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The new Renewable Energy Directive[footnoteRef:2] (“REDII” or the “Directive”) entered into force on 24 December 2018[footnoteRef:3]. This Directive promotes the development of renewable energy in the next decade through an EU-wide renewable energy binding target of at least 32% by 2030, to be achieved collectively by Member States. In order to do so, the Directive includes a number of sectoral measures promoting further deployment of renewables in the electricity, heating and cooling and transport sectors, with the overall aim of contributing to reducing greenhouse gas (GHG) emissions, improving energy security, reinforcing Europe's technological and industrial leadership in renewable energy and creating jobs and growth.  [2: 	Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion of the use of energy from renewable sources.]  [3: 	Member States need to transpose its provisions into national law by 30 June 2021.] 

The Directive also reinforces the EU sustainability framework for bioenergy, in order to ensure robust GHG emission savings and minimize unintended environmental impacts. In particular, it introduces a new approach to address emissions from indirect land-use change (“ILUC”) associated with the production of biofuels, bioliquids and biomass fuels. To this end, the Directive sets national limits, which will gradually decrease to zero by 2030 at the latest, for high ILUC-risk biofuels, bioliquids and biomass fuels (“high ILUC-risk fuels”) produced from food or feed crops for which a significant expansion of the production area into land with high carbon stock is observed. These limits will affect the amount of these fuels that can be taken into account when calculating the overall national share of renewables and the share of renewables in transport. However, the Directive introduces an exemption from these limits for biofuels, bioliquids and biomass fuels that are certified as low ILUC-risk.
In this context, the Directive requires the Commission to adopt a delegated act setting out criteria both for (i) determining the high ILUC-risk feedstock for which a significant expansion of the production area into land with high carbon stock is observed and (ii) certifying low ILUC-risk biofuels, bioliquids and biomass fuels (“low ILUC-risk fuels”). The delegated act is due to accompany the present report (the “report”) on the status of production expansion of relevant food and feed crops worldwide. This report provides information linked to the criteria set out in the above-mentioned delegated act in order to identify high ILUC-risk fuels from food or feed crops with a significant expansion into land with high carbon stock and low ILUC-risk fuels. Section 2 of this report describes the EU policy developments to address the ILUC impacts. Section 3 reviews the latest data on the status of production expansion of relevant food and feed crops worldwide. Sections 4 and 5 describe the approach for determining high ILUC-risk fuels from food or feed crops with a significant expansion into land with high carbon stock and for certifying low-ILUC fuels, respectively.
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EU legal framework on biofuels, bioliquids and biomass fuels
The transport sector is particularly challenging from an energy and climate perspective: it consumes around one third of EU's total energy demand, is almost entirely dependent on fossil fuels and its GHG emissions are increasing. To address these challenges, in the early 2000s, EU legislation[footnoteRef:4] at that time already required Member States to set indicative national targets for biofuels and other renewable fuels in transport, since, because of technological advances, the engines of most vehicles in circulation in the Union at that time were already adapted to run on fuels containing a low biofuel blend. Biofuels were the only available renewable energy source to start decarbonising the transport sector, in which CO2 emissions were expected to rise by 50% between 1990 and 2010. [4:  	Directive 2003/30/EC of the European Parliament and of the Council of 8 May 2003 on the promotion of the use of biofuels or other renewable fuels for transport] 

The 2009 Renewable Energy Directive[footnoteRef:5] (“RED”) has further promoted the decarbonisation of the transport sector by setting a specific 10% binding target for renewable energy in transport by 2020. According to reported data and estimates, renewable energy made up around 7 % of all final energy consumption in transport in 2017. With renewable electricity, biogas and advanced feedstock currently playing only a small role in transport, the bulk of renewable energy use in this sector comes from conventional biofuels[footnoteRef:6].  [5:  	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]  [6:  	Biofuels produced from food or feed crops.] 

Furthermore, RED sets out binding greenhouse gas saving and sustainability criteria with which biofuels[footnoteRef:7] and bioliquids, as defined in this Directive, need to comply in order to be counted towards the national and EU renewables targets and to qualify for public support schemes. These criteria define no-go areas (principally land with high carbon stock or high biodiversity) that cannot be the source of the raw material used for producing biofuels and bioliquids, and set out minimum GHG emission saving requirements to be achieved by biofuels and bioliquids compared to fossil fuels. These criteria have contributed towards limiting the risk of direct land use impacts associated with the production of conventional biofuels and bioliquids, but they do not address indirect impacts.  [7:  	The definition of ‘biofuels’ in RED includes both gaseous and liquid biomass fuels used in transport. This is no longer the case in REDII, where ‘biofuels’ is defined as including only liquid biomass fuels used in transport.] 

ILUC associated with conventional biofuels
Indirect impacts can occur when pasture or agricultural land previously destined for food and feed markets is diverted to the production of fuels from biomass. The food and feed demand will still need to be satisfied either through intensification of current production or by bringing non-agricultural land into production elsewhere. In the latter case, ILUC (conversion of non-agricultural land into agricultural land to produce food or feed) can lead to GHG emissions[footnoteRef:8], especially when it affects land with high carbon stock such as forests, wetlands and peat land. These GHG emissions, which are not captured under the GHG saving criteria set out in RED, can be significant, and could negate some or all of the GHG emission savings of individual biofuels[footnoteRef:9]. This is because almost the entire biofuel production in 2020 is expected to come from crops grown on land that could be used to satisfy food and feed markets. [8:  	The CO2 stored in trees and soil is released when forests are cut down and peatlands are drained]  [9:  	SWD(2012) 343 final] 

However, ILUC cannot be observed or measured. Modelling is required to estimate the potential impacts. Such modelling has a number of limitations, but nevertheless, it is robust enough to show the risk of ILUC associated with conventional biofuels. Against this background, the 2015 ILUC Directive[footnoteRef:10] adopted a precautionary approach to minimise the overall ILUC impact by setting a limit to the share of conventional biofuels[footnoteRef:11] and bioliquids that can be counted towards the national renewable energy targets and the 10% renewable transport target. This measure is accompanied by an obligation for each Member State to set an indicative target for advanced renewable fuels with a reference value of 0.5% for 2020, in order to incentivise the transition towards such fuels, which are considered to have lower or no ILUC impacts.  [10:  	Directive (EU) 2015/1513 of the European Parliament and of the Council of 9 September 2015 amending Directive 98/70/EC relating to the quality of petrol and diesel fuels and amending Directive 2009/28/EC on the promotion of the use of energy from renewable sources]  [11:  	“Biofuels” as defined in RED.] 

In addition, the ILUC Directive includes ILUC factors for different categories of food and feed based feedstock. These factors indicate the emissions from ILUC associated with the production of conventional biofuels and bioliquids and are to be used by fuel suppliers for reporting purposes, but not to calculate GHG emissions savings from biofuel production. 
Addressing ILUC through REDII
REDII takes a more targeted approach to reduce ILUC impacts associated with conventional biofuels, bioliquids and biomass fuels[footnoteRef:12]. Since ILUC emissions cannot be measured with the level of precision required to be included in the EU GHG emission calculation methodology, it keeps the approach of having a limit on the amount of conventional biofuels, bioliquids, and biomass fuels[footnoteRef:13] consumed in transport that can be taken into account when calculating the national overall share of renewable energy and the sectoral share in transport. However, this limit is expressed in the form of national caps that correspond to the existing levels of these fuels in each Member State in 2020.  [12:  	“Biomass fuels” is a new term introduced in REDII, which defines these fuels as gaseous and solid fuels produced from biomass.]  [13:  	Since the limitation only affects conventional biomass fuels consumed in transport, that is, in practice, gaseous fuels for transport (part of the definiton of biofuels in RED), there is no substantive change on the fuels covered by this limitation.] 

Some flexibility is allowed as these national limits may be further increased by one percentage point, but an overall maximum is kept so that they cannot exceed 7% of the 2020 final consumption of energy in road and rail transport. Furthermore, Member States may set a lower limit for biofuels, bioliquids and biomass fuels which are associated with a high risk of ILUC, such as fuels produced from oil crops.
In parallel, the promotion of advanced biofuels and biogas is reinforced via a specific binding target of a minimum 3.5% share for 2030, with two intermediary milestones (0.2% in 2022 and 1% in 2025).
In addition, even if Member States can count conventional biofuels and biomass fuels to achieve the renewable target of 14% of energy consumption in the transport sector, they may also reduce the level of this target if they decide to account less of these fuels towards the target. If for instance a Member State decides not to count conventional biofuels and biomass fuels at all, the target could be reduced by the full maximum amount of 7%.
Furthermore, the Directive introduces an additional limit for biofuels, bioliquids and biomass fuels produced from food or feed crops for which a significant expansion of the production area into land with high carbon stock is observed as for biofuels, bioliquids and biomass fuels produced from those feedstock a high risk of ILUC is evident[footnoteRef:14]. Given that the observed expansion into land with high carbon stock is the result of increased demand for crops, a further increase of the demand of such feedstock for the purpose of producing biofuels, bioliquids and biomass fuels can only be expected to aggravate the situation unless measures preventing displacement effects such as low ILUC certification are applied. Consequently, the contribution of such fuels towards the renewable transport target (and also for the calculation of the national overall share of renewable energy) will be limited as of 2021 to the level of consumption of these fuels in 2019. As of 31 December 2023, their contribution will have to be gradually reduced down to 0% by 2030 at the latest.  [14:  	It is important to note that the observed expansion of the production area into land with high carbon stock does not constitute direct land use change in the meaning of the Renewable Energy Directive. The expansion is rather the consequence of increased demand for crops from all sectors. Direct land use change of land with high carbon stock for producing biofuels, bioliquids and biomass fuels is prohibited by of the EU sustainability criteria.] 

[bookmark: _DV_C372][bookmark: _DV_M334]The Directive however makes it possible to exclude biofuels, bioliquids and biomass fuels produced from that feedstock from that limit, provided that they are certified as low ILUC-risk. This certification is possible for feedstock for biofuels, bioliquids and biomass fuels that are produced under circumstances that avoid ILUC effects, by virtue of having been cultivated on unused land or emanating from crops which benefited from improved agricultural practices as further specified in this report.
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Identifying biofuel, bioliquids and biomass fuels feedstock with high iluc-risk 
Setting the criteria for determining high ILUC-risk feedstock for which a significant expansion of the production area into land with high carbon stock is observed includes two tasks:
1. identifying the expansion of feedstock used for producing biofuels, bioliquids and biomass fuels into land with high-carbon stock; and
2. defining what a ‘significant’ feedstock expansion is.
For this purpose, the Commission has carried out extensive research and public consultation, including:
· a review of the relevant scientific literature;
· an global assessment based on GIS (Geographic Information System) data; and
· a wide consultation through a number of meetings with experts and stakeholders who provided the Commission with valuable input that was taken into account in the preparation of this Report and the related Delegated Act.
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Over the past decades, growing world population and higher standards of living have led to increasing demand for food, feed, energy and fibre from the earth's ecosystems. This expanded demand has led to an increased need for agricultural commodities globally, a trend that is expected to continue in the future[footnoteRef:15]. The increased use of biofuels in the EU has contributed to this existing demand for agricultural commodities. [15:  	JRC report 2017: “Report Challenges of Global Agriculture in a Climate Change Context by 2050”.] 

This report aims to capture the global trends in expansion of biofuel relevant feedstocks observed since 2008. This date was chosen to ensure policy coherence with the cut-off dates for the protection of highly biodiverse land and land with high carbon stock set out in Article 29 of the Directive. 
As shown in Table 1, over the period 2008-2016, the production of all major agricultural commodities that are used for the production of conventional biofuels increased, with the exception of barley and rye. Growth of production was particularly pronounced for palm oil, soybean and maize, which is also reflected in the data on the harvested areas. Increase in production of wheat, sunflower, rapeseed and sugar beet were mostly achieved by increasing productivity.
 [image: ]Table 1: Global production expansion of main biofuel feedstock (2008-2016); source: own calculation based on data from FAOstat and USDA-FAS
[bookmark: _Toc535412158][bookmark: _Toc535412375][bookmark: _Toc535412451][bookmark: _Toc535412630][bookmark: _Toc535412785][bookmark: _Toc535413080][bookmark: _Toc535413242][bookmark: _Toc535413285]Typically agriculture demand increases can be met through yield increases and expansion of agricultural land. In a situation where both suitable agricultural land availability and potential yield increases are limited, increased demand for agricultural crops becomes the basic driver for deforestation. Some other key factors, such as achieving maximum profit from the production and complying with related legislation in place, are also likely to play a role in determining how the increased demand is to be met and to which extent it causes deforestation.
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Due to growing global demand for agricultural commodities, part of the demand for biofuels has been met through an expansion of land devoted to agriculture worldwide. When this expansion takes place in land with high-carbon stock, it can result in significant GHG emissions and severe loss of biodiversity. In order to estimate the expansion of the relevant feedstock into carbon-rich land (as defined in RED II), the Joint Research Centre (JRC) of the European Commission has carried out a review of the relevant scientific literature (see Annex I), complemented by a global GIS-based assessment (see Annex II).
Review of the scientific literature

The review of the scientific literature on the expansion of production areas of agricultural commodities into high carbon-stock land has found that no single study provides results for all feedstocks that are used for the production of biofuels, bioliquids and biomass fuels. Instead, studies typically focus on specific regions and specific crops, overwhelmingly on soy and palm oil, while data is very sparse for other crops. Furthermore, different studies not only report on different periods for crop expansion, but also have a different approach on the time delay occurring between deforestation and crop expansion. Therefore, studies that consider the land-cover only during one or two years before crop planting will attribute less deforestation to a crop than those that consider the land-cover since an earlier period. This can lead to an underestimation of the deforestation impact of a crop because, even if deforested areas are not immediately used for crop production, the final aim to use the land for crop production may be one of the most important drivers for deforestation. Whenever possible, the results of these regional studies were combined to derive a global estimate of expansion for each individual crop, as summarized below. 
Soybean
Given the lack of studies providing recent data on a global scale, data were combined from studies and databases from  Brazil, other South American countries and the rest of the world. For Brazil, data on soy expansion since 2008 was taken from the Brazilian IBGE-SIDRA database and combined with data on expansion into forest areas in the Cerrado [Gibbs et al. 2015], averaging for the period 2009-13 in the Amazon [Richards et al. 2017] and the rest of Brazil [Agroicone 2018]. [Graesser et al. 2015] provides data for crop expansion onto forest in other Latin American countries. For the rest of the world,  in the countries showing the greatest soy expansions since 2008, i.e. India, Ukraine, Russia and Canada, few concerns for soy cultivation causing direct deforestation could be found in the literature. Therefore, a share of 2% expansion onto forests was assumed for the rest of the world. As a result, the world average fraction of soy expansion onto high-carbon land was estimated at 8%.
Palm oil
Using sampling of palm oil plantations in satellite data, [Vijay et al. 2016] estimated the fraction of palm oil expansion onto forest from 1989 to 2013, and reported results by country. Setting those national averages in relation to the increases in national harvested area of palm oil in 2008 to 2016, globally 45% of palm oil expansion was onto land that was forest in 1989. Adding confidence to this result is the observation that its results for Indonesia and Malaysia are within the range of the findings of other studies that concentrated on these regions. The supplementary data of [Henders et al. 2015] allocated for the 2008-11 period an average of 0.43 Mha/y of observed deforestation to palm oil expansion. This also represents 45% of the estimated increase in world planted area of palm oil in that period[footnoteRef:16]. Several studies have also analysied the fraction of palm oil expansion onto peatland. Placing the most weight on the results of [Miettinen et al. 2012, 2016], which can be considered the most advanced study in this area, and assuming zero peatland drainage for palm in the rest of the world, gives an interpolated weighted average estimate of 23% expansion of palm oil onto peat for the whole world between 2008 and 2011.  [16:  	Harvested area data is available for all countries. However, it is smaller than planted area because immature palm trees do not bear fruit. However, the ratio of increase in planted area to harvested area also depends on the area-fraction of immature palms from replanting. Planted area increases were found in national statistics of Indonesia and Malaysia, and combined with adjusted harvested area increases for the rest of the world. ] 

Sugar cane
More than 80% of global sugar cane expansion took place in Brazil from 2008 to 2015. [Adami et al. 2012] reported that only 0.6% of sugar cane expansion in the Centre-South of Brazil went onto forest between 2000 and 2009. Although the region accounted for about 90% of world sugar cane expansion in that time period, there was some expansion in other regions of Brazil not covered by this study. [Sparovek et al. 2008] agreed that in 1996-2006 sugar cane expansion in the Brazilian Centre-South was almost entirely onto pasture or other crops; however, another 27% of expansion occurred in “peripheral” areas around and inside the Amazon biome, in the Northeast and in the Atlantic Forest biome. In those peripheral regions, there was a correlation between forest loss per municipality and sugar cane expansion. However, no figures on the share of expansion onto forest is given in the paper. As a result no adequate quantification of deforestation by sugar cane could be derived from the literature
Maize
Cereals like maize are not usually thought of as causing deforestation, because most production occurs in temperate zones where deforestation is generally modest. At the same time, maize is also a tropical crop, often grown by smallholders, and also often rotated with soybeans on large farms. The expansion in China was concentrated onto marginal land in the North-East of the country [Hansen 2017], which one supposes to be mostly steppe grasslands rather than forest. The expansion in Brazil and Argentina could be assigned the same % deforestation as soy in Brazil. [Lark et al. 2015] found that, of US maize expansion between 2008 and 2012, 3% was at the expense of forest, 8% shrubland and 2% wetlands. However, no global estimates of land conversion were found in the literature.
Other crops
There is very little data for other crops, especially on a global scale. The only data sets for the expansion of crops that cover the whole world only gives results by country [FAO 2018][USDA 2018]. A possible approach is therefore to correlate crop expansion at a national level with deforestation at a national level [Cuypers et al. 2013], [Malins 2018], but this cannot be considered as sufficient evidence to link a crop to deforestation as the crop in question might not be grown in the part of the country where the deforestation takes place. 
As a result of the critical review of the scientific literature, it can be concluded that the best-estimates for the fraction of recent expansion onto high-carbon forested land include 8% for soy and 45% for oil-palm. There was not enough data in the literature to provide robust estimates for other crops. 

GIS-based assessment of feedstock expansion into carbon-rich areas
With the view to address all biofuel relevant crops consistently, the literature review was complemented by a global GIS-based assessment of biofuel relevant feedstock expansion into carbon-rich areas, based on data from the World Resource Institute (WRI) and the Sustainability Consortium at Arkansas University (see Box 1).



Box 1: Methodology of the global GIS assessment 
To observe the deforestation associated with the expansion of all biofuel-relevant crops since 2008, the methodology applied uses a geospatial modelling approach that combines a deforestation map from Global Forest Watch (GFW) with crop and pasture maps from MapSPAM and EarthStat. This approach covers the expansion of all relevant food and feed crops since 2008 into areas with a tree canopy cover higher than 10 percent. The pixel size was approximately 100 hectares at the equator. Peatland extent was defined using the same maps as [Miettinen et al. 2016]. For Sumatra and Kalimantan, [Miettinen et al. 2016] included peat from the Wetlands International 1:700,000 peatland atlases [Wahyunto et al. 2003, Wahyunto et al. 2004].
The analysis only considered pixels where commodity crops were the dominant cause of deforestation according to the recent map developed by [Curtis et al. 2018]. This map was overlaid on those showing the production areas of the biofuel-relevant crops of interest. Total deforestation and emissions within a given 1-kilometer100-ha  pixel were allocated to different biofuel crops in proportion to the area of the crop of interest compared to the total area of agricultural land in the pixel, defined as the sum of cropland and pasture land. In this way, each biofuel crop’s relative contribution to the pixel’s total agricultural footprint served as the basis for allocating the deforestation inside the same pixel. For more information on the methodology followed see Annex 2. 

Table 2 below summarizes the results of the GIS-based assessment, indicating a large difference between biofuel-relevant feedstocks with regard to the extent in which their expansion is associated with deforestation. Between 2008-2015, data shows that the production areas of sunflower, sugar beet and rapeseed have been expanding only slowly, and only an insignificant share of the expansion has taken place in land with high-carbon stock. In cases of maize, wheat, sugar cane and soybean, the total expansion has been more pronounced, but the shares of extension into forest fall short of 5% for each feedstock. In contrast, for palm oil the analysis showed both the highest speed of overall land expansion and the highest share of expansion into forestland (70%). Palm oil is also the only crop where a large share of expansion takes place on peatland (18%).
The results of the GIS-based assessment appear to be in line with the general trends observed in the scientific literature reviewed for this report. In the case of palm oil, the estimated share of expansion into forest is at the higher end of the findings reported in scientific literature, which indicates a high share of expansion into forest, typically in the range of 40-50%. One possible explanation for the difference is the time lag between the removal of the forest and the cultivation of palm trees[footnoteRef:17].  [17:  	Compared to the data from the literature, the GIS assessment ascribes less deforestation to crops that immediately follow forest clearance, but more to crops that may also be local drivers of deforestation, but are often planted several years after forest clearance which is in line with the approach taken by the REDII sustainability criteria..] 

Under REDII all areas that were forest in January 2008 count as deforested areas if they are used for the production of biofuel feedstock, independently of the date the actual cultivation of the feedstock starts. This provision was taken into account in the GIS-based assessment, while most regional studies consider a shorter time delay between deforestation and planting of palm trees. On the other hand, the share of expansion into peatland derived from the analysis is broadly in line with the estimates found in the scientific literature. Therefore, the more conservative estimates of 45% as the world-average share of palm oil expansion into forestland and of 23% share of expansion of production area on peatland can be considered best available scientific evidence.
The GIS-based estimated land conversion figure of 4% for soy is lower than the combined estimates based on regional literature, which amount to 8%. This variation can be explained by the fact that the regional literature uses local data, complemented by expert judgement, on which crop directly follows deforestation in a particular pixel, which is impractical to apply at the global scale of the GIS-based assessment. For this reason, the estimate of 8% share of soy expansion on forestland derived from the regional literature can be considered reflecting the best available scientific data. 

 [image: ]
 Table 2: Observed expansion of the planted areas[footnoteRef:18] of food and feed crops (from FAO and USDA statistics), and associated to deforestation based on the GIS-assessment. [18:  	The gross increase in planted area is the sum of expansion in all countires where the area did not shrink. For annual crops the cropped areas are approximated to harvest area; for multiannual crops allowance was made for the area of immature crops.] 
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ILUC risks associated to food and feed-based biofuels 
The findings of GIS-based research presented above are in line with the results of ILUC modelling, which has consistently identified oil crops used for biofuel production such as palm oil, rapeseed, soy and sunflower to be associated to a higher risk of ILUC, compared to other conventional fuels feedstock such as sugar or starch-rich crops. This trend has been further confirmed by a recent review of global ILUC science[footnoteRef:19]. [19:  	Woltjer, et al 2017: Analysis of the latest available scientific research and evidence on ILUC greenhouse gas emissions associated with production of biofuels and bioliquids] 

Furthermore, Annex VIII of REDII includes a list of provisional estimated ILUC emissions factors, where oil crops have approximately four times higher ILUC factor than other types of crops. Consequently, Article 26 (1) of RED II allows Member States to set a lower limit for the share of biofuels, bioliquids and biomass fuels produced from food and feed crops, with a specific reference to oil crops. Still, given the uncertainty about ILUC modelling, it is at this stage more appropriate to abstain from distinguishing between different categories of crops such starch-rich crops, sugar crops and oil crops when setting the criteria for determining the ILUC-risk fuels produced from food or feed crops for which a significant expansion of the production area into land with high carbon stock is observed.
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According to the mandate of REDII, the Commission is required to determine what constitutes a ‘significant’ expansion of a relevant feedstock into high carbon stock land with the aim to ensure that all biofuels that count towards the 2030 renewable energy target achieve net GHG emission savings (in comparison with fossil fuels). For this purpose, three factors play a crucial role in determining the ‘significance’ of the land expansion: the absolute and relevant magnitude of the land expansion since a specific year, compared to the total production area of the relevant crop; the share of this expansion into land with high carbon stock; and, the type of relevant crops and of the areas with high-carbon stock.
The first factor verifies whether a given feedstock is actually expanding into new areas. For this purpose, it is necessary to consider both the average annual absolute increase in the production area (i.e. 100,000 ha reflecting a sizable expansion), and the relative increase (i.e. 1% to reflect an average annual productivity increase), compared to the total production area of that feedstock. This double threshold allows to exclude feedstock for which no, or only very limited, expansion of the total production area is observed (mainly because production increases are generated by improving yields rather than area expansion). Such feedstock would not cause significant deforestation and, therefore, high GHG emissions from ILUC. This is the case, for instance, of sunflower oil, since in the period 2008-2016 its production area expanded by less than 100,000 ha and by 0.5% per year, while its total production increased by 3.4% anually over the same period. 
For crops exceeding these land expansion thresholds, the second decisive element is the share of the production expansion into land with high-carbon stock. Such a share determines whether, and to which degree, biofuels can achieve GHG emission savings. In a situation where the GHG emissions from the expansion of this feedstock into land with high-carbon stock are higher than the direct GHG emission savings of biofuels from a certain type of feedstock, the production of such biofuels will not lead to GHG emissions savings compared to fossil fuels. 
Under REDII, biofuels are required to reduce GHG emissions by at least 50% compared to fossil fuels[footnoteRef:20], based on a life cycle analysis that covers all direct emissions, but not indirect emissions. As discussed in Box 2, biofuels produced from crops exceeding a general threshold of 14% of production expansion into high-carbon stock land would not achieve emission savings. Following the precautionary principle, it appears appropriate to apply a discount factor of about 30% to the identified level. Therefore a more conservative threshold of 10% is required to guarantee both that biofuels achieve net sizable GHG emission savings and that biodiversity loss associated to ILUC is minimized.  [20:  	Stricter greenhouse gas emission savings criteria apply for biofuels produced in installations that started operation after 5 October 2015 and also biofuels produced in old installations often achieve higher savings.] 

Third, in determining what constitutes ‘significant’ expansion, it is important to take into account the considerable differences in the type of high-carbon stock areas and in the type of feedstock considered. 
For instance, peatlands need to be drained to establish and maintain a palm oil plantation. The decomposition of peat leads to significant CO2 emissions, the release of which continues as long as the plantation is in production and the peatland is not re-wetted. Over the first 20 years after drainage, these CO2 emissions cumulate to about three times the emissions assumed above for the deforestation of the same area. Accordingly, this important impact should be considered when calculating the significance of emissions from high-carbon stock land, e.g. through a multiplier of 2.6 for expansion into peatland[footnoteRef:21]. Furthermore, permanent crops (palm and sugar cane), as well as maize and sugar beet have significantly higher yield, in terms of energy-content-of-traded-products[footnoteRef:22], than assumed above for calculation of the 14% threshold[footnoteRef:23]. These are considered via the the "productivity factor" in Box 3. [21:  	The C loss from peat drainage over 20 years is estimated to be about 2.6 times the estimated net carbon loss from converting forest to oil-palm on mineral soil (107 tonnes per hectare).]  [22:  	In analogy to the approach applied by RED II for cultivation emissions, emissions from land use change have been allocated to all traded products from the crop (for example vegetable oil and oilseed-meal, but not crop residues) in proportion to their energy content]  [23:  	Considering the average yields for 2008-15 in the top ten exporting countries (weighted by exports), the yields of this set of crops are higher than the “reference” 55 GJ/ha/y by a factor 1.7 for maize, 2.5 for palm oil, 3.2 for sugar beet, and factor 2.2 for sugar cane. ] 

In conclusion, Box 3 provides the choosen formula to calculate wheather a biofuel relevant feedstock is above or below the identified 10% threshold of significant expansion. This formula takes into account the share of the feedstock expansion into high carbon stock areas as defined under REDII, and the productivity factor of different feedstock. 



Box 2: The impact of indirect land use change on biofuel GHG emission savings
If land with high stocks of carbon in its soil or vegetation is converted for the cultivation of raw materials for biofuels, some of the stored carbon will generally be released into the atmosphere, leading to the formation of carbon dioxide (CO2). The resulting negative greenhouse gas impact can offset the positive greenhouse gas impact of the biofuels or bioliquids, in some cases by a wide margin. 
The full carbon effects of such conversion should therefore be taken into consideration for the purpose of indentifying the level of significant feedstock expansion into land with high carbon stock resulting from biofuel demand. This is necessary to ensure that biofuels lead to greenhouse gas emission saving. Using the results of the GIS assessment, the average net loss of carbon stock when biofuel feedstock replaces land with high carbon stock[footnoteRef:24] can be estimated in about 107 tonnes of carbon (C) per hectare[footnoteRef:25]. Spread over 20 years[footnoteRef:26],, that amount is equivalent to a yearly emission of 19.6 tons of CO2 per hectare.  [24:  	Wetlands (including peatlands), continuously forested areas and forested areas with 10-30% canopy cover. The land is categorised based on its status in 2008. Areas with 10-30% canopy cover are not protected if biofuels produced from feedstock cultivated on the land after its conversion can still comply with the greenhouse gas emission savings criteria, which can expected to be the case for perennial crops.]  [25:  	The emissions from rainforest, which is usually selectively logged by the time it is converted to oil-palm, is considerably higher on average, but this is partly compensated by the higher standing carbon stock of the plantation itself. The net changes also take into account carbon stored in below-ground biomass and the soil.]  [26:  	20 years is already established as the amortization time for calculating emissions from declared direct land use changes in RED.] 

It should be noted that the GHG emissions savings also depend on the energy content of the feedstock produced on the land each year. For annual crops, except maize and sugar beet, the energy-yield can be estimated at about 55 GJ/ha/y[footnoteRef:27]. By combining both figures one can estimate the land use change emissions associated to biofuels production on deforested land at around 360 gCO2/MJ. By comparison, the emissions savings resulting from replacing fossil fuel with biofuels produced from these crops can be quantified in about 52 gCO2/MJ[footnoteRef:28].  [27:  	The energy yield comprises the energy (LHV) in both the biofuel and the by-products considered in calculating default values for energy savings in annex V of the Directive. The yield considered is the average for 2008-15 in the top ten exporting countries (weighted by exports).]  [28:  	Biofuels typically save more than the required minimum emissions savings of 50%. For the purpose of this calculationan average of 55% savings is assumed.] 

Given these assumptions, it can be estimated that the land use change emissions will negate the direct GHG savings resulting from fossil fuel replacement when biofuel crop expansion into land with high-carbon stock reaches a share of 14%  (52 gCO2/MJ / 360 gCO2/MJ=0.14).


Box 3: Formula for calculating the share of expansion into land with high-carbon stock

where
 share of expansion into land with high-carbon stock;
 share of expansion into land referred to in Article 29(4)(b) and (c) of RED II[footnoteRef:29]; [29:  	Continuously forested areas.] 

 share of expansion into land referred to in Article 29(4)(a) of RED II[footnoteRef:30]; [30:  	Wetlands, including peatland.] 

 = productivity factor. 
PF shall be 1.7 for maize, 2.5 for palm oil, 3,2 for sugar beet, 2.2 for sugar cane  and 1 for all other crops.[footnoteRef:31]. [31:  	The values of PF are crop specific and were calculated based on the yields achieved in the top ten exporting countries (weighted by their export share). Palm oil, sugar cane, sugar beet and maize have a considerably higher value than the other crops considered, and are therefore granted dedicated “productivity factors” of 2.5, 2.2 3.2 and 1.7 respectively, whereas the other crops can be roughly assumed to have a standard productivity factor of 1.] 
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Certifying low ILUC-risk biofuels, bioliquids and biomass fuels 
Under certain circumstances, the ILUC impacts of biofuels, bioliquids and biomass fuels generally considered as high ILUC-risk can be avoided and the cultivation of the related feedstock can even prove to be beneficial for the relevant production areas. As described in the section 2, the root cause of ILUC is the additional demand for feedstock resulting from increased consumption of conventional biofuels. This displacement effect can be avoided by certified low-ILUC risk biofuels. 
Preventing land displacement through additionality measures
Low ILUC-risk biofuels are fuels produced from additional feedstock that has been grown on unused land or that is the result of a productivity increase. Producing biofuels from such additional feedstock will not cause ILUC because that feedstock is not in competition with food and feed production and displacement effects are avoided. As required by the Directive, such additional feedstock should qualify as low-ILUC risk fuel only if it is produced in a sustainable manner. 
To fulfil the objective of low ILUC–risk concept, strict criteria are needed that effectively encourage best practice and avoid windfall gains. At the same time, measures need to be implementable in practice and avoid excessive administrative burden. The revised Directive identifies two sources for additional feedstock that can be used for production of low ILUC risk-fuels. These are feedstock resulting from applying measures increasing agriculture productivity on the already used land and feedstock resulting from cultivating crops on areas which were previously not used for cultivation of crops.
Ensuring additionality beyond business as usual
Average increases in productivity are still not sufficient to avoid all risks of displacement effects, though, because agricultural productivity is constantly improving while the concept of additionality, which is at the heart of the low ILUC certification, requires taking measures going beyond business as usual. Against this background, REDII stipulates that only productivity increases that go beyond the expected level of increase should be eligible.
For this purpose, it is necessary to both analyse whether the measure is going beyond common practice at the time it is implemented as well as to limit the eligibility of measures to a reasonable period that allows economic operators to recuperate investments costs and ensures the continued effectiveness of the framework. A time limit for the eligibility of 10 years is appropriate for this purpose[footnoteRef:32]. Furthermore, realised productivity increases should be compared with a dynamic baseline taking into account global trends in crop yields. This refects that some yield improvements are achieved  over time due to technological development anyway (e.g. more productive seeds) without the active intervention of the farmer.  [32:  	Ecofys (2016) Methodologies identification and certification of low ILUC risk biofuels. ] 

However, in order to be implementable and verifiable in practice the approach applied to determine the dynamic baseline must be robust and simple. For this reason, the dynamic baseline should be based on the combination between the average yields achieved by the farmer over the 3-year period preceding the year of the application of the additionality measure and the long-time trend in yields observed for the feedstock concerned.
Eligibility of additional feedstock resulting from measures increasing productivity or cultivating feedstock on unused land should be limited to cases which are really additional compared to business as usual. The most accepted framework to assess the ‘additionality’ of projects is the Clean Development Mechanism (CDM) developed under the Kyoto protocol (see Box 4). It should be noted that the CDM focuses on industrial projects, therefore its approach cannot be replicated in its entirety, but its requirements regarding investment and barrier analsysis are relevant for certifying low ILUC-risk biofuels. The application of such requirements to the low ILUC certification would mean that measures for increasing productivity or for cultivating feedstock on previously unused land would not be financially attractive or would face other barriers preventing their implementation (e.g. skills/technology etc.) without the market premium associated to the EU biofuel demand[footnoteRef:33]. [33:  	Under REDII, biofuels produced from high ILUC-risk feedstock will be gradually phased out by 2030 unless certified as low-ILUC risk. Low-ILUC risk biofuel, bioliquids or biomass fuel will therefore likely be able to obtain a higher market value.] 


Box 4: Additionality under the the Clean Development Mechanism 
The CDM allows emission-reduction projects in developing countries to earn certified emission reduction (CER) credits, each equivalent to one tonne of CO2. These CERs can be traded and sold, and used by industrialized countries to a meet a part of their emission reduction targets under the Kyoto Protocol.
Under the CDM a comprehensive set of methodologies was developed including rules to ensure additionality of a project[footnoteRef:34] . The additionality check includes four steps.  [34:  	https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-01-v5.2.pdf/history_view.] 

Step 1 Identification of alternatives to the project activity;
Step 2 Investment analysis;
Step 3 Barriers analysis; 
Step 4 Common practice analysis.
For the purposes of certifying low ILUC-risk biofuels verifying compliance with Step 2 and 3 are sufficient given that the scope of measures that are eligible for production of feedstock for low ILUC-risk biofuels is clearly described in RED II and that the repetition of the same kind of productivity increasing measures is intended by the legislation.


Guaranteeing robust compliance verification and auditing 
Demonstrating compliance with this criterion requires an in-depth assessment that might not be warranted under certain circumstances and could represent a barrier for the successful implementation of the approach. Smallholders[footnoteRef:35], particularly in developing countries, for instance, will often lack the administrative capacity and knowledge to conduct such assessments while evidently facing barriers that hinder the implementation of productivity-increasing measures. Similarly, additionality can be assumed for projects using abandoned or severely degraded land as this situation of the land already reflects the existence of barriers that are preventing its cultivation.  [35:  	An estimated 84% of the world’s farms are managed by small holders cultivating less than 2 ha of land.  Lowder, S.K., Skoet, J., Raney, T., 2016. The number, size, and distribution of farms, smallholder farms, and family farms worldwide. World Dev. 87, 16–29.] 

It can be expected that voluntary schemes, which have gathered an extensive experience in the implementation of the sustainability criteria for biofuels across the globe, will play a key role in the implementation of the low ILUC certification methodology. The Commission has already recognised 13 voluntary schemes for demonstrating compliance with the sustainability and GHG emission savings criteria. Its empowerment to recognise the schemes has been extended under REDII to cover also low ILUC-risk fuels. 
To ensure robust and harmonised implementation, the Commission will set out further technical rules regarding concrete verification and auditing approaches in an Implementing Act in line with Article 30(8) of the REDII. The Commission will adopt this implementing act by 30 June 2021 at the latest. Voluntary schemes can certify low-ILUC risk fuels, developing their own standards individually, as they do for the purpose of certifying compliance with the sustainability criteria and the Commission can recognise such schemes in line with the provisions set out in REDII.
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V.	Conclusions
Growing global demand for food and feed crops is requiring the agricultural sector to constantly increase production. This is achieved by both increasing yields and by an expansion of the agricultural area. If the latter takes place into land with high-carbon stock or highly biodiverse habitats, this process can result in negative ILUC impacts.
Against this background, REDII limits the contribution of conventional biofuels, bioliquids and biomass fuels consumed in transport towards the Union 2030 renewable energy target. In addition, the contribution of high ILUC-risk biofuels, bioliquids and biomass fuels will be limited at 2019 levels starting from 2020, and then gradually reduced to zero between 2023 and 2030 at the latest.
According to the best available scientific evidence on agriculture expansion since 2008, presented in this report, palm oil is currently the only feedstock where the expansion of production area into land with high carbon stock is so pronounced that the resulting GHG emissions from land use change eliminate all GHG emission savings of fuels produced from this feedstock in comparison to the use of fossil fuels. Palm oil, hence, qualifies as high ILUC-risk feedstock for which a significant expansion into land with high-carbon stock is observed.
It is important to note, however, that not all palm oil feedstock used for bioenergy production has detrimental ILUC impacts in the meaning set out in Article 26 of REDII. Some production could, therefore, be considered as low ILUC risk. In order to identify such production, two types of measures are available, i.e. increasing productivity on existing land and cultivation of feedstock on unused land, such as abandoned land, or severely degraded land. These measures are key to prevent that biofuel, bioliquids and biomass fuels production enters into competition with the need of meeting the increasing food and feed demand. The Directive excludes all certified low-ILUC risk fuels from the gradual phase-out. Criteria for certifying low ILUC-risk fuels could effectively mitigate displacement effects associated to the demand of these fuels if only the additional feedstock used for the production of biofuels, bioliquids and biomass fuels is taken into account.
The Commission will continue to assess the developments in the agricultural sector, including the status of expansion of agricultural areas, based on new scientific evidence, and gather experience in the certification of low ILUC-risk fuels when preparing the review of this report, that will be carried out by 30 June 2021. Thereafter, the Commission will review the data included in the report in light of evolving circumstances and latest available scientific evidence. It is important to recall that this report only reflects the current situation based on recent trends and future assessments may come to different conclusions on which feedstocks are classified as high ILUC-risk depending on the future development of the global agricultural sector.
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Cereals

Wheat                680.954    1,2%                222.360    -263 -0,1%

Maize                829.240    3,6%                163.143    4028 2,3%

Barely                153.808    -0,7%                  55.105    -931 -1,8%

Rye                  18.083    -3,7%                     6.745    -283 -5,0%

Sugar crops

Sugar cane            1.721.252    1,0%                  24.139    300 1,2%

Sugar beet                221.199    2,8%                     4.262    39 0,9%

Oil crops

Rapeseed                  56.873    2,3%                  30.093    302 1,0%

Palm oil                  41.447    5,1%                  15.369    703 4,0%

Soybean                231.148    4,8%                  96.380    3184 3,0%

Sunflower                  36.296    3,4%                  25.324    127 0,5%
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