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Abstract - The European Commission has recently 
imposed sustainability criteria on biofuel production 
in the Renewable Energy Directive (RED) to avoid 
negative environmental impacts of biofuel expansion. 
In this article, we analyse the effectiveness of the 
RED sustainability criteria for climate change mitiga-
tion and biodiversity conservation. We first use a 
global land use optimization model to investigate 
environmental effects of the European Union (EU) 
biofuel targets for 2020 without enforcing sustainabil-
ity criteria. In a second step, we show that restricting 
sustainability criteria only on biofuel production is not 
effective. Since the majority of global crop production 
is produced “sustainably” in the sense of the RED 
anyway, more than 10 times of the total European 
biofuel demand in 2020 can be supplied from “sus-
tainable” sources complying with the RED criteria if 
reallocated from sectors without sustainability crite-
ria. This finding points to a potential policy failure of 
applying sustainability regulation to a single sector in 
a single region. To be effective this policy needs to 
target a wider scope of agricultural commodities and 
be more comprehensive in its membership of coun-
tries.1 
 

INTRODUCTION TO USING THE TEMPLATE 
Recently, the European Union has set ambitious 
renewable energy targets with the RED (EC, 2009) 
as of 2020, 20% of the energy consumption and 
10% of the total transport fuel demand should be 
based on renewable sources. Even though biofuels 
offer the potential to reduce fossil fuel based energy 
production and net emissions (Farell et al., 2006), 
increasing biofuel demand can result in higher GHG 
emissions through land use change (Searchinger et 
al., 2008). In addition, biofuel production can also 
lead to biodiversity losses (Hellmann and Verburg, 
2010). In order to avoid negative impacts on the 
environment, sustainability criteria guiding biofuel 
production have been included in the RED. 
 So far numerous studies have analysed effects of 
biofuels on land use change and GHG emissions at 
global scale (i.e. Havlík et al., 2011). However, none 
of the studies has analysed the effects of biofuel 
expansion on biodiversity at global scale although 
there is a serious potential that similarly as the indi-
rect land use change (ILUC) GHG emissions, the 
ILUC biodiversity loss, will be substantial.  
 In this article we use a global land use modelling 
framework to understand the environmental impacts 
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of the European biofuel directive on climate change 
mitigation and biodiversity conservation and assess 
the effectiveness of European biofuel sustainability 
criteria in ensuring the latter. 
 

GLOBIOM 
GLOBIOM is a global recursive dynamic partial equi-
librium bottom-up model integrating the agricultural, 
bioenergy and forestry sectors. Demand and inter-
national trade are represented in this version of the 
model at the level of 27 EU member states and 23 
aggregated world regions outside Europe. The sup-
ply side of the model is based on a detailed dis-
aggregation of land into Simulation Units – clusters 
of 5 arcmin pixels belonging to the same country, 
altitude, slope and soil class, and to the same 30 
arcmin pixel. Crop, forest and short rotation tree 
plantation productivity is estimated together with 
related environmental parameters like i.e. GHG 
budgets, at the level of Simulation Units, either by 
means of process based biophysical models or by 
means of downscaling. Changes in the demand on 
the one side, and profitability of the different land 
based activities on the other side, are the major 
determinants of land use change in GLOBIOM. In the 
objective function, the global agricultural and forest 
market equilibrium is computed by maximizing the 
sum of consumer and producer surplus (Havlík et 
al., 2011). 
 

SCENARIOS 
Our Baseline scenario provides an outlook on how 
bioenergy markets could develop towards 2020 
without any sustainability criteria related to biofuel 
production. The Primes Reference Scenario is used 
for European bioenergy demand up to 2020 and 
NREAPs in 2020. Total European biofuel demand in 
2020 amounts to 881 PJ of biodiesel (235 PJ import-
ed), 286 PJ of bioethanol (74 PJ imported) and 31 PJ 
of 2nd generation biofuels. For the rest of the world 
we use the POLES Baseline Scenario bioenergy pro-
jections. Other important driving forces in the model 
are macro-economic developments such as popula-
tion and GDP growth.  
 The Baseline scenario is compared to the Coun-
terfactual scenario assuming no increase in Europe-
an biofuel demand above 2010 level in order to 
derive the effects of biofuel expansion on GHG emis-
sions and biodiversity. 
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SUSTAINABILITY CRITERIA ASSESSMENT 
We first use GLOBIOM to look at the Baseline sce-
nario and compare it with the Counterfactual scenar-
io to analyse the environmental impacts of the EU 
biofuel targets without sustainability criteria. Se-
cond, we assess effectiveness of the RED sustaina-
bility criteria by identifying the share of production 
in the Baseline scenario complying with these criteria 
and compare it with EU biofuel demand. Computing 
the “sustainable” production complying with RED 
sustainability criteria relies on an ex-post calculation 
respecting the rationale of the RED. We take article 
17.2 (50% emission saving from biofuels), 17.3 (no 
biofuel production on high biodiversity areas) and 
17.4 (no biofuel production on areas with high car-
bon stocks) of the RED into account. 
 

RESULTS AND DISCUSSION 
Biodiversity and GHG emissions 
When contrasting the Baseline to the Counterfactual 
scenario, total emissions increase by 95 Mt CO2 eq 
(+1.3% additional emissions) in 2020. In the Base-
line scenario rising emissions from deforestation and 
from change in cropland management due to biofuel 
expansion cannot be compensated for by an increas-
ing carbon sink due to additional establishment of 
short rotation tree plantations and emission savings 
due to the replacement of fossil fuel with biofuels.  
 In addition, biofuel expansion is responsible for 
about 2.2 Mha losses of highly biodiverse areas, 
mainly highly biodiverse primary forests and grass-
land (12.4% additional biodiversity loss). Total de-
forestation rises by 2.4 Mha (+4.2%). 
 
Effectiveness of RED sustainability criteria 
European bioethanol and biodiesel demand in 2020 
amounts to 286 PJ and 881 PJ respectively, and has 
to be processed from feedstocks complying with RED 
sustainability criteria. Figure 1 presents the share of 
the total EU biofuel demand (1.167 PJ) that could be 
satisfied from “sustainable” production complying 
with RED sustainability criteria (as identified in the 
ex-post calculation) per feedstock type. For exam-
ple, the EU “sustainable” wheat production could 
satisfy 63% of total European biofuel demand in 
2020 in the Baseline. Especially crops for bioethanol 
production like sugar cane and corn have large “sus-
tainable” production potentials globally to satisfy the 
EU biofuel demand.  
 About 75%, of EU biofuel demand is expected to 
come from biodiesel, which offers limited “sustaina-
ble” production potential inside the EU (rapeseed 
can at most supply 33% of the EU biodiesel man-
date). Consequently, a substantial share of biodiesel 
feedstocks will have be imported to Europe to fulfil 
the mandate. Globally, “sustainable” production in 
the sense of the RED can produce more than 10 
times the 2020 EU biofuel demand. 
 We conclude that sustainability criteria of the RED 
will have little or no effect on global agricultural 
production systems due to leakage effects in the 
food, animal feed and the biofuel sector outside 
Europe where no sustainability criteria are applied. 
Since the “sustainable” production complying with 
RED sustainability criteria is too large compared to 

the “sustainable” feedstock demand resulting from 
the EU biofuel mandate, the “sustainable” production 
will be easily redirected to the demand without 
changing the environmental impacts compared to a 
situation without sustainability criteria. 
 

 
Figure 1. Share of “sustainable” production compared to 
total 2020 EU biofuel demand. ROW – Rest of the world. 
 
 Consequently, RED sustainability criteria are 
ineffective in ensuring GHG mitigation and prevent-
ing loss of highly biodiverse areas in agriculture as 
they only cover a small part of the global agricultural 
feedstock demand. Hence, to be effective this policy 
needs to target a wider scope of agricultural com-
modities and be more comprehensive in its member-
ship of countries. In addition, a combination with 
wider land use change policies targeting all drivers 
of land use change and not only the biofuel sector 
may improve effectiveness. 
 

ACKNOWLEDGEMENTS 
The research leading to these results has received 
funding from the EU projects BIOMASS FUTURES 
and PASHMINA. 
 

REFERENCES 
EC (2009). 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 

Farrell A. E., Plevin, R. J., Turner, B. T., Jones, A. D., 
O'hare, M. und Kammen, D. M. (2006). Ethanol can 
contribute to energy and environmental goals. Sci-
ence, 311, 506-508. 

Havlík, P., Schneider, U. A., Schmid, E., Böttcher, 
H., Fritz, S., Skalský, R., Aok,i K., Cara, S. D., Kin-
dermann, G., Kraxner, F., Leduc, S., Mccallum, I., 
Mosnier, A., Sauer, T. und Obersteiner, M. (2011). 
Global land-use implications of first and second 
generation biofuel targets. Energy Policy, 39, 5690-
5702. 

Hellmann, F. und Verburg, P. H. (2010). Impact 
assessment of the European biofuel directive on land 
use and biodiversity. Journal of Environmental Man-
agement, 91, 1389-1396. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


