacing mono-cultures by mixed systems (agro-forestry, mixed 
cropping, organic farming).

-: Conversion of areas with high biodiversity 

(natural areas, extensive agricultural production)

ÅGlobal impact
Å Balance land-use change versus climate change mitigation 

(often negative, ~ developments in the agricultural sector)

Results of studies on biodiversity effects of growing 

bio-energy crops are very diverse
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Food and diets

ÅAll potentials based on FAO projections

ïBest available, but crude

ÅKnowledge gap: consumer preferences on 

diet change: 

ïCultural trends, status

ÅReplacing animal protein by plant protein 

could increase land availability
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Poor coverage of:

ÅMaterial applications poor

ÅConstant costs for biomass

ÅTechnological learning?

Differences:

ÅBiomass cost ïsupply

ÅOther technology options

Demand for biomass for energy
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Agricultural economics

ÅBioenergy now being included in models (1st generation)

ÅMagnitude of agricultural product price changes varies in 

different models

ÅEU-biofuel directive will have strong impact on agricultural 

production and land use in Europe and outside Europe

ÅMacro-economics and consumer choices direct bioenergy 

developments
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Total bioenergy production potential in 2050 based on system 1 to 4 (EJy-1; the left bar is system 1, the 

right bar is system 4 

Bioenergy production potential in 

2050 for different levels of change in 

agricultural management
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Integrated assessment 

modelling results (IMAGE)

B2 2050
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Potential land-use pattern changes

(IMAGE)
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[Hoogwijk, Faaij et al., Biomass & Bioenergy, 2005]
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Yields: perennials ~3x annual
Crop Biomassyield 

(odt/ha* yr)

Energyyield in fuel

(GJ/ha*yr)

Wheat 4 - 5 ~ 50

Corn 5 ï6 ~ 60

Sugar Beet 9 ï10 ~ 110

Soy Bean 1 ï2 ~ 20

Sugar Cane 10 ï20 ~ 180

Palm Oil 10-15 ~ 160

Jathropha 5-6 ~ 60

SRC temperate climate 10 ï15 100 - 180

SRC tropical climate 15 - 30 170 - 350

Energy grasses good conditions 10 - 20 170 ï230

Perennials marginal/degradedlands 3 - 10 30 ï120



Coper ni cus I nst i t ut e

Sust ai nabl e Devel opment  and I nnovat i on Management

Additional modelling

ÅBiomass use: supply or cost the limiting factor?

ïMARKAL, TIMER

ÅImpacts of technology learning (MARKAL)

ÅImpacts on potentials (IMAGE) of:

ïVariations in agricultural yields

ïWater limitation

ïLand degradation

ïBiodiversity reserves

ÅImpacts on biodiversity (GLOBIO)
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Limitations in 

degraded land, protected areas and water


