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Ecofys 2012 

Biofuel demand 
in the EU 
following the 
members‘ 
„National 
Renewable 
Energy Action 
Plans“.  

1. The „climate“ in Europe 

A success story ? 



Result of the analysis of 164 climate change scenarios: 
Global RE primary energy supply (direct equivalent) by source   
http://srren.ipcc-wg3.de/report/IPCC_SRREN_TS.pdf 

AI = Annex 1 States  

(industrialized countries) 
 
NAI = Non Annex 1 States 

2. iLUC associated risks 

Biomass is the most 
important pillar to reach 

the goal 
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Prins A. G.  et al. 2010 

2. iLUC associated risks 
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A European NGO‘s point of view 

2. iLUC associated risks 



Structure of 
modeling iLUC: 

 

http://www.mvo.nl/Portals/0/duurzaamheid/biobrandstoffen/nieuws/2011/03/EP%20rapport.pdf 
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Models in use: 
• Agro-econometric models 
• Cause effect analysis 
• Simple spreadsheets 

3. Calculating „indirect Land Use Change“ (iLUC) 



Carbon stock (in vegetation and soil) for different land uses, in Mg C/ha  

Land use Carbon stock Land use Carbon stock 

Rain Forest, Default 300 Mg C/ha Grassland, Default 100 Mg C/ha 

Rain Forest, Asia, soil = 0 205 Mg C/ha Bushland,  Africa 90 Mg C/ha 

Rain Forest, Asia, Peatland 970 Mg C/ha Woody Cerrado, South America 75 Mg C/ha 

Rain Forest, Amazon 265 Mg C/ha Grassy Cerrado, South America 65 Mg C/ha 

Savanna wet 130 Mg C/ha 

Forest, Default 150 Mg C/ha Grassland tropical 75 Mg C/ha 

Forest North America 140 Mg C/ha Grassland temperate 70 Mg C/ha 

Forest Europe 130 Mg C/ha Pasture temperate, minimal 40 Mg C/ha 

Plantage 110–130 Mg C/ha 

Wetland 100 Mg C/ha Cropland annual harvest, Default 55 Mg C/ha 

Cropland annual harvest, soil = 40 45 Mg C/ha 

Cropland annual harvest, minimal 30 Mg C/ha 
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3. Calculating „indirect Land Use Change“ (iLUC) 



There is direct (dLUC) and indirect (iLUC) Land Use Change (LUC): 

 Direct LUC: You can observe, visit and regulate. 

 Indirect LUC: You can‘t … 

 Indirect LUC can happen within a country, between two 

countries, between more than two countries, within one year or 

over a longer time period. 

 Indirect LUC can be „caught“ with the help of agro-econometric 

model calculations. 

 Unfortunately the models show very different results. 

 One solution to the problem: look for the „best“ model and use 

this results. 

 EPA and DG Climate use this approach. 
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3.1 Agro-econometric models 



Model calculations show significant scattering 

iLUC by biofuels using different calculation models (g CO2eq/MJ) 
http://www.ce.nl/publicatie/biofuels%3A_indirect_land_use_change_and_climate_impact/1068  
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3.1 Agro-econometric models 

http://www.ce.nl/publicatie/biofuels:_indirect_land_use_change_and_climate_impact/1068
http://www.ce.nl/publicatie/biofuels:_indirect_land_use_change_and_climate_impact/1068
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E4tech 2010 

3.2 Cause effect relationships (E4tech) 

The 
analytical 

relationship 
is discussed 
with local 

and regional 
experts: 
expert 

judgement. 
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E4tech 2010 

3.2 Cause effect relationships (E4tech) 

Work 
with 

policy 
scenarios 
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E4tech 2010 

3.2 Cause effect relationships (E4tech) 

Policy scenarios 
define the results 

for iLUC ! 



The EU-goals 

The EU’s overall energy and climate policy target: consumption 
of renewable energy to 20% by 2020. 
 
And for the Transportation Sector: 

4. Biofuel regulation EU 
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4. European Fuel Quality Directive (FQD) and the 
Renewable Energy Directive (RED) 

Indirect LUC-
effects are not 
included in the 
formula above.  
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The EU Commission has developed four options for consideration of 

fighting the iLUC phenomenon: 

1. No activity (watch and wait)  

2. Increase the required minimum greenhouse gas savings of 

RED/FQD, (e.g. DG Energy: 35 % to 65 %) 

3. Introduction of additional sustainability requirements for individual 

biofuels in the RED, 

4. Introduction of a factor for considering iLUC in the calculation 

formula of the greenhouse gas savings (DG Climate, see below) 

And iLUC ? 

5. iLUC controversy within  
the European regulatory bodies 
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http://www.theicct.org/2011/10/new-ifpri-mirage-iluc-study-released-by-european-commission/ 

iLUC here 
stands  
for LUC 

5. iLUC controversy within  
the European regulatory bodies 
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Perhaps one of today‘s best agri-econometric model 

Biodiesel from 
oil seeds does 
not meet the 
35 % savings  



               
Causes 

for  

iLUC 

5. iLUC controversy within  
the European regulatory bodies 
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http://www.theicct.org/2011/10/new-ifpri-mirage-iluc-study-released-by-european-commission/ 



5. iLUC controversy within  
the European regulatory bodies 
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Decision still pending 

The actual status ? 
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6. Renewable Fuel Standard (RFS2) USA 

EPA 
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6. Renewable Fuel Standard (RFS2) USA 

http://www.c2es.org/docUploads/figure2_
0.png 
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6. Renewable Fuel Standard (RFS2) USA 

EPA, Bali 2012 
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6. Renewable Fuel Standard (RFS2) USA 

MPOC 2012 

What is the 
difference: 
1. Modeling, 
2. Uncertainties about 

scientific data, 
3. What are the future 

policy scenarios in 
the countries 
(governance)? 

Malaysian Palm Oil Industry 



7. California Air Resources Board (CARB) 
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“The Global Trade Analysis Project (GTAP) model has a 

global scope, is publicly available, and has a long 

history of use in modeling complex international 

economic effects. Therefore, CARB staff determined 

that the GTAP is the most suitable model for 

estimating the land use change impacts of the crop 

based biofuels that will be regulated under the LCFS.” 

(Low Carbon Fuel Standard 2011 Program Review Report) 

Revisions to CARB´s iLUC values through the  
Low Carbon Fuel Standard (LCFS) Expert Workgroup 

CARB´s recommendation: improve and update GTAP model 

http://www.arb.ca.gov/fuels/lcfs/workgroups/advisorypanel/20111208_LCFS%20program%20review%20report_final.pdf 



7. California Air Resources Board (CARB) 
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http://www.crcao.com/reports/recentstudies2012/E-88-2/CRC%20E-88-2%20Final%20Report.pdf 

6 REFERENCES 
 
77. California EPA Air Resources Board Stationary Source Division; Staff Report: Initial 
Statement of Reasons Proposed Regulation to Implement the Low Carbon Fuel Standard 

Volume 1. 2009.   
 
83. California Air Resources Board; Attachment 2: Land Use Change Effects for Soy 
Biodiesel and Renewable Diesel. 2010. 



8. Personal point of view 

Regional approach 
 
Around 75% of the entire iLUC provoked from the EU  
biofuel goals will be caused by Indonesia/Malaysia and  
Brazil (JRC*). 
  
Cause effect relationship, using ex ante-approaches**, real land 
uses of the past would be used to determine the generated real 
Land Use Change (LUC) in countries (not globally).  
 
Support Good Governance !! 
 
Remote Monitoring would help to validate. 
 

* JRC 2011: Estimate of GHG emissions from global land use change scenarios 

** Lahl 2010: http://bzl-gmbh.de/de/sites/default/files/iLUC_Studie_Lahl_engl.pdf 
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Marcia N. Macedo et al.: Sustainable Science 2011 



9. Summary 

1. LUC or iLUC is a real and serious problem. 

2. It is a specific problem in some countries. 

3. The problem is not “exclusively” associated with  

biofuels! 

4. A rising demand for biomass is likely to intensify  

LUC / iLUC in these countries. 

5. Fighting climate change needs biomass. 

6. Thus, LUC / iLUC should be controlled/supervised  

by appropriate and efficient instruments. 

7. Appropriate instruments are those that start on a regional cause of 

the problem: You should address the land use policy in the 

relevant countries. 

8. Global iLUC factors control “perversely”. Countries fighting/solving 

iLUC or having a negative GHG-balance should have a positive 

incentive for their Good Governance. 

9. REDD is part of the solution 
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Backup 

For answering questions that may arise 
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6. Renewable Fuel Standard (RFS2) USA 

Basiron 2010 



Different Climate Protection Scenarios (IPCC) 

2. iLUC associated risks 

The +2.0 degree 
goal is the 
landmark 
for climate 
protection 
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3.1 Agro-econometric models 

Prins A. G.  et al 2010 

More than a 
dozen models. 
 
The models 
have different 
scopes, 
are in ongoing 
development 
and are not 
comparable. 

Status 2009 



http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0016:0062:de:PDF 

Directive 2009/28/EC:  
„4. Biofuels and bioliquids taken into account for the purposes referred  
to in points (a), (b) and (c) of paragraph 1 shall not be made from  
raw material obtained from land with high carbon stock, namely land that 
had one of the following statuses in January 2008 and no longer has that status:  
(a) wetlands, namely land that is covered with or saturated by water permanently 

or for a significant part of the year;  
(b) continuously forested areas, namely land spanning more than one hectare with 

trees higher than five metres and a canopy cover of more than 30 %, or trees 
able to reach those thresholds in situ;  

(c) land spanning more than one hectare with trees higher than five metres and a 
canopy cover of  between 10 % and 30 %, or trees able to reach those 
thresholds in situ, unless evidence is provided  that the carbon stock of the 

area before and after conversion is such that, when the methodology  laid 
down in part C of Annex V is applied, the conditions laid down in paragraph 2 
of this Article would  be fulfilled. The provisions of this paragraph shall not 
apply if, at the time the raw material was obtained,  the land had the same 
status as it had in January 2008.“ 

4. Biofuel regulation EU 

09/11/2012  |  Division 13  |  Institut IWAR  |  Prof. Dr. Lahl  | 32  



09/11/2012  |  Division 13  |  Institut IWAR  |  Prof. Dr. Lahl  |  

Source U. Fritsche 2011 

3. Calculating „indirect Land Use Change“ (iLUC) 



5. iLUC controversy within  
the European regulatory bodies 
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EU member states are required to source 10% of transport 
energy from renewable sources, mainly biofuels, by 2020. 
FQD requires fuel suppliers to reduce emissions from the 
production of transport fuel by 6% by 2020. 

Internally proposed iLUC-factor from 
DG Climate: Oil seeds 55 g/MJ, 
Ethanol: 15 g/MJ. 
 
Consequences: Market „phase out“ 
for oil seeds 

The data propose iLUC-incorporating CO2/MJ values for 
biofuels as follows: 

Palm Oil - 105g 
Soybean – 103g 
Rapeseed – 95g 
Sunflower – 86g 
Palm Oil with methane capture – 83g 
Wheat (process fuel not specified) – 64g 
Wheat (as process fuel natural gas used in CHP) – 47g 
Corn (Maize) – 43g 
Sugar Cane – 36g 
Sugar Beet – 34g 
Wheat (straw as process fuel in CHP plants) – 35g 
2G Ethanol (land-using) – 32g 
2G Biodiesel (land-using) – 21g 
2G Ethanol (non-land using) – 9g 
2G Biodiesel (non-land using) – 9g 



The European Parliament 

Option 3: Regional approach / additional criteria 
 
 
… calls therefore on the Commission to pursue the issue of iLUC a 

broader approach and to promote adequate protection of the 

environment in those third countries at bilateral and multilateral 

levels, which are affected by land use changes 

5. iLUC controversy within  
the European regulatory bodies 
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Palm Oil might be underrated 
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The European Commission 

Option 4 is favored especially by “DG-Climate” and others.  

Option 4 contains two central problems: 

1. A problem of scientifical correctness of the prediction of the 

global iLUC effect of EU biofuels policy. This forecast can only be 

made via model calculation. These model calculations are so 

uncertain that a legalization would entail high risks. Parts of the 

Commission seem to want to solve this legal problem by finding 

the best of all models. 

2. An iLUC-factor will produce more iLUC.  
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The European Commission 

Option 2 is favored especially by “DG-Energy” and others. 

Option 2 contains two central problems: 

1. What will be the quantitative required minimum greenhouse gas 

savings decided by the Commission and which kind of biofuels can 

meet this standard in the future? 

2. No measures against iLUC in relevant countries like Brazil or 

Indonesia. 
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European Parliament resolution of 15 March 2012 on a  
Roadmap for moving to a competitive low carbon 
economy in 2050 (2011/2095(INI)) 

„The European Parliament, 

 

44.  Calls, therefore, on the Commission to 

follow a broader approach on the 

issue of iLUC and to promote adequate 

protection of the environment in third 

countries affected by land use change 

bilaterally and multilaterally in order 

to take account of the greenhouse gas 

emissions attributable to changes in land 

use patterns; this could be achieved 

through the introduction of additional 

sustainability requirements on certain 

categories of biofuels imported from third 

countries; …“ 



Regional models are available 

Case

B

Large tropical country, 35% of the

land is tropical forest

Relevant input figures
(GE = grain unit)

ILUC in g

CO2eq/MJ

LUCR = 714 000 ha
CSRF = 265 Mg C
CSGLtrop = 75 Mg C
Δ Agr = 150 million Mg GE
Δ Agrfuel = 29 million Mg GE

B 1 Worst case bioethanol:
In the reference year 0.17% of rainforest
is converted. Livestock farming is
replaced by sugar cane cultivation.
Bioethanol production is a major reason
for this. Agrfuel, energy = 4.23 E+11 MJ

159

LUCR = 714 000 ha
CSRF = 265 Mg C
CSGLtrop = 75 Mg C
Δ Agr = 150 million Mg GE
Δ Agrfuel = 3.5 million Mg GE

B 2 Bioethanol:
In the reference year 0.17% of rainforest
is converted. Livestock farming is
replaced by sugar cane cultivation.
Bioethanol production is not a major
reason for this. Agrfuel, energy = 3.76 E+11 MJ

22

LUCR = 714 000 ha
CSRF = 265 Mg C
CSGLtrop = 75 Mg C
Δ Agr = 150 million Mg GE
Δ Agrfuel = 3.1 million Mg GE

B 3 Soybean oil diesel fuel:
In the reference year 0.17% rainforest is
converted to grassland. Pasture is
replaced by soybean cultivation. Soybean
oil-diesel shows no big increase.

Agrfuel, energy = 2.81 E+10 MJ

44

LUCR = 714 000 ha
CSRF = 265 Mg C
CSGLtrop = 75 Mg C
Δ Agr = 150 million Mg GE
Δ Agrfuel = 78 million Mg GE

B 4 Soybean oil diesel fuel:
In the reference year 0.17% rainforest is
converted to grassland. Pasture is
replaced by soybean cultivation. Soybean
oil-diesel shows a large increase.

Agrfuel, energy = 7.98 E+11 MJ

39

LUCR = 2 520 000 ha
CSRF = 265 Mg C
CSSa = 75 Mg C
Δ Agr = 150 million Mg GE
Δ Agrfuel = 78 million Mg GE

B 5 Worst case soybean oil diesel fuel: In the
reference year 0.60% rainforest is
converted to grassland. Pasture is
replaced by soybean cultivation. Soybean
oil-diesel shows a large increase.

Agrfuel, energy = 7.98 E+11 MJ

136
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http://www.bzl.info/de/sites/default/files/iLUC_
Studie_Lahl_engl.pdf 



The problem: Growth 

http://www.bmwi.de/BMWi/Redaktion/PDF/G/gws-prognos-studie-klima-endbericht,property=pdf,bereich=bmwi2012,sprache=de,rwb=true.pdf 
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GDP in selected countries in the reference scenario in billion 
U.S. dollars in 2000 (Purchasing power parities) 



Solution: Decoupling growth and GHG-emissions 

http://peakwatch.typepad.com/.a/6a00d83452403c69e2012876cb6b5d970c-pi 
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Decoupling: Growth and resource uses 

http://www.umweltschulen.de/images/image7007.gif 
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Resource productivity and economic growth 



Decoupling: Growth and waste generation 

BMU 2010 
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Decoupling: Growth and land use? 

An increase in agricultural production does not necessarily lead 

to LUC! 
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Decoupling 

Deforestation in Mato Grosso (13), tons of soy produced (22), and number of heads of cattle 
produced (19) from 2001-2010. Production was normalized to 2001. Production increases 
correspond to an area increase of 3 million ha for cropland (soy) and 10 million ha for pasture 
(assuming one head of cattle per ha). Marcia N. Macedo et al.: Sustainable Science 2011 

A current 
study 
from 
Brazil 
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Decoupling is the basis of environmental policy in Germany, 
the EU and globally. 
  
Thesis: Without the power of persuasion and the fantasy that 
decoupling is possible, the modern environmental policy 
would not have been so successful. 
 
Of course you have also learnt that decoupling is difficult to 
achieve.  
But there are positive examples that it can succeed. 
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Decoupling 



Development of the global vegetable oil production 

http://www.fediol.eu/web/world%20production%20data/1011306087/list1187970075/f1.html 
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IFPRI-study findings 

 iLUC is a serious concern, but significant uncertainties remain 

 Included as a list of 25 sources of uncertainty 

 

 Overall iLUC is estimated to eliminate around 70% the direct 
savings offered by biofuels, leaving biofuels with 17% savings 

 i.e. Biofuels still save emissions compared to fossil fuels even if 
iLUC is included* 

 

 Large differences in estimated iLUC between sugars, cereals and 
vegetable oils 

*No indirect emissions of fossil fuels included 
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Some of the listed uncertainties 

 Crop yields in the baseline and in scenarios 

 How does yield reacts to price? 

 Yield on new land? 

 Substitution among vegetable oils 

 To what extent can substitution take place? 

 The livestock sector/availability of pasture 

 Will intensification take place? 

 Land governance 

 Emissions from palm oil planted on peatland 

 Global agricultural policies towards 2020 

09/11/2012  |  Division 13  |  Institut IWAR  |  Prof. Dr. Lahl  | 50  



Feedstock for Europe 
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Ecofys 2012 

Biodiesel 
feedstock 
used in the EU 
2008 



More Indirect Effects 
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Ros J. P. M. et al 2010 



Burden sharing among countries (IPCC) 

2. iLUC associated risks 

All country 
groups have to 

engage 
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Scenario for Germany (by the Ministry of Environment) 

2. iLUC associated risks 

For example 
Germany 

Risk: iLUC leads to 
high emissions of 
greenhouse gases 
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7. California Air Resources Board (CARB) 
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http://www.crcao.com/reports/recentstudies2012/E-88-2/CRC%20E-88-
2%20Final%20Report.pdf 



7. California Air Resources Board (CARB) 
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LCFS Expert Workgroup: Wide range of different opinions- e.g. 
subgroup „Uncertainty“ (Perspective 1): 
  
„Is it possible that such economic models are inappropriate to 
estimate bioenergy policy effects on first-time land conversion? The 
models assume rational, profit-making behavior, compliance with 
laws, private ownership of property etc. First time conversion is 
generally characterized by public lands (FAO 2010: nearly all 
remaining tropical forests are public property), illegal behavior, 
extensive unmanaged but previously disturbed areas (far more land 
has already been cleared than what is actively used or needed for 
cultivation), insecurity, and other factors that are explicitly excluded 
from the economic models and the assumptions employed thus far to 
estimate iLUC.” 
 
http://www.arb.ca.gov/fuels/lcfs/workgroups/ewg/010511-final-rpt-uncertainty.pdf 



7. California Air Resources Board (CARB) 
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• Revisions to CARB´s iLUC values through Purdue University 
(update GTAP model) 

 
• Interim report of Wallace E. Tyner (Purdue University) “CALCULATION 

OF INDIRECT LAND USE CHANGE (iLUC) VALUES FOR LOW CARBON 
FUEL STANDARD (LCFS) FUEL PATHWAYS” for California Air Resources 
Board (CARB) – October 2011 

• Tyner´s interim report covers four groups of sensitivity analyses: 
• Sensitivity of land cover changes with respect to changes in the 

food demand induced by higher food prices due to biofuel 
production 

• Sensitivity of land cover changes with respect to yield-to-price 
elasticity 

• Sensitivity of land cover changes with respect to land 
transformation elasticity among crops within cropland cover 

• Sensitivity of land cover changes with respect to endogenous 
productivity change for cropland pasture 
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Update GTAP model: Interim report of Wallace E. Tyner (Purdue 
University)  
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The last column in the Table provides the land needed per 1000 gallons of 
biofuel including in the land base the cropland pasture converted to other 
crops. In the past, cropland pasture has been considered as part of cropland 
(and is modeled that way in GTAP), so “conversion” of cropland pasture was 
not counted in emissions calculations. 

Update GTAP model: Interim report of Wallace E. Tyner (Purdue 
University)  



Therefore iLUC should not be regulated via global  

factors on the basis of agro-economic models,  

but regionally and problem-oriented by  

regarding each relevant country individually  

on the basis of cause effect relationships.  

 

This approach would also be administratively realizable, since not 

even a dozen countries around the world are known to be relevant for 

biofuel production. 

 

Biomass from LUC countries does not contribute to climate protection. 

This biomass cannot be rated as a fulfillment of climate protection 

goals. 
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8. Personal point of view 
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Revisions to CARB´s iLUC values through the Low Carbon Fuel 
Standard (LCFS) Expert Workgroup 
 
• The Expert Workgroup was established in February 2010 with 30 

members 
• 8 Expert Workgroup Meetings between February 26 and November 

2010. 
• The meetings were open to the public and broadcast electronically 

via either webcast or webinar. Meeting minutes and documents 
presented or discussed at these meetings: 
http://www.arb.ca.gov/fuels/lcfs/workgroups/ewg/expertworkgroup.htm 

• 9 subgroups: Elasticity Values subgroup, Land Cover Types 
subgroup, Emission Factors subgroup, Co-Product Credits subgroup, 
Time Accounting subgroup, Food Consumption subgroup, Uncertainty 
in LUC Estimates subgroup, Indirect Effects of Other Fuels subgroup, 
Comparative and Alternative Modeling Approaches subgroup 
 

 

http://www.arb.ca.gov/fuels/lcfs/workgroups/ewg/expertworkgroup.htm
http://www.arb.ca.gov/fuels/lcfs/workgroups/ewg/expertworkgroup.htm
http://www.arb.ca.gov/fuels/lcfs/workgroups/ewg/expertworkgroup.htm
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6. Renewable Fuel Standard (RFS2) USA 

EPA, Bali 2012 



What a definition ? 
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