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• In the late 1980ies, Axel critically reviewed
biodiesel from rapeseed oil (1st LCA!)
– Low net GHG reduction; agrochemicals…
– High economic costs

• Debate came back strong in this century:
– GHG from direct + indirect land-use changes; loss of 

biodiversity, water use, agrochemicals, erosion…
– Economic loss, food insecurity, land tenure stress…

• Safeguards and guidance needed!

Biofuels?
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Sustainable Global Energy
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Global Biomass Potential

Source: IIASA, Kraxner 2007, Rokiyanskiy et al. 2006
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Global Biodiversity

Source: UNEP IMAPS
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• Bioenergy life-cycle GHG emission more or
less understood:
– Uncertainty in N2O and CH4 (for biomethane);

– Data variation in cropping (yield, fertilizer), conversion
and background systems (electricity, process heat)

• But land-use change (LUC) impacts need
consideration:
– GHG from direct and indirect land-use changes

– Net result can be positive or negative

GHG Emissions of Bioenergy 
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Direct/Indirect GHG from LUC

Data for LUC-induced GHG emissions only, 
excluding life-cycles
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Total GHG from Biofuels

data from GEMIS 4.5; GHG emissions from
life-cycles + LUC, allocation by LHV
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Biofuel Costs: 2030 outlook
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Conclusions

• GHG emissions LUC dominant: C-rich soils; 
indirect LUC for arable and grassland

• Focus on residues/wastes + marginal/degraded
land negative biodiversity/social tradeoffs?

• Most of future biofuels more costly than fossil 
fuels (@ crude oil <100 US$/bbl) 

• Sustainable biofuels only a moderate contribution
to global energy but importantimportant developmentdevelopment
implicationsimplications
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Degraded Land Mapping

FAO’s Land Degradation Assessment in Drylands (LADA):
Identification of “black spots” of land degradation by trends analysis
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Global Bioenergy Potentials

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

2005 2030-REF 2030-AP

Pr
im

ar
y 

En
er

gy
 S

up
pl

y 
in

 
m

ill
io

n 
to

nn
es

 o
il 

eq
ui

va
le

nt
 [M

tO
E]

-50

100

250

400

550

700

850

Pr
im

ar
y 

En
er

gy
 S

up
pl

y 
in

 E
xa

Jo
ul

e 
[E

J]
 

transport fuels other

World Energy Outlook Global Bioenergy Potential

High

Residuals, wastes

Pasture land
Arable land
Degraded land

World Energy Outlook Global Bioenergy 
Potential

LowBioenergy
today

80% traditional
20% modern 



o.
d e Research 

sponsored by

Biofuels: Going Ahead…
• Degraded Land Potentials, Biodiversity and Social

Effects: Joint International Workshop of UNEP, FAO, 
CI, IUCN, Oeko-Institut, RSB and WWF June 30-July 1, 
2008 in Paris

• FAO BIAS Project: Guidance for developing
countries (late 2008); GBEP Task Force on GHG 
methodologies; CEN TC 383 (2009 ff)

•• Axel Axel nownow helpshelps to to initializeinitialize sustainablesustainable
biofuels biofuels fromfrom degradeddegraded landslands……
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More Information

www.oeko.de/service/biowww.oeko.de/service/bio
u.fritsche@oeko.deu.fritsche@oeko.de


