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Brief introduction to IÖW and “Fair Fuels?”
– Institute for Ecological Economy Research (non-profit)
– independent research and consulting institute
– several current projects on biomass and renewable energies,
– further information on www.ioew.de/en/
– a recently started 4-year research project on biofuels: “Fair Fuels?”
– junior research group with 4 dissertations, 2 habilitations: an
interdisciplinary approach
– 3 case studies: Brazil, Sub-Saharan Africa (Malawi, Mozambique),
EU/Germany
– further information on www.fair-fuels.de/en/
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Definition of „indirect effects“
indirect effects:
– “Indirect effects are the effects that are caused by the introduction of a
bio-energy product, but cannot be directly linked to the production
chain.” (Ros et al. 2010)
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Definition of „indirect effects“
iLUC – indirect land use change
The cultivation of agricultural products on arable and
pasture land can induce a replacement of the previous
crops in other regions and areas.
(e.g. Fritsche et al. 2011)
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Definition of „indirect effects“
Examples
indirect effects:
– biofuel production -> higher prices of food or fodder crops (e.g. Searchinger
et al. 2008)

-> creation of new agricultural land (iLUC) (e.g. Searchinger et al. 2008)
-> decreased food consumption -> “free” agricultural areas (iLUC)
(e.g. Plevin et al. 2010)

-> increased use of fertilizer/irrigation (e.g. Fritsche et al. 2010)
-> GHG effect not clear
– biofuel production -> supply of animal feed as by-products -> “free”
agricultural areas (iLUC) (e.g. Lywood et al. 2009)
– subsidies, tariffs etc. (biofuel, agricultural, land use and trade policy) ->
change in fuel demand (iFUC) (Rajagopal et al. 2011)
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Political regulation
EU Directive 2009/28
– 35% GHG emission reduction compared to fossil fuels, until
2017 50%
Tasks until summer 2011:
– development a method to minimize GHG emissions due to iLUC
– Investigation of the inclusion of an iLUC factor in the GHG
emission balance
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Quantification of iLUC
– around 2007: first publications about this topic
before: rather separated perspectives on different sectors (e.g.
Eickhout et al. 2007)

– three different approaches to quantify iLUC
– Economic modeling:
changes in supply, demand and prices
(e.g. Searchinger et al. 2008, Melillo et al. 2009, Lapola et al. 2010)

– Deterministic modeling:
based on simplified assumptions
(e.g. Fritsche et al. 2010, Plevin et al. 2010)

– Regional modeling:
based on local effects (regional data and observations)
(e.g. Lahl 2010)
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Quantification of iLUC: Economic modeling
– existing models to forecast market changes induced by
agricultural policy measures are developed further and used
to estimate iLUC:
– general economic models
– GTAP, LEITAP, MIRAGE, DART

– and partial economic models
– FASOM, FAPRI

– linking these models with biophysical models allows the
calculation of GHG emissions due to iLUC
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Quantification of iLUC: Economic modeling
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Range of CO2 emissions due to LUC calculated on
basis of results of various economic models using
different C emission factors 40 tC ha-1 [error bars: 10 tC
ha-1, 95 tC ha-1] – based on Edwards et al. (2010).

– wide range of
crop area
changes and
GHG emissions
(Edwards et al. 2010)

Quantification of iLUC: Economic modeling
– reasons for the deviations (e.g. Edwards et al. 2010):
– differences in the methods of calculation: by-products
– differences in the assumptions about increasing use of
fertilizer, irrigation
– general criticism:
– not enough consideration of market distortions (e.g. custom
duties)
– lack of tracebility due to high complexity
– lack of complexity to consider all relevant factors
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Quantification of iLUC: Deterministic
modeling
for example: iLUC-factor of Öko-Institut (Fritsche et al. 2010)
− explicit, simplified assumptions
– iLUC can be estimated on the basis of exported products
– and by considering only the most relevant countries
– approach:
– the total area needed to produce these products is calculated
-> each country‘s proportionate share is derived (world mix)
– share of displaced land corresponds with that in the world mix
– assumptions about country specific land use changes
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– a theoretical emission potential of 13 t CO2/(ha*a) based on
IPCC conversion factors was calculated

Quantification of iLUC: Deterministic
modeling
– due to yield increases and unused areas -> realistic factors lie
between 25 and 75% of the theoretical emission potential
– with the help of yields and conversion factors biofuel specific
iLUC factors were calculated
– results:
– 25%-iLUC-factor: many biofuels miss the GHG emission
reduction target of 35% compared to fossil fuels
– 50%-iLUC-factor: some biofuels have even higher carbon
footprints than fossil fuels
– criticisms:
– lack of consideration of internal trade
13

Quantification of iLUC: Regional modeling
− approach according to Lahl (2010)
– all LUC in a specific country and for a specific period must be
acertained
– GHG emission due to these LUC (ERLUC) are calculated
– the share of biofuels production is calculated (∆ biofuels
production divided by ∆ total agricultural production multiplied
with ERLUC)
– dLUC due to biofuels production is subtracted
– the remaining emissions are allocated to the „originator“
(farms, regions)
– criticism: iLUC are non-local
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Conclusion
– observations:
– time pressure because of need for political regulation
– problematic results for first-generation biofuels
– wide range of results
– research questions:
– What can we learn from regional case-studies for modelling?
– What relevance do country-specific factors have?
– Which other indirect effects should be included in GHG
balances?
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– How should one allocate the iLUC induced GHG emissions
between the biofuel and the previous crop?

References
2009/28/EC Directive 2009/28/EC of the European Parliament and of the Council of 23 April 2009 on the promotion of the use
of energy from renewable sources and amending and subsequently repealing Directives 2001/77/EC and 2003/30/EC.
Retrieved 20.04.20111 from http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:EN:PDF.
Edwards, R., D. Mulligan, and L. Marelli (2010): Indirect land use change from increased biofuels demand. European
Commission, Joint Research Insitute. Retrieved 20.09.2010 from http://re.jrc.ec.europa.eu/bftp/download/ILUC_modelling_comparison.pdf.
Eickhout, B., van Meijl, H., Tabeau, A., van Rheenen, T. (2007): Economic and ecological consequences of four European
land use scenarios. Land Use Policy 24: 562-575.
Fritsche, U.R., and K. Wiegmann (2008): Treibhausgasbilanzen und kumulierter Primärenergieverbrauch von BioenergieKonversionspfaden unter Berücksichtigung möglicher Landnutzungsänderungen. Berlin: Wissenschaftlicher Beirat der
Bundesregierung Globale Umweltveränderungen. Retrieved 20.08.2010 from www.wbgu.de.
Fritsche, U.R., K. Hennenberg, and K. Hünecke (2010): The "iLUC Factor" as a means to hedge risks of ghg emissions from
indirect land use change. Darmstadt: Öko-Institut. Retrieved 20.08.2010 from http://www.oeko.de/oekodoc/1030/2010082-en.pdf.
Fritsche, U.R., Wiegemann, K. (2011): Indirect Land Use Change and Biofuels. Study for the European Parliament, Policy
Department A: Economic and Scientific Policy; Environment, Public Health and Food Safety.
Lahl, U. (2010): iLUC und Biokraftstoffe in der Analyse - Regionale Quantifizierung klimaschädlicher
Landnutzungsänderungen und Optionen zu deren Bekämpfung. Oyten: BZL Kommunikation und Projektsteuerung
GmbH.

16

References
Lapola, D.M., R. Schaldach, J. Alcamo, A. Bondeau, J. Koch, C. Koelking, and J.A. Priess (2010): Indirect land-use changes
can overcome carbon savings from biofuels in Brazil. Proceedings of the National Academy of Sciences 107, no. 8: 33883393.
Lywood, W., Pinkney, and J., Cockerill, S. (2009): Impact of protein concentrate coproducts on net land requirement of
European biofuel production. GCB Bioenergy, no. 1: 346-359.
Melillo, J., Reilly, J., Kicklighter, D., Gurgel, A., Cronin, T., Paltsev, S., Felzer, B., Wang, X., Sokolov, A., and Schlosser, C.
(2009): Indirect emissions from biofuels: how important?, Science 326: 1397-1399.
Plevin, R., O’Hare, M., Jones, A., Torn, M., and Ginss, H. (2010): Greenhouse gas emissions from biofuels indirect land use
change are uncertain but may be much greater than previously estimated. Environmental Science and Technology 44:
8015-8021.
Rajagopal, D., Hochman, g., Zilberman, D. (2011): Indirect fuel use change (IFUC) and the lifecycle environmental impact of
biofuel policies. Energy Policy 39:228-233.
Ros, J.P.M, K.P. Overmars, A.G. Prins, J. Notenboom, and M. van Oorschot (2010): Identifying the indirect effects of bioenergy production. Netherland Environmental Assessment Agency. Retrieved 16.11.2010 from
http://www.rivm.nl/bibliotheek/rapporten/500143003.pd.
Searchinger, R., R. Heimlich, R. Houghton, F. Dong, A. Elobeid, J. Fabiosa, s. Tokgoz, D. Hayes, and T. Yu (2008): Use of
U.S. Croplands for biofuels increased greenhouse gases through land-use change. Science 319, no. 5867: 1238-1240.

17

Thank you for your attention.
Elisa Dunkelberg
IÖW – Institute for Ecological
Economy Research, Berlin

elisa.dunkelberg@ioew.de
12.05.2011

