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ABSTRACT  
Who benefits really from phasing out palm oil-

based biodiesel in the EU? 

Ruth Delzeit, Tobias Heimann, Franziska Schünemann, and Mareike Söder  

The latest Renewable Energy Directive (RED II) by the European Union (EU) provides an updated 

framework for the use of renewable energy in the EU transport sector until 2030. We employ the 

computable general equilibrium (CGE) model DART-BIO for a scenario-based policy analysis and 

evaluate different possible futures of biofuel use under four specifications of the RED II. Our results 

show that conventional biofuels will not become cost competitive to oil-based fuels. Moreover, we 

demonstrate the impact of the RED II specifications on the global production of food and feed crops. A 

further focus of this paper lies on the palm oil phase-out as feedstock for biofuels in the EU, to halt 

deforestation and land-use change in tropical countries. We find that this phase-out has a relatively 

small impact on global palm fruit production. Moreover, this study shows that the regulation has the 

potential to act as a technical barrier to trade, discriminating palm oil producing countries in favour of 

European rapeseed producers. 
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WHO BENEFITS REALLY FROM PHASING OUT 

PALM OIL-BASED BIODIESEL IN THE EU? 

Ruth Delzeit, Tobias Heimann, Franziska Schünemann, and Mareike Söder  

1 Introduction    

Global biofuel production has experienced strong growth over the last decade (IEA, 2013; IEA, 2017), 

which was largely driven by climate mitigation policies especially in the European Union (EU). After 

promoting the use of biofuels with high mandates defined by the Renewable Energy Directive that came 

into force in 2009 (RED I), the EU has recast the directive for the period 2020-2030 (RED II) to correct 

for apparent trade-offs with respect to food security and biodiversity because of direct and indirect 

land-use change. The new legislation limits the amount of biofuels and bioliquids produced from cereal 

and other starch-rich crops, sugars, and oilseeds counting towards the mandate and promotes the use 

of non-food crops for biofuel production. Moreover, the directive categorizes palm-oil based biodiesel 

as biofuels with a high risk of causing indirect land-use change (ILUC) and thus bans them from the EU 

biofuel market from 2022 onwards. While biofuels have likely contributed to the surge in food prices in 

2007, the role of biofuel production for ILUC and deforestation remains controversial (Arima et al., 2011; 

Broch et al., 2013; Klein Goldewijk et al., 2017; Zilberman 2017).  

Concerns about potential negative effects of biofuel policies were already raised by Rosegrant (2008) 

who estimated an increase in global demand for crop land. Since then various studies employed 

computable general equilibrium (CGE) and partial equilibrium (PE) models to estimate the global 

economic effects of biofuel mandates in general (e.g Hertel, 2011; Laborde, 2011; Zhang, 2013; Valin, 

2015) and the RED I in particular (e.g. Laborde & Valin, 2012; Calzadilla et al., 2016). Even though results 

of these studies were inconclusive, in 2015 the EU introduced a cap on food and feed crop-based 

biofuels of 7% to mitigate negative effects from land use change such as increased greenhouse gas 

emissions and loss of biodiversity (European Union, 2015).  

More recently, with the RED II the European Commission further addresses the concern of 

potentially negative effects and aims at creating a renewable fuel mix in the transport sector, based on 

biofuels but also renewable energy produced for electric or hydrogen vehicles (European Union, 2018). 

Therefore, two major future scenarios are plausible. On the one hand, the integration of electric and 

hydrogen vehicles into the transportation portfolio may follow a rather slow development, forcing the 

EU countries to exploit their maximum biofuel limits to meet the 14% renewable energy target. On the 

other hand, technological leaps and large investments into infrastructure could accelerate the 

distribution of electric and hydrogen vehicles, crowding out relative expensive biofuels. Our paper is the 

first to analyze the impacts of the respective biofuel demand on agricultural markets for both possible 

future scenarios.     

In addition, we are the first to assess the implications from the high ILUC-risk classification explicitly 

modelling palm oil. The high ILUC regulation effectively results in a ban on palm oil biodiesel within the 

EU. A crop is treated as high ILUC-risk if the annual expansion rate since 2008 was higher than 1%, and 

more than 10% of its annual expansion took place on land with high carbon stocks (hcs), such as forests 

and wetlands, which is defined under Article 29.4 of Directive (EU) 2018/2001 (European Union, 2019). 

The only crop being affected by this rule is palm fruit. While European farmers, biofuel producers and 

environmental associations welcome the policy (Copa/Cogeca, 2018; EJF, 2019; NABU, 2019), palm 
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fruit-producing countries criticize the regulation as discrimination to protect European oilseed 

producers (MITI, 2019; WTO, 2019; CPOPC, 2020). Especially Malaysia and Indonesia that supply about 

85% of global palm oil production (FAO, 2020) are strongly opposing the high ILUC-risk regulation, which 

is currently subject to World Trade Organisation (WTO) disputes (WTO, 2019).  

The regulation also appears controversial because other crops are not considered as high ILUC-risky, 

even though Brazilian soybean exports to Europe heavily contributed to deforestation (Rajão et al., 

2020). The share of expansion into land with high-carbon stock (Xhcs) is calculated by using the sum of 

percentage shares of total average annual expansion into different carbon rich areas since 2008, by 

weighting the expansion into wetland areas with the factor 2.6. The weighted sum is then divided by a 

productivity factor, indicating the energy yield per hectare (Annex to European Union, 2018). The 

resulting share of expansion into land with high-carbon stock is much higher for palm fruit (42%) than 

for soybean (8%). However, the absolute annual expansion of production areas since 2008 is 4.5 times 

higher for soybean compared to palm fruit (ibid.). As a consequence, when multiplying the absolute 

annual expansion area with Xhcs, the resulting absolute expansion into land with high-carbon stock of 

palm fruit and soybean are quite close in size. It needs to be noted that the assumed energy yield per 

hectar is 2.5 times higher for palm fruit cultivation compared to soybean production (ibid.). 

The aim of our study is thus twofold. First, we quantify the impacts of the RED II on global land use 

and agricultural production in general, and secondly, we analyze if the current high ILUC-risk 

classification only acts as a technical barrier to trade (TBT) or also as an effective measure for the 

urgently required protection of valuable forest and wetlands. Therefore, we analyze changes in crop 

prices, production, trade, and land use under different specifications of the RED II compared to a 

reference scenario with no biofuel policies. In section two the RED II policy and related literature are 

discussed. Section three provides a detailed description of the characteristics of the DART-BIO model as 

well as an elaboration of the scenario assumptions. In section four the results are presented, providing 

an overview of the impacts of the biofuel policies on agricultural markets. Section five concludes and 

discusses the results. 

2 Background on the renewable energy directive RED II: policy and 
literature review    

2.1 From RED I to RED II 

The RED I was launched in 2009 and mandates that at least 20% of all energy usage in the EU must 

be met from renewable sources by 2020. The directive also includes a specific quota for the transport 

sector, in which at least 10% of each Member State’s transport energy needs should originate from 

renewables (European Union, 2009). To ensure net savings in greenhouse gas emissions compared to 

fossil resources, additional requirements were introduced for biofuels counted towards the 10%-quota 

to meet strong sustainability criteria with respect to feedstock production (ibid.). Further, certain 

biofuels such as those produced from used cooking oil and animal fat were double-counted towards the 

quota (ibid.).  

Now, the RED II sets an ambitious EU target for 2030 of at least 32% of renewable energy in total 

energy consumption, with a sub-target of 14% renewable energy in the transport that can be met by 

biofuels, electricity, or hydrogen (European Union, 2018). The policy design of the RED II emphasizes 

that even in an era of expected fast progress in developing alternatives to fossil fuel-fed combustion 

engines, the EU still attributes a major role to biofuels in the transport sector in the next decade. In 

order to reduce emissions from biofuel production, the directive includes different regulations for 

biofuels depending on the feedstock and the risk to cause ILUC. Biofuels produced from food or feed 

crops are limited to up to one percentage point higher than their share in final energy consumption in 
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road and rail transport in 2019 with a total maximum of 7% by 2030 (European Union, 2018). 

Furthermore, the RED II aims for a transition towards advanced biofuels that are produced from 

feedstocks such as algae and straw, by requiring minimum targets of biofuels and biogas produced from 

these feedstocks of 0.2% in 2022, 1% in 2025 and, increasing up to at least 3.5% by 2030 (ibid.). Biodiesel 

made from Used cooking oil (UCO) (so called Used Cooking Oil Methyl Ester (UCOME) is not listed as 

advanced biofuel anymore. Part B of Annex IX includes used cooking oil and animal fats which are double 

counted towards the target but with no specific minimum targets, but limited to a share of 1.7% on total 

transport fuels (European Union 2018). 

2.2 Previous analyses of the RED 

In the literature, only a few economy-wide studies specifically address the impact of the RED II or 

the restriction in palm oil-based biofuels. Philippidis et al. (2018) make use of the MAGNET model to 

run a scenario-based analysis on reform proposals of the RED II, including a reduction of palm oil-based 

biodiesel. According to their model the reduction results in lower biodiesel and higher bioethanol 

production in the EU, as well as less vegetable oil imports from Asia and more production of oilseeds in 

the EU, while global oilseed production increases. To model the palm oil-based biodiesel reduction they 

reduce all vegetable oil imports of the EU from Asia according to the import share of palm oil, by 

imposing an endogenous tariff. For identifying market feedback effects, this mechanism bears three 

shortcomings. First, as also acknowledged by the authors, palm oil imports may be reduced too much 

since only about half of them are used in the biofuel industry. Second, since they model one aggregated 

oilseed sector and do not reduce palm oil imports only, it is likely that the EU continues to import the 

same import share of palm oil from Asia as before. Third, it remains unclear how it is assured that 

biodiesel imports into the EU are not based on palm oil. In addition, given the aggregated oilseed 

sectors, the authors are unable to track feedback effects on palm fruit production as well as substitution 

effects in other bio-industrial sectors. Thus, the question remains whether a ban on biodiesel based on 

palm oil leads to lower palm oil demand, providing less incentive to convert land into palm fruit 

plantations, or whether palm oil consumption is just shifted to other uses. In this study, we employ the 

unique characteristics of the DART-BIO model to analyse such market-based feedback effects and 

evaluate the effectiveness of the palm oil phase-out policy. Further, by implementing an explicit palm 

oil-based biodiesel sector we are able to avoid the three shortcomings mentioned above. In another 

study, Philippidis et al. (2019) use the RED II with a 7% quota on biofuels as a policy baseline in a model-

based analysis. They compare this baseline to a high technology and a no-quota scenario to measure 

impacts on the EU’s macroeconomic performance. One of their main conclusions is that the EU biofuel 

industry cannot survive without the political mandates. 

3 Method and Data 

3.1 The DART-BIO model and data sources 

As examined in the literature review, computable general equilibrium (CGE) models have often been 

used to study the impacts of biofuels policies. This is because they are powerful tools when it comes to 

tracing policy effects on product and factor markets, as they encompass the complete circular flow of 

income in an economy through production and consumption linkages. In addition, global CGE models 

capture trade flows in the world economy and can thus depict feedback effects of highly integrated 

agricultural markets on land use in various regions. For our analysis of the RED II, we employ an updated 

version of the Dynamic Applied Regional Trade (DART-BIO) model, a multi-sectoral, multi-regional 

recursive dynamic CGE model of the world economy with a detailed representation of the biofuel 
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industry and global land use (Springer, 1998; Klepper & Peterson, 2006; Calzadilla et al., 2016, Delzeit 

et al., 2018a). Table A2 in the appendix shows our regional aggregation featuring 21 regions with a focus 

on big global biofuel producers such as the US, Brazil, and the EU. Similarly, our sectoral disaggregation 

with 48 sectors, as shown in Table A3, considers the different stages of biofuel production in detail with 

the major biofuel feedstock crops, biofuels, and by-products.  

The DART-BIO model is based on the GTAP9 database (Aguiar et al., 2016). Following Calzadilla et al. 

(2016), the model includes bioethanol production from sugar cane/beet, wheat, maize, and other 

grains; and biodiesel production from palm oil, soybean oil, rapeseed oil, and other oilseed oils. DART-

BIO explicitly accounts for the by-products generated during the production process of different 

vegetable oils and biofuels. Dried distillers grains with solubles (DDGS) are by-products of the production 

of bioethanol from grains and oilseed meals/cakes are by-products of different vegetable oil industries. 

Thus, unlike the standard GTAP database, we differentiate between production activities and 

commodities, which allows us to model joint production in the bioethanol and vegetable oil industry. 

Calzadilla et al. (2016) and Delzeit et al. (2018b) find that differentiating different vegetable oils and 

their different shares of co-produced meals result in smaller price changes compared to models without 

these differentiations.  

In this updated version, in addition to the biofuels in Calzadilla et al. (2016), biodiesel production 

from used cooking oil (UCOME), and cellulosic bioethanol production from straw (ETHC) is added. As 

the first CGE model, DART-BIO can make use of an explicit UCO sector for biofuel production when 

analysing biofuel policies.  These two technologies have been identified to be the most important 

advanced and waste-based biofuel technologies in a stakeholder process (Delzeit et al., 2021a). 

Moreover, we include a dedicated palm oil-based biodiesel sector to be able to implement the palm oil 

biodiesel phase-out unambiguously. The new sectors are split from aggregated sectors in the original 

GTAP9 database using splitting weights calculated from data sources such as COMTRADE, FAOSTAT, and 

F.O. Licht. Details on the construction of the DART-BIO database as well as assumptions regarding 

production technologies are available in Delzeit et al. (2021b).  

The economy in each region is modelled as a competitive economy with flexible prices and market 

clearing conditions. The economic structure of DART-BIO is fully specified for each region and covers 

production, investment, and final consumption by a representative consumer and the government. 

Private consumption is maximized according to a Stone-Geary utility function (Stone 1954), while multi-

nested constant elasticity of substitution (CES) functions determine substitution between production 

factors and energy in the production sectors. Other intermediate inputs enter the production of 

commodities subject to fixed input-output relations. Apart from capital and labour, land is disaggregated 

into 18 different land types according to the length of the growing period and climatic zone. Thus, we 

include not only land-use heterogeneity in agriculture and forestry, but these agro-ecological zones 

(AEZ) also cover land heterogeneity in each region (Lee et al., 2005; Baldos, 2017). Within each region, 

capital and labour are mobile but constant elasticity of transformation (CET) functions govern land 

mobility between and within agriculture and forestry.  

Trade between regions happens under the Armington assumption of imperfect substitution between 

imported and domestically produced commodities. The numeraire region is the United States. Global 

trade is balanced with a flexible current account; all other regions’ current account balances are fixed. 

Investment in each region is determined by fixed private marginal propensities to save, but fast-growing 

regions’ saving rates converge to those of industrial countries. The model is recursive-dynamic and is 

solved for a sequence of static annual equilibria for periods from 2011 until 2030. Over this period, we 

calibrate the model to match regional GDP growth projections of the OECD (2018a) via adjustments of 

labour productivity and update key parameters between the model runs. The capital stock available for 

the next period is updated with the current period’s investments and depreciation, while labour supply 

changes according to regional workforce and population growth projections OECD (2018b).  
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3.2 Definition of scenarios  

To capture the potential impact of the RED2 on agricultural and energy markets, we define different 

scenarios until 2030 that consider the possible developments in the renewable energy market. Table 1 

gives an overview of these scenarios that are described in detail below. Within the scenarios, the 

different mandates are implemented via a binding quota on Armington consumption. Practically, this 

quota is implemented as a negative endogenous tax on consumption. 

Table 1: Scenarios  

Name Biofuel policies 

 Feed-and food-based biofuels Palm oil-based biodiesel UCOME 

REF 
No biofuel policies from 2019 

onwards 

No restriction No restriction 

RED2max 
Maximum of 7% of total 

consumption in transport sector 

Consumption share in total 

transport sector reduced to 0% 

between 2022 and 2030 

Maximum of 1.7% of total 

consumption in transport sector 

RED2corr 

Maximum of 7% of total 

consumption in transport sector and 

minimum of 2018 biofuel 

consumption shares 

Consumption share in total 

transport sector reduced to 0% 

between 2022 and 2030 

Maximum of 1.7% of total 

consumption in transport sector 

RED2eq 
7% of total consumption in transport 

sector are reached until 2030  

Consumption share in total 

transport sector reduced to 0% 

between 2022 and 2030 

Maximum of 1.7% of total 

consumption in transport sector 

RED2eqPL 
7% of total consumption in transport 

sector are reached until 2030 

No restriction Maximum of 1.7% of total 

consumption in transport sector 

Reference scenario (REF) 

The reference scenario reflects trends in the global economy based on the economic and population 

growth projections mentioned above from 2011 until 2030 (OECD 2019). In addition, the reference 

scenario is calibrated to mirror empirical biofuel consumption and input shares of different vegetable 

oils in biodiesel until 2018 according to Eurostat (2020) for the EU and the USDA Global Agricultural 

Information Network (GAIN) reports (GAIN 2010, 2012, 2017a-j, 2018a-b) for most of the other regions. 

After 2018, there are no biofuel policies in place. Essentially until 2018, all scenarios are the same as the 

reference scenario and differ only in the implementation of the RED II in the EU from 2019 onwards. 

RED2 max scenario (RED2max) 

The RED2 max scenario is a literal implementation of the new EU legislation with respect to biofuels. 

The RED II mandates that not more than 7% of the road transport fuel is allowed to come from food- or 

feed-based biofuel sources. In addition, the consumption share of biodiesel from UCO is limited to 1.7% 

of total transport fuel consumption. Finally, since the RED II stipulates that the share of biodiesel from 

palm oil is classified as “high-iluc risk” its share in road transport is gradually reduced to 0 from 2023 

until 2030. This means that the RED II does not define a minimum target for conventional and advanced 

biofuels, but only maximum shares. Therefore, these mandates are implemented as maximum allowable 

consumption shares that constrain each region’s biofuel consumption, differentiated for the respective 

biofuel type. The absolute allowable numbers, of course, differ depending on each region’s transport 

sector size. This scenario thus allows producers complete flexibility in terms of minimum production of 

conventional biofuels and could lead to a contraction of the food- and feed-based biofuel industry.  As 

a consequence, 14% of renewable energy in transport would need to be met by electricity or hydrogen. 
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RED2 corridor scenario (RED2corr)  

Given that the production capacities of conventional biofuels and UCO-based biodiesel in the EU 

already exist and were economically feasible under the RED I, EU biofuel producers likely continue to 

use their production facilities after 2019, even if the RED II sets no minimum targets. Therefore, we 

define a RED2 corridor scenario that preserves existing production capacities for fuels from food and 

feed crops as well as UCO and thus sets a minimum target. Here we assume that consumption shares 

of biofuels in total transport fuels are at least as high as their 2018 levels (see the first column of Table 

A4) from 2019 to 2030. The maximum shares of 7% for feed- and food crop-based biofuels, 1.7% for 

UCO biodiesel, and the gradual reduction of palm oil biodiesel according to the RED II remain in place in 

this scenario. Hence, biofuel consumption shares can develop within a corridor pathway with an upper 

bound (7% of biofuels based on food or feed crops, 1.7% of UCOME on total transport fuels, gradual 

reduction of palm oil biodiesel to 0) and a lower bound (2018 consumption shares for conventional and 

UCO-based biofuels). 

RED2 equal7 scenario (RED2eq) 

To investigate the possibility that the 14% share of renewables in total transport fuel consumption 

until 2030 cannot be met without a sufficiently large amount of biofuels, in the RED2 equal7 scenario 

(RED2eq) we assume that member states meet the 14% renewable energy in transport target with the 

maximum allowable share of biofuels according to the RED II. This means that the share of feed- and 

food-based biofuels are gradually increased to 7% (having the restriction on palm oil-based biodiesel in 

place) and the share of UCO-based biodiesel to 1.7% until 2030.  

RED 2 equal7 no restriction scenario (RED2eqPL) 

Finally, the restriction on palm oil has been widely criticized by the major palm oil producers 

Indonesia and Malaysia as a technical barrier to trade to protect the European biodiesel industry. The 

EU has claimed the ban on palm oil biodiesel is necessary to avoid deforestation and indirect land-use 

change. The latter argument implies that the restriction of palm oil-based biodiesel in the EU should 

lead to lower palm oil production to avoid additional land-use change. To investigate whether the EU’s 

argument is true or whether the palm oil restriction is only an TBT in disguise, we run a scenario where 

we implement the same assumptions as in RED2eq7, but release the restriction on biodiesel from palm 

oil. This means that the maximum share of conventional biodiesel of 7% is still met until 2030, but that 

palm oil biodiesel can contribute to meet the share by replacing other types of biodiesel. While the 

other scenarios are compared to the reference scenario, we will compare the RED2eqPL scenario to the 

RED2eq scenario to address the impact of the palm oil restriction explicitly.  

4 Results 

The RED II is likely to have strong impacts on biofuel markets within the EU, but also affects biofuel, 

energy, and agricultural markets as well as land use change globally through bilateral trade. We start by 

analyzing the impacts of the RED II as defined in the different scenarios compared to the reference 

scenario within the EU and continue by analyzing global effects. This section concentrates on biofuel 

and agricultural commodity markets, while the results for global energy markets can be found in 

appendix part A. 
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4.1 RED II impacts on EU biofuel markets  

As defined in the scenario setting above, all scenarios are calibrated to reach the 2018 biofuel 

consumption values. After 2018 the different scenario settings become effective, which leads to strongly 

diverging developments in biofuel consumption among the scenarios as shown in Figure 1. An 

exemption are the results of the RED2max scenario, which are the same as of REF in 2030 as there is no 

minimum quota in both scenarios. Therefore, we refrain from discussing the RED2max scenario in our 

analysis. Simply implementing an upper limit of 7% with no requirements for minimum values as in the 

RED2max scenario causes an enormous contraction of the biofuel industry. Biofuel consumption in this 

scenario is identical to the REF scenario without any regulation and converges to about 10 billion USD 

from 2019 onwards. This is because without a minimum quota, biofuels are not competitive vis-à-vis 

fossil fuels. The lack of competitiveness of biofuels also affects biofuel consumption values in the 

RED2corr scenario, where consumption values from 2019 to 2030 stay close to the 2018 number of 

about 40 million USD, the lower bound of biofuel consumption in this scenario. Thus, without minimum 

quotas set by policymakers biofuel consumption in the EU would be much lower. In both the RED2eq 

and the RED2eqPL scenarios, on the other hand, biofuel consumption continues to grow until 2030 to 

reach the defined quota of 7% share in the transport sector at 65 billion USD. Note that the small kink 

in 2023 in the RED2eq scenario is caused by the onset of the palm oil ban.  

Figure 1: Annual total biofuel consumption in the EU in the different scenarios  

 

To illustrate the impact of the palm oil restriction in more detail, Figure 2 shows the input shares of 

different vegetables oils and UCO in biodiesel production under the RED2eq and RED2eqPL scenarios in 

the EU in 2030. The palm oil restriction leads to an increased input of all other vegetable oils into 

biodiesel production, while rapeseed oil is the main beneficiary of the restriction with an increased input 

share of 9 percentage points. This finding already indicates a preferential treatment of EU-domestically 

produced vegetable oil over imports, given that the EU is the largest global producer of rapeseed. The 

share of UCOME in total transport fuel consumption, does not differ between the two scenarios, since 

the restriction of 1.7% on the consumption share is binding under both scenarios. A detailed description 

of the scenario specific shares of different biofuels in total transport fuels consumption in different EU 

regions, can be found in the appendix in Table A4.  

The potential benefit of the RED II policy for EU biofuel producers also becomes apparent when 

looking at the 2030 EU biofuel prices and production in Table 2. In general, the major share of biofuels 

consumed in the EU is also produced in the EU, while soybean oil and palm oil are mainly imported and 

then processed (see next section). Meeting demand for bioethanol under the RED2corr scenario causes 

an increase in prices by 18% and in production by 131% (compared to the REF scenario in 2030 (first 
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row of Table 2). In the RED2eq where biofuels reach the 7% quota, bioethanol prices increase by 30% 

and production by 334%.  

Figure 2: Input shares in biodiesel production in the EU in 2030  

 

Similarly, compared to REF, total biodiesel production is 399% higher with the 2018 consumption 

share quota under the RED2corr scenario, while production is 663% higher under the RED2eq scenario. 

Prices of BDIE_OTH rise by 16.8 (RED2corr) and 22.9% (RED2eq), while for UCOME with the limitation 

of 1.8% on total transport fuel the price increase is smaller under both scenarios (1.1 and 1.5%). Due to 

the ban on imports of palm oil-based biodiesel under the RED2eq scenario compared to the RED2eqPL 

scenario, EU’s biodiesel production is 0.8% lower and prices 2.5% higher with the palm-oil phase-out. 

Table 2: Changes in prices and production of biofuels in the EU in 2030 compared to REF Scenario. 

  Production 
(in Bill 

USD) REF 
2030 

∆ EU prices in %   ∆ EU production in % 

  
RED2corr 
vs REF 

RED2eq vs 
REF 

RED2eqPL 
vs RED2eq*   

RED2corr 
vs REF 

RED2eq 
vs REF 

RED2eqPL 
vs RED2eq* 

Bioethanol 4.19 18.0 30.3 0.3  131 334 -0.1 

Biodiesel SUM 5.99     399 663 -0.8 

BDIE_OTH 4.41 16.8 22.9 2.5  411 733 33.7 

UCOME 1.58 1.1 1.5 0  367 470 0.3 

BDIE_PLM 0.004 0.1 0.2 -0.2  85 73 -99.9 

* Compares the RED2eq and RED2eqPL scenarios and shows the effect of the palm-oil phase-out for the EU 
biodiesel mandate.   

Imports from regions outside the EU increase under all scenarios compared to the REF scenario as 

shown in Table 3 below. In the case of BETH, imports originate mainly from Brazil and reach 0.56 billion 

USD under the RED2eq and RED2eqPL scenarios, which is more than 5 times the amount of imports in 

the REF. At the same time, ethanol imports from the USA are only 2 times higher under RED2eq and 

RED2eqPL. Thus, the palm oil phase-out has no substantial effect on production and imports of 

bioethanol, but much more so on biodiesel trade. Biodiesel from soybeans is imported from the USA 

and reaches 0.65 billion USD under the RED2eq Scenario. These trade flows are slightly reduced to 0.57 

billion when releasing the restriction on biodiesel based on palm-oil under the RED2eqPL scenario. At 

the same time, imports of BDIE_PLM from MAI show an enormous increase from 0 in RED2eq to 1.02 

bill USD in the RED2eqPL scenario. Thus, imported palm-based biodiesel mainly displaces locally 

produced biodiesel, which indicates that predominantly domestic producers of biodiesel within the EU 

benefit from the palm oil phase-out. Whether this is also the case for domestic vegetable oil and oilseed 

0%
19%

40%

31%

20%
17%

17% 12%
5% 3%

18% 19%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

RED2eq RED2eqPL

Biodiesel

UCO

rest of veg oils

other oilseed oil

soybean oil

rapeseed oil

palm oil

http://www.ifw-kiel.de


KIEL WORKING PAPER     NO. 2203 DECEMBER 2021  
 

12 

producers will be discussed in the following section that looks at the implications for agricultural 

commodity markets.  

Table 3: EU net imports in billion USD in 2030 under different scenarios by trading partner  
  

REF RED2corr RED2eq RED2eqPL 

BETH BRA 0.10 0.35 0.56 0.55 
 

USA 0.05 0.10 0.13 0.13 

BDIE USA 0.13 0.51 0.65 0.57 

BDIE_PLM MAI 0.00 0.00 0.00 1.02 

UCOME USA 0.02 0.06 0.06 0.06 

4.2 RED II impacts on EU agricultural commodity markets 

As already mentioned above, instead of importing ready-to-use biodiesel, the EU typically imports 

the vegetable oils to process biodiesel domestically. Figure 3 shows exports and imports of different 

vegetable oils from, to, and within the EU. While when summing up net trade of EU member states with 

non-EU members (denoted as “EU” in Figure 3) the EU is a net exporter of rapeseed oil under the REF 

Scenario, it becomes a net importer under all other biofuel scenarios, although rapeseed oil is 

predominantly traded within the EU (see single regions in Figure 3). This is mainly driven by DEU who 

turns into the largest net importer under all biofuel quota scenarios and starts to import rapeseed oil 

mainly from the European regions CEU and MEE. In contrast, soybean oil is mostly imported from non-

EU regions, and all EU regions are net importers of soybean oil under all scenarios. Net imports of 

rapeseed and soybean oil into the EU are largest under the RED2eq scenario, where demand is high due 

to the 7% quota and palm oil is not available due to the palm oil biodiesel ban.  

Figure 3: Net trade of EU with the sum non-EU regions (denoted “EU”), and net trade of EU regions with the sum of 
EU and non-EU regions.  

 

In the RED2eqPL scenario without the restriction, rapeseed oil and soybean oil imports into the EU, 

predominantly into DEU and MED, are partly replaced by palm oil. In fact, palm oil imports are 5 times 

larger compared to when the restriction is in place. Considering palm oil, the EU is a net importer from 

non-EU regions, mainly from MAI. Comparing the RED2eqPL and RED2eq scenarios, the palm oil 

restriction under RED2eq leads to lower net imports of palm oil into the EU. In particular to DEU and 
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with the palm oil restriction (RED2eq), nearly 79% of palm oil enters the food processing sector in the 

EU in 2030, without the palm oil restriction, 76% of palm oil is used in the production process of 

biodiesel. However, the impacts of the palm oil policy on the EU’s food processing sector are negligible, 

since palm oil only contributes 0.1% to total inputs in the food processing sector.  

Even though the EU becomes a net importer of rapeseed oil in all scenarios, the EU simultaneously 

expands production of rapeseed oil to meet the high domestic demand compared to the REF scenario, 

as shown in the first row of Table 4 (RED2corr 105%, RED2eq 187%). The EU soybean oil production 

rises less drastically compared to rapeseed oil, by 21-29%. Through the higher demand for vegetable 

oils, their prices in the EU increase strongly, namely for rapeseed oil by 17.3% in the RED2corr scenario 

and by 25% in the RED2eq scenario and for soybean oil accordingly by 30.3% and 43.0%. As a result of 

the higher production, prices of meals, which are co-products of vegetable oil production, fall by up to 

43% compared to the REF scenario.  

Table 4: Changes in production and prices of selected vegetable oils and meals in the EU.  

* Compares the RED2eq and RED2eqPL scenarios and shows the effect of the palm-oil phase-out for the EU 
biodiesel mandate.   

Part of these increases are due to the restriction on palm-based biodiesel in the RED II. The phase-

out is responsible for an increase of rapeseed oil production in the EU by 22.4% (fourth column of Table 

4).  EU imports of rapeseed oil and soybean oil are also larger in RED2eq scenario than in the RED2eqPL 

scenario as demonstrated in Figure 3. Furthermore, the phase-out of palm oil-based biodiesel also has 

an impact on soybean and rapeseed oil and their meal prices. In the EU soybean oil is 6% more 

expensive, and its meal, which is a main feedstock in livestock production, about 4% cheaper compared 

to a situation without the phase-out.  

These effects are also apparent when looking at crop markets in Table 5. In general, production of 

crops used for biofuel production (wheat, maize, rapeseed, sugar cane and beet) increases at the 

expense of the other crops (Table 5). Mirroring the different biofuel targets under the RED II scenarios, 

the strongest increase in crop production occurs under the RED2eq scenario (third column), the lowest 

under the RED2corr scenario (second column). Rapeseed production, for example, rises by 25.4% under 

the RED2corr scenario while it increases by 45.2% under the RED2eq scenario. This strong increase is 

caused by the high input share of rapeseed oil into biodiesel production (see Figure 2).  

This is also due to the palm oil phase-out which leads to an increase in rapeseed production by 9.7% 

in the EU when comparing the REDeqpl and the REDeq scenario (fourth column), corresponding to an 

increase of 14% when comparing REDeqpl to REF. Thus, not only domestic EU biofuel producers benefit 

from the phase-out, but also domestic rapeseed producers. Interestingly, soybean production within 

the EU decreases slightly in the RED2eq scenario compared to the REF scenario, but this is compensated 

for by cheaper imports such that consumption does not change (Figure 3). 

Since the bioethanol market in the EU is small compared to the biodiesel market, impacts on crops 

used for bioethanol production are smaller compared to those used for biodiesel production. Because 

bioethanol in the EU is mainly produced from maize, maize production rises by 8.9% in the RED2eq 

 Production 
(bills. USD) 
REF 2030 

∆ EU production  ∆ EU prices 

  
RED2corr vs 
REF 

RED2eq 
vs REF 

RED2eqPL vs 
RED2eq*   

RED2corr 
vs REF 

RED2eq 
vs REF 

RED2eqPL vs 
RED2eq* 

Rapeseed oil 6.79 105.0% 187.3% 22.4%.  17.3% 25.0% 3.1% 

Soybean oil 3.41 20.6% 29.1% 5.0%.  30.3% 43.0% 6.0% 

Rapeseed meal 2.05 101.8% 182.0% 22.1%.  -31.9% -43.3% -11.3% 

Soybean meal 4.97 19.4% 27.5% 4.8%.  -11.4% -15.9% -3.9% 
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scenario, while the production of other grains with low shares in bioethanol production declines. In all 

scenarios, crop prices increase due to the high demand and competition for land.  

Table 5: Changes in production and prices of agricultural commodities in the EU.  

 Production 
(bills. USD) 
REF 2030 

∆ EU production  ∆ EU prices 

  
RED2corr 
vs REF 

RED2eq 
vs REF 

RED2eqPL vs 
RED2eq*   

RED2corr 
vs REF 

RED2eq 
vs REF 

RED2eqPL vs 
RED2eq* 

Paddy rice 1.87 -0.3% -0.7% -0.2%  0.1% 0.2% -0.2% 

Wheat 68.10 -0.6% -0.2% -1.0%  1.3% 3.0% 0.1% 

Maize 23.59 1.5% 8.9% -0.9%  1.4% 3.4% 0.0% 

Other grains 25.43 -2.0% -2.9% -0.9%  1.5% 3.4% 0.0% 

Rapeseed 18.94 25.4% 45.2% 9.7%  1.6% 3.6% 0.2% 

Soybeans 1.67 0.6% -0.8% -0.2%  1.9% 4.3% 0.0% 
Other oil seeds 22.24 2.4% 5.0% 1.7%  1.2% 3.0% 0.0% 

Sugar cane/beet 7.66 6.6% 12.4% 0.1%  8.5% 18.3% 0.0% 

Other crops 279.66 -1.3% -2.8% -0.5%  1.1% 2.7% 0.0% 

DDGS maize 0.61 100.5% 313.7% -0.2%  -34.3% -51.4% -0.5% 

DDGS wheat 0.47 114.5% 271.2% -0.5%   -31.7% -54.1% -0.4% 

Processed Food 775.92 0.0% -0.3% -0.1%  0.3% 0.6% 0.0% 

Processed Meat  1376.00 0.1% 0.1% 0.0%   -0.2% -0.1% -0.1% 

* Compares the RED2eq and RED2eqPL scenarios and shows the effect of the palm-oil phase-out for the EU 
biodiesel mandate.   

The biofuel policies have only small effects on production and prices of processed meat and food. 

This is because the two sectors are very large in value terms. However, we can observe the expected 

signs of the effects. The prices for meat decrease and the production increases given the lower prices 

of biofuel processing by-products that are used as livestock feed, i.e. oil seed meals (Table 4Table 4) and 

DDGS (Table 5). Conversely, the prices of other processed food increases and production decreases 

slightly given the higher crop prices in all scenarios. 

4.3 RED II impacts on global agricultural commodity markets and land use 

While we find that the RED II biofuel policy causes significant rearrangements in crop production 

patterns within the EU, the spill-overs to areas outside the EU are smaller and mainly pertain to 

rapeseed and soybean feedstock and oils. Table 6 shows changes in global crop and biofuel production 

and prices.  

Under the RED2eq scenario, there is a strong increase in global rapeseed production by 15.2%, which 

is almost double the increase in the RED2corr scenario (8.5%). Global soybean production on the other 

hand increases only by 1.4% in RED2eq and 0.9% in RED2corr compared to REF. The impacts on global 

grain markets are less pronounced because only 2-4% of the global maize and 0.8-1.5% of wheat 

production enter bioethanol process chains.  

Global land-use changes mirror changes in production as shown in Figure 4. Area changes for grains 

are relatively small in all scenarios except for “other grains” which is mainly due to the output reduction 

in the EU. Oilseeds on the other hand increase their global area substantially, dominated by rapeseed. 

Under the RED2eq scenario, the area planted with rapeseed increases by more than 11%. Almost 3% of 

this area increase is caused by the palm oil phase-out alone, whereas palm oil area is reduced by about 

1.5%. The implications of this particular land-use change are discussed in more detail in the next section.  
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Table 6: Changes in production and prices on global markets in 2030 

  Production 
(bills. USD) 
REF 2030 

∆ global production ∆ global prices 

  
RED2corr 
vs REF 

RED2eq vs 
REF 

RED2eqPL 
vs RED2eq 

RED2corr 
vs REF 

RED2eq 
vs REF 

RED2eqPL 
vs RED2eq 

Paddy rice 362.85 0.0% -0.1% 0.0% 0.0% 0.1% -0.2% 

Wheat 309.77 0.0% 0.2% -0.1% 0.5% 1.2% 0.1% 

Maize 322.64 -0.1% 0.3% -0.1% 0.4% 0.9% 0.0% 

Other grains 123.15 -0.6% -0.9% -0.2% 0.5% 1.2% 0.0% 

Palm fruit 57.20 0.0% 0.0% -2.4% 0.3% 0.5% -5.8% 

Rapeseed 60.30 8.5% 15.2% 3.8% 0.8% 1.9% 0.2% 

Soybeans 190.87 0.9% 1.4% 0.2% 0.6% 1.2% 0.0% 

Other oil seeds 120.46 0.7% 1.4% 0.4% 0.5% 1.1% 0.0% 

Sugar cane/beet 123.29 0.5% 1.1% 0.0% 0.9% 2.0% 0.0% 

Other crops 2171.14 0.0% -0.1% 0.0% 0.4% 0.9% 0.0% 

DDGS wheat 0.09 110.0% 260.6% -0.5% -33.7% -50.9% -0.5% 

DDGS maize 2.87 20.5% 65.5% -0.2% -11.0% -28.6% -0.4% 

DDGS oth grains 0.37 111.8% 283.6% -0.2% -33.5% -51.6% -0.4% 

Palm oil 40.85 0.8% 0.2% -38.2% 0.2% 0.4% -1.3% 

VOLN 643.04 0.0% 0.1% 0.1% 0.4% 0.7% -0.3% 

Bioethanol 15.08 33.4% 85.2% 0.0% 7.9% 17.8% 0.3% 

Biodiesel  8.80 175.4% 315.7% 28.4% 14.4% 20.8% 2.5% 

Processed Food 6504.8 0.0% -0.1% 0.0% 0.2% 0.3% 0.0% 

* Compares the RED2eq and RED2eqPL scenarios and shows the effect of the palm-oil phase-out for the EU 
biodiesel mandate.   

Figure 4: Changes in land-use area compared to the REF scenario in 2030 in percent. RED2eqPL compares the 
RED2eq and RED2eqPL scenarios and shows the effect of the palm-oil phase-out for the EU biodiesel mandate. 
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4.4 Implications of the palm oil phase-out 

Globally, the major palm fruit-producing regions are MAI (56% of global production under REF in 

2030) and AFR (35% of global production). Both are also the largest producers of palm oil, as palm fruit 

itself is rarely exported but rather processed domestically and then traded internationally as palm oil. 

Due to the palm oil phase-out, palm oil production in MAI decreases by 7%. Smaller producers, such as 

AFR and LAM, also reduce their output leading to a decline in global production of 38% (third column of 

Table 6). Therefore, the palm oil restriction causes global palm fruit production to drop by 2.4% and its 

price to decline by 5.8% (third and last column of table 6). Due to the underlying data structure a share 

of palm fruit and palm oil enters the accumulative sector “processed vegetable oils” (VOLN), which is 

again consumed by various sectors, but not by biofuel processing. This explains the differences in the 

changes of palm fruit and palm oil production. 

Since the main argument for the palm oil biodiesel phase-out is to reduce the pressure for 

deforestation in tropical countries, a closer look on land use changes is essential. Figure 5 displays the 

land use reactions of oilseed crops under the palm oil phase-out. While palm fruit land is reduced by 

340,000 ha, rapeseed and soybean area expands by 969,000 ha and 213,000 ha, respectively. Thus, the 

expansion of rapeseed and soybean area consumes more than 3 times the area spared by reduced palm 

fruit production. A major share of the soybean area expansion takes place in Brazil.  

Figure 5: Change of harvested area under palm oil biodiesel phase-out for selected oilseeds. 

  

The relatively small land-use effects are especially apparent when looking at the major global palm 

fruit producer MAI. In 2018, 10% of global palm fruit output is used for biodiesel production which is 

mainly consumed in the EU. While the palm oil biodiesel phase-out in the EU leads to a global reduction 

in palm fruit land by 1.9% in 2030, land used for palm fruit in MAI is only reduced by 1.1%. One reason 

why the effect on palm fruit production in MAI is lower compared to the global average is a cost 

advantage of palm fruit production compared to AFR and LAM. As the price for palm fruit drops due to 

the palm oil phase-out, the production in those two regions reacts stronger (AFR: -2.8%, LAM: -8.2%). 

Figure 6 shows production and export data for MAI for RED2eq and RED2eqpl. By scenario definition, 

in the RED2eq scenario the production of palm oil-based biodiesel as well as a stop in palm and 

vegetable oil exports to the EU is stopped almost completely. It should be noted that while we model 

EU biofuel quotas, we do not include biofuel quotas in other regions such as in MAI. Thus, the reduction 

in palm oil biodiesel production in this region is likely to be overestimated. Moreover, to evaluate the 
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implications of the phase-out on palm fruit production, we need to consider the palm oil and “rest of 

vegetable oil” (VOLN) sector jointly to comply with the above-mentioned characteristics of the 

underlying data structure. Figure 6 shows that with the demand for palm oil in the EU going to zero, 

exports of palm and vegetable oils to CHN and IND increase as a result of lower global market prices for 

palm fruit and palm oil in the RED2eq scenario. While we observe an overall decrease in palm oil 

production in MAI, VOLN production increases, resulting in only a minor change in actual palm fruit 

production.  

Figure 6: Production of selected commodities and exports of palm and vegetable oils in MAI 2030. Percentage values 
indicate change due to palm oil phase-out. 

 

5 Discussion and Conclusion 

This study analyzes the recast of the EU’s Renewable Energy Directive II that has introduced 

restrictions for biofuel feedstock from food and feed crops as well as a phase-out of feedstock from land 

with high carbon value, mainly pertaining to palm fruit. Despite these restrictions, the RED II sets 

mandates for biofuels in the EU transport sector that are likely to have impacts on global agricultural 

markets and land use.  

Our findings lead to several conclusions. First, we find that given current fossil fuel prices, biofuels 

are not cost-competitive compared to fossil oil-based fuels, which is in line with results from Philipidis 

et al. (2019). Without policies such as the RED II, biofuel consumption in the EU would return to a 

negligible level. Secondly, the increasing demand for biofuels is to a large extent satisfied by rapeseed-

based biodiesel, which is especially driven by the phase-out of palm oil-based biodiesel that causes 

imports of palm oil and palm oil-based biodiesel to the EU to decline. This is compensated for by higher 

production quantities of EU-based rapeseed and rapeseed oil, and to a certain degree by an increase of 

imported soybean oil. EU farmers can be considered to be beneficiaries of this policy since they generate 

additional revenues due to expanding the production of rapeseed while simultaneously obtaining higher 

prices. In turn, they produce less grains and other annual crops. Nevertheless, impacts on global grain 

markets remain small and prices increase by a maximum of 1% depending on the scenario.  

Furthermore, our results show how crucial it is to differentiate between different oilseed crops and 

vegetable oils when analyzing biofuel policies. Phillipidis et al. (2018), who also specifically addresses 

the palm oil phase-out, do not find considerable impacts on the EU’s crop markets, as they do not 
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consider feedback and substitution effects between vegetable oils on domestic and global markets. Our 

results show that the phase-out of palm oil as biofuel feedstock changes the use of different vegetable 

oil types. More rapeseed oil and soybean oil are used for biofuels, and palm oil is increasingly used by 

non-biofuel sectors such as the chemical and food industry within the EU, but also in non-EU regions 

such as China and India. A shortcoming of our model is that we cannot consider different qualities and 

hence prices of certified and un-certified palm oil (or palm oil-based biodiesel). Cultivating certified palm 

oil for the EU biofuel market requires additional investments which are usually compensated for by a 

price mark up. Other markets and sectors do not require certification, and only niche markets pay a 

premium for certified palm oil.  It is highly questionable if farmers of certified palm oil can compensate 

their costs of investment once the palm oil phase-out is in place. Thus, the implications for palm fruit 

farmers who used to sell to the EU biofuel market might be underestimated, and social and ecological 

efforts to reach the certification standard could be reversed.   

Our findings also support the claim of palm oil-producing countries that the palm oil phase acts as a 

technical barrier to trade. We find that the phase-out of palm oil as a biofuel feedstock in the EU has 

only a relatively small impact on global palm fruit production, while EU farmers are the primary 

beneficiaries. The motivation by the EU for the phase-out is the protection of high carbon stock (hcs) 

land by reducing the expansion of palm fruit production. Nevertheless, besides an expansion in 

rapeseed production, our results show an expansion of soybean production in Brazil. There is a 

considerable probability that a share of this expansion might actually take place in hcs land, but now in 

South America instead of South-East Asia.  

Therefore, a key factor for accessing the effectiveness of the policy is the biofuel productivity of 

oilseed crops in terms of land use. As shown above, our model results indicate that due to the palm oil 

phase-out, more than three times of the area saved by reduced palm fruit cultivation is needed for 

additional soybean and rapeseed production to meet the demand for biofuels. These findings lie in 

between the range of results of other studies. Debenath (2019) states that the biofuel yield for palm 

fruit is 4.45 mt/ha while it is 1 mt/ha for rapeseed and 0.36 mt/ha for soybean. In contrast, in their 

report for the European Commission, Valin et al. (2015) assume 1.7 times higher biofuel yield per ha for 

palm fruit compared to rapeseed, and 5 times higher yield compared to soybean. For the RED II 

calculation of land expansion into hcs-land, as described in the introduction, the European Commission 

chooses a productivity factor of 2.5 for palm fruit and 1 for rapeseed and soybean (European Union 

2019). Compared to the scientific studies, especially the productivity factor for soybean is selected very 

generously. Moreover, given the absolute historic expansion of soybean production areas into hcs land 

in South America, like the Amazon Forest but also the Cerrado or the Chaco Forest, it is questionable 

whether the shift in biodiesel production from palm oil to soybean oil substantially reduces global 

emissions from land use change. The relatively lower share of expansion into hcs land of soybean 

compared to palm fruit production might be overcompensated by the higher amount of land required 

for producing the same amount of biodiesel. Consequently, it raises concerns if it is justified to have a 

palm oil biodiesel phase-out, but not a soybean oil biodiesel phase-out.   

The results of this study point to the following recommendations. Besides palm fruit production for 

biofuels, policies should ensure the responsible production of any crop in sensitive and so-called high 

ILUC risk, regions. Focusing only on one crop in a single sector, either with binding sustainability criteria 

or a ban of utilization leads to substitution effects and waters down the effectiveness of the policy. As 

elaborated on above, the palm oil phase-out jeopardizes the efforts for sustainable palm fruit 

production, without bringing forest restoration or a halt of deforestation in tropical areas. Tropical 

forests might benefit more from enhanced binding sustainability criteria and certification schemes for 

the use of all vegetable oils in every sector and industry. 
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Appendix  

A.1 Global and EU Energy Market 

The EU’s biofuel policy has an impact on global energy markets. The substitution of fossil fuels 
in the transport sector by biofuels causes prices of unprocessed fuels (coal, crude oil, gas) as well as 
processed crude oil (refined oil, motor gasoline, transport diesel) to fall by up to 0.4%. This effect is 
higher under the RED2eq Scenario compared to the RED2corr Scenario, given the higher share of 
biofuels on total transport fuels under the RED2eq Scenario.  
Since in the EU the main type of biofuels is biodiesel the global production of transport diesel declines 
by 0.6% while the global production of motor gasoline falls by 0.3%. Together with refined oil, they are 
produced from crude oil, such that with falling demand for crude oil being processed to transport diesel 
or gasoline, the production of refined oil increases by 0.1%.  

Table A1: Change in global average prices, production, and net imports of fossil fuels in 2030 compared to REF 

 
    ∆ global prices ∆ global production ∆ EU net imports  
RED2corr RED2eq RED2corr RED2eq RED2corr RED2eq 

coal -0.1% -0.2% 0.0% 0.0% -0.5% -0.7% 

crude oil -0.2% -0.4% -0.1% -0.2% -1.1% -2.0% 

gas -0.1% -0.2% 0.0% 0.0% -0.1% -0.1% 

refined oil -0.2% -0.3% 0.1% 0.1% -3.5% -6.4% 

motor gasoline -0.2% -0.3% -0.1% -0.3% 1.3% 1.9% 
transport diesel -0.2% -0.4% -0.4% -0.6% -3.6% -5.7% 

 
The EU is a net importer of all fossil fuels except motor gasoline. With the substitution of fossil 

fuels with biofuels, net imports of transport diesel are reduced by 3.6% under the RED2corr Scenario 
and 5.7% under the RED2eq Scenario, while negative imports (meaning net exports) of motor gasoline 
rise by 1.3% and 1.9% respectively. Similarly, crude oil exports are reduced, and via substitution effects 
amongst the other unprocessed fossil fuel sectors, also imports of coal and gas decline to a smaller 
degree (0.1 to 0.7%). 

A.2 Additional Tables and Figures 

Table A2: Regions in DART-BIO 

Central and South America Europe 

BRA Brazil FSU Rest of former Soviet Union 

PAC Paraguay, Argentina, Uruguay, 
Chile 

CEU Central European Union with Belgium, France, Luxembourg, Netherlands 

LAM Rest of Latin America DEU Germany 
  MED Mediterranean with Cyprus, Greece, Italy, Malta, Portugal, Spain 

Middle East and Northern Africa  MEE Eastern European Union with Austria, Czech Republic, Estonia, Hungary, 
Latvia, Lithuania, Poland, Slovakia, Slovenia, Romania, Bulgaria, Croatia 

MEA Middle East and Northern Africa NWE North-Western European Union with Denmark, Finland, Ireland, Sweden, 
United Kingdom 

AFR Sub-Saharan Africa RNE Rest of Northern Europe: Switzerland, Norway, Lichtenstein, Iceland 

    

Asia Northern America 

CHN China, Hong Kong CAN Canada 

IND India USA United States of America 

EAS Eastern Asia with Japan, South 
Korea, Taiwan, Singapore 

  

MAI Malaysia, Indonesia Oceania 

ROA Rest of Asia ANC Australia, New Zealand, Rest of Oceania 

RUS Russia   
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Table A3: Sectors in DART-BIO   

Agricultural related products (29) Energy products (15) 

Crops COL Coal 

PDR Paddy rice CRU Oil 

WHT Wheat GAS Gas 

MZE Maize MGAS Motor gasoline 

GRON Other cereal grains MDIE Motor diesel 

PLM Oil Palm fruit OIL Petroleum and coal products 

RSD Rapeseed ELY Electricity 

SOY Soybean ETHW* Bioethanol from wheat 

OSDN Other oil seeds ETHM* Bioethanol from maize 

C_B Sugar cane and sugar beet ETHG* Bioethanol from other grains 

AGR Rest of crops ETHS Bioethanol from sugar cane 

  ETHC Cellulosic Bioethanol from straw 

Processed agricultural products   

VOLN Other vegetable oils Biofuels 

SGR Sugar BETH Bioethanol 

FOD Rest of food BDIE_PLM Biodiese made from palm oill 

  BDIE_OTH Biodiesel made from other vegetable oils  

  UCOME Used Cooking Oil Methyl Ester 

PLMoil* Palm oil  

RSDoil* Rapeseed oil Non-energy products (3) 

SOYoil* Soybean oil CRPN Other chemical rubber plastic products 

OSDNoil* Oil from other oil seeds ETS Paper, minerals, and metals 

SOYmeal* Soybean meal OTH  Other goods and services 

OSDNmeal* Meal from other oil seeds   

PLMmeal* Palm meal Forest and forest products (2) 

RSDmeal* Rapeseed meal FRS Forestry 

DDGSw* DDGS from wheat FRI Forest related industry 

DDGSm* DDGS from maize   

DDGSg* DDGS from other cereal grains   

UCO Used cooking oil   

STRAW Starches, straw   

Meat and dairy products 

OLVS Outdoor livestock and related 
animal products (cattle and other 
grazing animals, raw milk and 
wool) 

ILVS Indoor livestock (swine, poultry 
and other animal products from 
indoor livestock) 

PCM Processed animal products 

   

Note: New products are in cursive. All goods are produced by an analogous industry, except were indicated by an 

asterisk (*), which indicates jointly produced goods. Bioethanol and DDGS are jointly produced by the bioethanol 

industry (3 types of industries), and oilseeds oil and meal are jointly produced by the vegetable oil industry (4 types 

of industries). 
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Table A4: Shares of different biofuels in total transport fuels consumption in different EU regions in percent 
  

REF 

2018 

REF 2030 RED2max 

2030 

RED2corr 

2030 

RED2eq 

2030 

RED2eqPL 

2030 

BETH CEU 6.1% 2.4% 2.4% 6.1% 7.0% 7.0% 
 

DEU 4.3% 2.6% 2.6% 4.3% 7.0% 7.0% 
 

MED 1.2% 0.8% 0.8% 1.2% 7.0% 7.0% 
 

MEE 3.8% 1.4% 1.4% 3.8% 7.0% 7.0% 
 

NWE 3.7% 1.1% 1.1% 3.7% 7.0% 7.0% 

BDIE_OTH CEU 3.6% 1.4% 1.4% 5.1% 7.0% 5.3% 
 

DEU 3.3% 0.3% 0.3% 4.2% 7.0% 5.3% 
 

MED 3.0% 0.8% 0.8% 4.5% 7.0% 5.2% 
 

MEE 2.9% 2.1% 2.1% 3.6% 7.0% 5.3% 
 

NWE 3.4% 0.2% 0.2% 4.1% 7.0% 5.3% 

BDIE_PLM CEU 1.5% 0.0% 0.0% 0.0% 0.0% 1.8% 
 

DEU 1.2% 0.0% 0.0% 0.0% 0.0% 1.8% 
 

MED 1.9% 0.0% 0.0% 0.0% 0.0% 1.7% 
 

MEE 0.9% 0.0% 0.0% 0.0% 0.0% 1.8% 
 

NWE 0.9% 0.0% 0.0% 0.0% 0.0% 1.8% 

UCOME CEU 1.7% 0.2% 0.2% 1.7% 1.7% 1.7% 
 

DEU 0.9% 0.1% 0.1% 1.2% 1.7% 1.7% 
 

MED 0.8% 0.2% 0.2% 1.2% 1.7% 1.7% 
 

MEE 1.0% 0.6% 0.6% 1.3% 1.7% 1.7% 
 

NWE 1.5% 0.7% 0.7% 1.7% 1.7% 1.7% 

BDIE_SUM CEU 6.8% 1.6% 1.6% 6.8% 8.7% 8.7% 
 

DEU 5.4% 0.4% 0.4% 5.4% 8.7% 8.7% 
 

MED 5.7% 1.0% 1.0% 5.7% 8.7% 8.7% 
 

MEE 4.9% 2.7% 2.7% 4.9% 8.7% 8.7% 
 

NWE 5.8% 0.9% 0.9% 5.8% 8.7% 8.7% 

Note: The share of bioethanol (BETH) shows its share in the sum of gasoline and bioethanol; the shares of biodiesel 

types show their share in the sum of fossil diesel and all biodiesel types. BDIE_SUM is the sum of all three biodiesel 

types (BDIE_OTH, BDIE_PLM and UCOME). 

http://www.ifw-kiel.de

