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Abstract


The development of a sustainable biobased economy (BBE) in Europe is associated with several challenges. Amongst others, lessons learned from the development of the biofuel sector and the complex debate around land use change associated with a growing demand for biomass have to be considered when developing BBE policies. In that regard, strategies to identify and verify feedstocks with low potential risks for direct and indirect land use change (iLUC) impacts are of specific importance. Complementing existing efforts to assess iLUC with modelling activities, the European Commission (EC) has proposed a risk-based approach, aiming to differentiate high and low iLUC risk biomass. Amongst others, different additionality measures can be used to produce certified biomass with low iLUC risk. However, a comprehensive overview and analysis of these additionality measures and the challenges related to their integration in an integer verification approach is still missing. Therefore, we analyse European Union (EU) policies dealing with iLUC, iLUC risk assessment studies, certification approaches, and iLUC modelling studies to identify and develop additionality practices potentially applicable in certification and to show how the potential application of the proposed measures could be realised and verified in practice. We identified five potential practices for low iLUC risk biomass production, which are likely to be used by market actors. For each practice, we identified methods for the determination of low iLUC risk feedstock and products. Finally, our review includes recommendations for follow-up activities towards the actual implementation of additionality measures in biomass certification schemes.
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1. Introduction


Future projections expect a growing biobased economy (BBE) in the next decades [1]. This is characterised by an increasing use of biomass for energy purposes, like biofuels and a growing demand for biobased materials [2]. The latter comprise i.e., bioplastics, biochemicals, biolubricants, biosolvents, and biosurfactants [3]. For the manufacturing of these products, feedstocks obtained from the use of agricultural land are of essential importance [4]. This might increase the demand for land to cultivate those feedstocks [5,6]. To meet that growing demand, the cultivated area, on the one hand, might expand to currently uncultivated land and on the other hand might occupy cultivated area, worldwide [7]. That could result in higher pressure on land, which was not cultivated before, with increasing impacts on biodiversity and carbon stock [8,9]. Land use change (LUC) could be one of the consequences. Land use change can be categorised into direct land use change (dLUC) and indirect land use change (iLUC). According to the Intergovernmental Panel on Climate Change (IPCC), dLUC is defined as a change in the use or management of land by humans, which may lead to a change in land cover. Whereas iLUC refers to shifts in land use induced by a change in the production level of an agricultural product somewhere else in the world. This change can be the consequence of market mechanisms or political measures inducing additional demand for biomass or land [10]. Therefore, the decision to change agricultural land use activities of a particular location could also change land use activities globally or locally. The particular characteristic of iLUC is that the displacement of other land use activities, which could for example be caused by an increase in biomass production for the manufacture of biobased products, is decoupled from the production of the biobased product itself. For example, if soybeans from existing soybean farmland originally used for food and feed production are used to produce soybean-based biodiesel, the cultivation of soybeans for food and feed purposes could be shifted to previously unused land somewhere in the world. This displacement could take place across national borders, which in turn could make it more difficult to trace LUC, and thus increase the decoupling of feedstock production of biobased products from its impact [11]. While dLUC is easy to monitor and quantify, iLUC effects are more complex, because it is influenced by many different factors, such as (i) an increasing demand for biomass, worldwide, (ii) an increase in the price of food crops, (iii) environmental policies lead to leakage effects like unintended land use displacements, (iv) spatially varying crop yields, (v) and the globalised trade of biobased products [12,13,14,15]. Therefore, iLUC could occur worldwide, with significant time lags and might be strongly influenced by global trade [16]. The dilemma with iLUC was recognised under the EU Renewable Energy Directive (RED) [17], when sustainability criteria for biofuels guaranteed the origin from established cultivation areas, but came along with the expansion of cultivation areas for food, feed, and material purposes [18]. Figure 1 shows the interconnection between EU policies dealing with iLUC and relevant iLUC modelling studies. The results of the modelling had a significant impact on the development of the respective EU policies. The results of the MIRAGE (Modelling International Relationship in Applied General Equilibrium) study [19] and the GLOBIOM (Global Biosphere Management) study [20] played an important role in the further development of the RED. As already mentioned, the RED introduced the certification of biofuels that are produced in compliance with sustainability criteria. Nevertheless, with the RED 2 there was a change in focus towards an approach whose goal is to reduce the iLUC risk [21]. For this purpose, the RED 2 is supplemented by a delegated regulation, which names so-called additionality measures. According to this, low iLUC risk biomass must be produced in compliance with these additionality measures in order to be certified [22].



1.1. Approaches to Quantify the iLUC Effects of Biofuel Policies


An assessment of indirect impacts caused by the production of biofuels from US corn conducted by Searchinger et al. [26] in the year 2008 is one of the first attempts to quantify the effects of iLUC. This analysis was complemented by other iLUC quantification approaches, mostly related to policy targets (e.g., the target for the share of renewables in the EU transport sector as defined by the RED) [27,28]. Most of these quantification approaches use models to estimate the contribution of iLUC to the overall Green House Gas (GHG) emissions balance of biofuels [29]. In this sense, the respective iLUC modelling approaches take into account emissions caused by the conversion of land to cropland due to the loss of existing above and below ground biomass [23].



According to De Rosa et al. [30], the models can be grouped into Economic Equilibrium Models (EEM), Causal-Descriptive Models (CDM), and Normative Models (NM). Whereas, the EEM base on economic equilibrium theory and include Computable General Equilibrium (CGE) models and Partial Equilibrium (PE) models [30]. A recently conducted review of iLUC assessment and quantification approaches distinguish between four modelling types, as Figure 2 illustrates [31]. Panichelli and Gnansounou [32] identify several other LUC modelling approaches, e.g., optimisation models, biophysical models, and system dynamics models for the estimation of LUC GHG emissions from biofuels production. Henders and Ostwald [33] highlight strengths and weaknesses of several EEM and CDM approaches. A comprehensive overview of different iLUC modelling activities can be found in [34,35].



The models estimate the annualised iLUC GHG emissions intensity, expressed in g CO2e MJ−1 biofuel, also known as iLUC emission factor [48]. Figure 3 shows exemplarily the iLUC emission factors of several biofuels made from different feedstock. For each biofuel path, the results of different modelling approaches are shown. The results underline that iLUC is a key issue for the implementation of policies aimed at increasing the use of biofuels as a tool to mitigate climate change. However, due to the different modelling results, it is not possible to provide clear information on the exact level of GHG emissions caused by iLUC for each biofuel. The results of the modelling approaches (e.g., CGE, PE, or CDM) differ considerably due to several factors as follows (taken from [15,49,50,51]):




	(i)

	
Structural components of the models: CGE models are developed for the whole economy, whereas PE models are developed only for specific sectors. There are differences in the geographical and commodity-level resolution. Furthermore, additional reasons for uncertainties could be to model trade of biofuels and the expansion of cultivated land into different land use types. The focus of many studies is on first-generation biofuels. Furthermore, the analysis of indirect effects focus on biofuels only, without considering indirect effects of fossil fuels. Many studies conduct no comprehensive sensitivity and uncertainty analysis.




	(ii)

	
Input data and assumptions: Many analyses take into account different policies and the use of different start and end-points in time. However, many studies do not take into account the effect of sustainability criteria and national land use policies. Furthermore, many models choose different ratios for biodiesel and ethanol. In addition, some models assume different amounts of harvest levels and feedstock use per MJ of biodiesel as well as the amount and value of byproducts. Assumptions in the demand for different commodities as well as differences in assumed land prices and costs for land conversion can differ between the models. Due to its dynamic nature, iLUC of a specific feedstock can change over time.




	(iii)

	
Treatment of carbon stock changes: To determine LUC related GHG emissions different additional carbon stock and emission databases are used to be added to economic modelling. Many models mainly focus on CO2 emissions, without taking into account other GHG emissions highly relevant as potential impacts of agricultural production, like N2O and CH4.










1.2. A Brief Review of the EU iLUC Policy Framework Development


The topic of iLUC has become a prominent aspect in the debate about biofuels after the definition of ambitious policy targets for the use of bioenergy, mostly in the EU and US transport sector (e.g., [19,26]). Within the EU, the introduction of the RED [17] in 2009 defined a 10% target for renewable energies in the transport sector, along with a set of sustainability criteria set out in Article 17. The sustainability criteria concern not to obtain the feedstock for biofuels and bioliquids from land with high biodiversity value and high-carbon stock. Biofuels sold in the EU that are to count towards the 10% target must demonstrate compliance with the sustainability criteria through sustainability certification (compare Figure 4) [17]. It has to be noted, that especially this combination of a target for renewable energy in the transport sector, which created a market or increasing the market volumes for biofuels in EU member states and the definition of sustainability criteria (including a criteria on direct land use change) has led to the complex problem of indirect land use change. The reason is that, whilst the RED has created an additional demand for biofuels and at the same time introduced a criterion, prohibiting the direct conversion of natural land. Since the latter is a criterion that is exclusive for this regulated market of biofuels, it can create spillover effects into other sectors of biomass production [52].



Consequently, different researchers conducted assessments, flagging the high risks for increasing pressure on natural areas because of a policy induced additional demand for biofuels (compare [19,26,27,37]).



In the year 2012, the EC published an impact assessment of different policy options on how to deal with iLUC. The aim of the assessment was to investigate the effectiveness of several policy options aimed at the reduction of iLUC impacts. The following policy options were considered within the assessment:




	
Take no action for the time being, while continuing to monitor.



	
Increase the minimum GHG saving threshold for biofuels.



	
Introduce additional sustainability requirements on certain categories of biofuels.



	
Attribute a quantity of GHG emissions to biofuels reflecting the estimated indirect land-use impact.



	
Limit the contribution from conventional biofuels to the RED targets to current production levels.








The assessment concluded, that a balanced approach based on the option E accompanied by aspects of the options B and D, complemented by additional incentives for advanced biofuels, would be the best way to reduce the potential impact of EU biofuel policies [24]. The option B aimed to exclude biofuels with large estimated iLUC emissions. The objective of option D was to incorporate the estimated iLUC emissions values in the reporting of the existing GHG methodology of biofuels. However, the estimated iLUC emissions cannot be determined clearly (compare Section 1.1). The EC rejected the option C at that time, because criteria and compliance indicators for low iLUC risk practices were insufficiently developed [24].



Based on the results of the impact assessment, the so-called iLUC Directive 2015/1513 was published in the year 2015 [25]. This directive amended the RED and the Directive 98/70/EC [54]. Among other things, it stipulated that the share of energy from biofuels, produced from food and feed crops, should be limited to 7% of final energy consumption in the transport sector in 2020. Furthermore, the directive presented a methodology for how to calculate the annualised emissions from carbon stock changes caused by LUC. The directive also included a definition of low iLUC risk biofuels and bioliquids. That “means biofuels and bioliquids, the feedstocks of which were produced within schemes which reduce the displacement of production for purposes other than for making biofuels and bioliquids and which were produced in accordance with the sustainability criteria for biofuels and bioliquids set out in Article 17” [25] (p. 14).



In 2018, the Renewable Energy Directive 2 (RED 2) [21] came into force. The RED 2 stipulates the repeal of the RED for the year 2021. Within the RED 2, the 7% limit for biofuels produced from food or feed crops is maintained. In addition, for biofuels classified as high iLUC risk produced from feedstocks for which a significant expansion of the production area into land with high-carbon stock is observed, e.g., palm oil, a cap and phase-out to 0% from 2023 to 2030 is set. To determine high iLUC risk biofuels, the RED 2 committed the EC to publish a report on the status of worldwide production expansion of relevant feedstock crops by February 2019 (for the report see [55]). However, a biofuel classified as potentially high iLUC risk may be exempted from the phase-out if the biofuels are certified as low iLUC risk in the context of a specific project [21]. In example, biodiesel produced from palm oil can be sold on the European market, if the biodiesel is certified as low iLUC risk. Thus, with the adoption of the RED 2, the focus of the sustainability certification of biofuels has changed to a risk-based approach.



The RED 2 is supplemented by the Commission Delegated Regulation (EU) 2019/807, published in March 2019. The regulation includes criteria for the identification of feedstock with high iLUC risk and general criteria for the certification of biofuels with a low iLUC risk. In addition, the regulation proposes specific criteria for determining so-called additionality measures. The purpose of the additionality measures is to produce an additional amount of biomass without jeopardizing existing users. On the one hand, these include improvements in the efficiency of existing uses, especially the increase in agricultural crop yields. On the other hand, there is the possibility of the planned change in use of previously unused areas. One focus is here on the conversion of abandoned land [22].




1.3. The Risk-Based Approach with the Focus at iLUC Mitigation for the Sustainability Certification of Biobased Products


With regard to the model-based calculation of iLUC based risks, as they are described in Section 1.1, several studies concluded that the modelled crop-specific iLUC emissions are not suitable for political policy decisions and should therefore not be included in binding EU regulations [56,57,58]. First attempts for iLUC risk mitigation were proposed for the assessment of bioenergy for mitigating climate change [59]. Thus, the approach focuses on the risk of iLUC caused by the production of biofuels from a specific feedstock. It should be noted that this approach measures options and strategies to mitigate the impacts of iLUC resulting from an increasing demand for biofuels [15]. Various mitigation measures are proposed in the literature, e.g., intensification and increased efficiency of agricultural production [60]. Finkbeiner [61] suggests shifting the research focus from iLUC impact effects to iLUC mitigation to ensure a scientifically sound assessment of indirect effects. This underlines the change from a regulatory science approach at the global level with high uncertainties due to abstract modelling techniques to the establishment of locally oriented practices to mitigate climate change [62].



Certification is mandatory within the RED and can be an important safeguard mechanism to ensure a certain level of sustainability and to verify compliance with sustainability criteria [63]. Therefore, suitable criteria and indicators for a sustainable development of the BBE are needed [64]. Based on the research mentioned above, a need for a scientifically verified and practically designed low iLUC risk assessment approach for the certification of biobased products can be assumed. We therefore provide a comprehensive overview of potential additionality practices that we expect to reduce the risk of undesirable negative land use changes.




1.4. Aim and Structure of the Review


The aim of this review is to identify and develop additionality practices and to identify approaches and how they could possibly be implemented and verified in the sustainability certification of biobased products. Therefore, this study aims to identify methods that are potentially applicable in low iLUC risk certification. Furthermore, this study describes how the low iLUC risk certification approach has evolved in the context of the development of EU iLUC policies and previous approaches of iLUC impact assessment. We intend to show how the EU has adapted the mandatory certification approach of biofuels to the problem of iLUC over the last years and finally introduced the low iLUC risk certification approach. Based on the iLUC policy development, we discuss crucial aspects for the implementation of the identified practices within a robust certification approach, which are in line with recent developments in EU policies dealing with iLUC. In this regard, it is important to note that we do not make recommendations on best management practices for biomass production. We rather aim to identify and develop practices and methods and how the certification of biomass with low iLUC risk could be implemented in sustainability certification practices.



We started by presenting the relevance of iLUC, accompanied by the presentation of activities to quantify the iLUC effects of biofuels and the political debate on how to deal with iLUC within the EU. In the next steps, we will describe our approach for the selection of relevant literature. Subsequently, we will present potential additionality practices and methodological proposals for a low iLUC risk assessment and certification practice. This is followed by a discussion on whether, and how, the identified additionality practices could be implemented and verified in the sustainability certification of biobased products. Furthermore, we present limitations of the low iLUC risk certification approach. We conclude the review with a short conclusion and an outlook on further research needs in the field of low iLUC risk biomass certification.





2. Materials and Methods


2.1. Approach for the Selection of the Reviewed Literature


This paper presents a comprehensive analysis of literature dealing with additionality practices and methodological proposals for their assessment in the sustainability certification of biobased products. The keywords shown in Table 1 have been used for the literature search. For a better overview, the keywords are grouped in three different thematic blocks.



Selection criteria are defined to ensure comparability of results. Therefore, the literature selection followed the subsequent requirements:




	
Published recently (between 2008 and 2020);



	
Focus on low iLUC risk assessment;



	
Published in a peer-reviewed scientific journal.








As there are several, relevant studies dealing with additionality practices and assessment methodologies that have not been published in peer-reviewed journals, we made some exceptions and partly extended the review. This concerns mainly technical reports and indicator sets of certification approaches dealing with low iLUC risk practices. The exceptions are made to provide a comprehensive overview of the full range of research and current practice in the field of additionality practices potentially suitable for certification. The studies selected must meet the following criteria:




	
Be written in English;



	
Are publicly available;



	
Include descriptions of a concept for a low iLUC risk assessment framework or certification approach.









2.2. Identification and Development of Additionality Practices


Our review consists of two parts. In the first part, we derive potential additionality practices by analysing key drivers and parameters of relevant iLUC modelling approaches. The analysis is based on a study conducted for the STAR-ProBio project [65]. In the second part, we identify potential additionality practices by examining existing low iLUC risk assessment approaches. We analyse indicator sets of existing certification approaches and studies dealing with low iLUC risk assessment. Preferably, assessment studies dealing with practices on the project level are examined. The reason for this is that the focus of our research is on additionality practices for the certification of biobased products. However, in order to get a comprehensive overview of the practices developed for low iLUC risk assessment, other application levels are also considered. It is important for the analysis of the identified additionality practices that a detailed description as well as a methodology for the quantification of low iLUC risk biomass is included in the investigated studies.




2.3. Studies Reviewed and Studies Excluded from the Review Dealing with Low iLUC Risk Assessment Frameworks


Applying the selection criteria mentioned above, we analysed the studies listed in Table A1.



The following studies, which deal with low iLUC risks, were not analysed in detail in our review. For each study, we provide short explanations why we did not analyse the study in detail. The advisory company Ernst & Young identified a number of iLUC reduction practices [66]. However, the practices are described too briefly for our purposes. Furthermore, a conceptual assessment framework is missing. Wicke et al. [15] propose several iLUC mitigation strategies, from which Wicke et al. [67] derives so-called iLUC prevention measures. Neither study is analysed in detail in our review. The reason for this is that we have reviewed the study by Brinkman et al. [68]. Brinkman et al. proposes a comprehensive quantification methodology to assess the effect of the iLUC mitigation measures mentioned in both studies. Another study that we have excluded from our analysis is an assessment of biomethane with low iLUC risk carried out by Peters et al. [69]. We have not examined the study because the methodology is based on the methodologies developed by Peters et al. [70], which we have examined in detail. El Takriti et al. [71] reviewed relevant literature. We have not analysed the review in detail, as most of the studies examined by El Takriti et al., are already part of our review. Woltjer et al. [35] provide a comprehensive overview of research activities on the certification of low iLUC risk biofuels and the main mitigation options, which we already analysed in detail for our report. Fritsche et al. [72] discuss several options for reducing the iLUC risk in a literature review. The review includes options that we have already presented in our review. Furthermore, we did not analyse the options reviewed by Fritsche et al. [16] in detail, because these are not part of a conceptualized framework for iLUC reduction.





3. Results—Potential Additionality Practices for the Certification of Biobased Products


3.1. Overview of Additionality Practices Identified in the Reviewed Literature


Table 2 provides an overview of the additionality practices identified in the reviewed literature. Three practices can be found in most studies. These are (i) increasing agricultural crop yields, (ii) growing biomass on unused land, and (iii) improving the integration of byproducts, waste, and residues into the production chain. Table 2 does, furthermore, include two additional approaches, (i) reduction in biomass losses and (ii) improvements in livestock production efficiencies, analysed by only a few studies.



In the following sections, we describe each identified additionality practice in general and potential approaches for their implementation and verification in the sustainability certification of low iLUC risk biobased products. Figure 5 gives an overview about the additionality practices and the identified potential verification methods.




3.2. Increased Agricultural Crop Yield


3.2.1. General Description


The basic rationale behind the concept of increasing agricultural productivity is to improve the overall efficiency of an existing area of arable land without unplanned expansion to other, currently unmanaged areas [68,70,80]. Table 2 provides an overview of the studies examined, which propose a methodology for operationalising agricultural yield enhancement potentially applicable in certification practice. Several studies provide a detailed description and methodology for quantifying low iLUC risk biomass. Details of the studies analysed are given in Table A1. In addition, some authors highlight multicropping systems as a specific promising yield improvement measure for the production of biomass with low iLUC risk [70,77,78]. It should be noted that we do not make recommendations for agricultural management practices to increase agricultural yields. Instead, this review aims to provide a general overview on the debate and existing approaches on how additionality practices could be robustly implemented in the sustainability certification of biobased products.




3.2.2. Approaches to Determine the Amount of Low iLUC Risk Biomass from Increased Agricultural Crop Yield


Method I. Historical Yields Linear Trendline Reference of One Farm or Group of Farms


The linear trendline reference method for historical yields, proposed by Peters et al. [70] is a simplified approach, which compares the actual yield of a producer with a reference or baseline yield. The reference scenario is determined using the historical yields of a given crop over the last 10 years of a farm or group of farms proposed for certification and expressed by a linear trendline reference. A reference point is determined with these trendline yields. As a result, each yield above the reference point is classified as having a low iLUC risk. For example, a producer has documented the yield data for maize production for each year from 2010–2019. By applying the method of least squares, the linear trendline reference is calculated. Therefore, the farm determines the beginning of the linear trendline 10 years before (year 2010) proposed to produce certified low iLUC risk maize (e.g., 3.8107 t ha−1) and added the annual yield growth of the same period (e.g., 0.1004 t ha−1 a−1), multiplied by the year, for which the trendline yield has to be calculated. In our case, this is year number 10 for the year 2019. The reference point for the year 2019 is then simply calculated by the equation: Yref,2019 = 3.8107 t ha−1 + 0.1004 t ha−1 a−1 ×10 = 4.8 t ha−1. Any maize yield above 4.8 t ha−1 is low iLUC risk [70]. The potential advantages and disadvantages of this approach could be summarised on the basis of the results of the STAR-ProBio project [82], as in Table 3.




Method II. Dynamic Baseline Yield Scenario


The methodology of the dynamic baseline yield scenario is an extension of Method I, considering additionally the historical yields of comparable producers in a specified geographical area [84]. Van de Staaij et al. [80] present several criteria to determine similar producers or farms. The Roundtable on Sustainable Biomaterials (RSB) proposes a method to calculate the dynamic baseline yield and the amount of low iLUC risk biomass resulting from its application. For example, the baseline scenario is determined by deducting the average annual maize yield growth for similar farms in a region of 3.51 t ha−1 from the actual maize yield calculated with the yields of the last 5 years of the farm proposed to be certified of 3.8 t ha−1, multiplied by the maize cultivation area of 80 ha. This results in 23.2 t biomass, certifiable as low iLUC risk maize [78]. However, the methodology presented by the RSB is based on the Low Indirect Impact Biofuel (LIIB) methodology developed by Van de Staaij et al. [80]. According to Van de Staaij et al. [80], the methodology is developed for the determination of biofuels with a low risk of unwanted indirect impacts. It is especially conceptualised as an independent module, which can be added to existing certification schemes and biofuel policies [80]. Based on the analysis of the STAR-ProBio project [82], the potential advantages and disadvantages of this approach could be summarised as in Table 3.




Method III. Regional Low iLUC Risk Potential from Above Baseline Yield Increase


The aim of this method is to determine how much additional biofuel feedstock can be produced from above baseline yield increases to determine the low iLUC risk potential in a region. The method models regional data and calculates the biomass production potential on the basis of this data. This is followed by a comparison of the low iLUC risk potential with the biofuel feedstock target for this region [68]. For example, in a case study conducted by Brinkman et al. [85], the above baseline yield increase of maize for bioethanol production in Hungary was assessed. The authors determined a baseline scenario based on a reference scenario from the CGE model MIRAGE (compare Figure 2). To determine the above baseline yield increase, a scenario analysis was conducted, including a low, medium, and high scenario with different assumptions of yield increase for Hungary. Possible advantages and disadvantages of this approach could be summarised on the basis of the results of the STAR-ProBio project [82] as in Table 3.





3.2.3. Extending the Previously Mentioned Approaches in Order to Address the Issue of Yield Variations


Various difficulties can arise in implementing robust certification approaches for low iLUC risk biomass assessment. One of the biggest challenges is yield variations, mainly due to varying weather conditions. These annual yield fluctuations in a given region for a given producer may be greater than the yield increase resulting from the implementation of a yield improvement measure [77]. This may therefore influence the comparison of the actual yield with a baseline yield as proposed by the above methods. The result may be overestimation in years with favourable weather conditions and underestimation in years with unfavourable weather conditions [77,84]. In conclusion, an approach based only on a simple statistical trend might not be appropriate for the development of a robust low iLUC risk certification of increased crop yield [82].



Method IV. Crediting Project Implementation and Outcome


Malins [77] proposes an approach that combines the crediting of a project against the expected project benefits as a result of the successful implementation of a yield improvement plan and the actual yield results. Hence, this approach requires the implementation of a yield improvement plan that allows the project to demonstrate reasonable expectations of yield growth. According to Malins [77] the credit for project implementation or outcome could be set at a minimum of 30%, each. However, the author points out that the balance between the two elements must be chosen in such a way that there are sufficient incentives for both credit systems. Based on the results of Malins [77], Table 3 summarises the potential advantages and disadvantages of this approach.




Method V. Moving Trendline Yield


According to the moving trendline yield approach, proposed by Searle [83], biomass with low iLUC risk is the result of the difference between the trendline yield calculated for each year and a dynamic baseline yield. The latter takes into account the yields of similar producers within a geographical area (compare Method II). The trendline yield is calculated using the observed yields in all years since the producer was certified. The trendline moves each year in relation to the actual observed yields. For example, the trendline yield for the first year after certification is based on the yields of the years zero and one. The trendline yield for the second year after certification is based on the yields of the years zero, one, and two, etc. The potential advantages and disadvantages could be summarized as in Table 3, based on the results of Searle [83] and the STAR-ProBio project [82].






3.3. Biomass Cultivation on Unused Land


3.3.1. General Description


This concept is based on the idea of taking an unused plot of land into agricultural production to provide additional biomass, without intensification on existing agricultural land and without expanding and replacing existing biomass users [70,77,80]. Table 2 provides an overview of the studies reviewed that deal with this additionality practice. This is complemented by Table A1, which describes in more detail the studies examined, which propose methods for quantifying low risk iLUC biomass grown on previously unused land.




3.3.2. Definition of Unused Land and Unused Land Categories


For the certification of biomass produced on formerly unused land, a robust definition and proof that the land is not used is very important [70]. If the term unused land is not clearly defined, biodiversity loss or high GHG emissions could be the consequence, as land with high biodiversity value or high-carbon stock could be converted [75]. The definition introduced by the EC [22] plays an important role for the certification of low iLUC biofuels within the EU sustainability framework for biobased products [82]. According to Peters et al. [70], unused land is land that has not been used to provide services for a certain period of time in the past. The RSB [78] considers several other specific cases for identifying unused land, e.g., avoiding the use of areas with shifting cultivation.



There are several specifications of the concept of unused land. A list with descriptions of categories of unused land is presented by the STAR-ProBio project [82]. Examples are abandoned agricultural land as well as degraded, marginal, and set-aside land [15,86].




3.3.3. Additional Criteria to Demonstrate Unused Land Status


A site-specific investigation [70] could be carried out to identify a suitable plot of land. This could include the following verification activities:




	
The review of regulatory criteria (e.g., legal and traditional and/or customary rights) [70];



	
The verification of land cover and use criteria (e.g., low biodiversity value and low-carbon stock) [70];



	
Verifying whether the land was previously used for provisioning services (e.g., food, timber, or fibre) [78];



	
The verification of information on the location, size, actual use, and suitability for feedstock cultivation [68].








In addition, Peters et al. [70] propose to conduct an independent on-site audit to verify the results of the site-specific investigation activities listed above. Dehue et al. [75] present the concept of Responsible Cultivation Areas (RCA). This is a detailed practical methodology for identifying land suitable for the production of low iLUC risk biomass. The RCA is complemented by the Unused Land Guidance proposed by Van de Staaij et al. [81]. This guidance is developed for a practical and operational ex-post evaluation of unused land parcels. According to the LIIB Methodology, an unused plot of land can be identified, if unused land with similar quality characteristics can be identified within the same region [80]. Malins [77] distinguishes between regions of agricultural decline and expansion with regard to the selection of suitable unused land.




3.3.4. Approaches to Determine the Amount of Low iLUC Risk Biomass from Biomass Cultivation on Unused Land


Method VI. Determination of the Actual Amount of Harvested Feedstock


This approach takes into account the actual amount of feedstock harvested at the site that could be identified as unused land. Based on the actual yields and the size of the previously unused area, the amount of biomass with a low iLUC risk can be calculated [78,80]. For example, if the actual maize yield of a farm proposed for certification is 4.2 t ha−1 on the identified unused plot of land and the size of the plot is 100 ha, then 420 t of maize can be certified as low iLUC risk biomass [78]. Potential advantages and disadvantages of this approach could be summarised as in Table 4, based on results of the STAR-ProBio project [82].




Method VII. Regional Low iLUC Risk Potential from the Calculation with Projected Yields and a Marginal Yield Factor


This approach determines the low iLUC risk potential of a given region when land previously unused is taken into account, by considering modelled crop yields predicted for the future. The approach introduces a marginal yield factor (MYF), which assumes a lower productivity of underutilized land compared to the average agricultural land [68]. For example, in a case study of rapeseed biodiesel in Eastern Romania conducted by Brinkman et al. [87], the baseline of available abandoned land is set to zero hectare. This is compared with a low (>50 ha), medium (>20 ha), and high (All) scenario dealing with different sizes of land available for biomass production. Furthermore, a MYF for the low (50%), medium (75%), and high (99%) scenario is assumed to determine the low iLUC risk potential from the cultivation of abandoned land. Possible advantages and disadvantages of an approach based on forecasted yields and a MYF might be summarized as in Table 4, taken from the STAR-ProBio project [82].






3.4. Improved Production Chain Integration of Byproducts, Waste, and Residues


3.4.1. General Description


Improvements in the integration of byproducts, waste, or residues in the supply chain deal on the one hand with an increase in the amount of biobased products manufactured directly from existing materials that are actually not or inefficiently used as feedstock. On the other hand, byproducts, waste, or residues could be integrated into other land based production systems, e.g., for livestock feeding, to use existing arable land for biobased products feedstock production. Table 2 provides an overview of the reviewed studies that deal with this additionality practice. Table A1 includes characteristics of the studies reviewed that propose a methodology to quantify the amount of low iLUC risk biomass integrating byproducts, waste, or residues. A clear and robust definition of the terms byproduct, waste, and residue is very important. Starting from the definition of material streams, several authors propose a detailed assessment of alternative uses and possible effects of displacement of other uses and application in the production of biobased products [76,78,79,80].




3.4.2. Approaches to Determine the Amount of Low iLUC Risk Biomass from Improved Production Chain Integration


Method VIII. Quantification of LIIB Compliant Biofuels by Establishment of a Positive List Regarding Partial Use of End-of-Life (EoL) Products


This approach is part of the LIIB Methodology [80]. Waste and residue (EoL product) streams eligible for low iLUC risk certification can be identified by a multistep approach. Based on the definition of whether a material is a waste or residue in a particular region, the so-called feedstock–region combination, the owner of the certification scheme publishes a periodically updated positive list including this feedstock–region combination. In the case that only a share (%) of the total annual production of the EoL product stream can be included in the positive list, only this part can be classified as low iLUC risk [80]. If, for example, in a certain region 20% of wheat straw is already used for other purposes, the remaining 80% of the straw could be eligible as low iLUC risk feedstock for biobased products [79]. Possible advantages and disadvantages of this approach could be summarised as in Table 5, which is partly based on the results of the STAR-ProBio project [82].




Method IX. Quantification of Low iLUC Risk Biofuels and Biomaterials from Waste and Residues with an Input–Output-Analysis and an Average Conversion Rate


The methodology presented by the RSB [78] is based on the LIIB Methodology [80]. A waste or residue stream must meet several criteria to be considered for low iLUC risk certification. This can be, for example, the disposal by landfill or incineration of the waste or residue within a certain region. In contrast to the LIIB Methodology, the RSB does not require the establishment of a positive list for a feedstock–region combination. Instead, an input–output-analysis is performed. This analysis takes into account the identified low iLUC risk waste or residue as input of the production process. As output, the amount of low iLUC risk biofuel or biomaterial produced with the input is considered. Furthermore, an average conversion rate is determined on the basis of this input–output analysis [78]. If, for example, the amount of low iLUC risk wheat straw for bioethanol production in a certain year is 5000 t and the average conversion rate of wheat straw to ethanol is 0.84, the amount of 4200 t of the wheat straw based ethanol could be certified as low iLUC risk [78]. Potential advantages and disadvantages of this approach could be summarised as in Table 5, partly taken from the STAR-ProBio project [82].




Method X. Quantification of LIIB Compliant Ethanol from Sugarcane-Cattle Integration Projects


The LIIB Methodology proposes an approach specifically developed for the iLUC risk assessment of sugarcane-cattle integration projects. It considers the integration of residues from sugarcane mills as feed for cattle production. As a result, less land is needed to produce a given amount of feed for the cattle. This land is called equivalent “ILUC avoided” area. Therefore, the annual amount of bioethanol produced from feedstock cultivated on this land can be certified with a low iLUC risk [80]. For example, in a case study conducted in the year 2010, the Estiva sugarcane mill in Brazil produced 144,860 m3 of ethanol and processed 26,472 ha of sugarcane fields. By application of the sugarcane-cattle integration project proposed by Van de Staaij et al. [80], the mill produced 84,865 m3 LIIB compliant ethanol on 12,126 ha equivalent iLUC avoided area [80]. Possible advantages and disadvantages of this approach might be summarised as in Table 5, partly taken from Van de Staaij et al. [80].




Method XI. Estimation of the Theoretical, Sustainable, and Low iLUC Potential at Regional Level


Similar to Method VIII, this approach is based on the LIIB Methodology [80]. Therefore, the approach requires the development of a positive list including the feedstock–region combination of a specific waste or residue stream within a specific region. However, the method differs from the Method VIII as it is designed to assess the low iLUC potential of waste and residue streams at regional level [79]. Spöttle et al. [79] propose a multistep approach based on a study presented by Scarlat et al. [88]. It follows the steps from theoretical to sustainable and low iLUC potential [79]. For example, in a case study for the assessment of the low iLUC potential of cereal straw in EU member states, the theoretical straw potential was determined by the application of the straw to crop yield ratio. After that, this theoretical straw potential was multiplied with the sustainable removal rate in percentage of straw to estimate the sustainable straw potential. To determine the low iLUC potential for straw, alternative uses of the straw, e.g., for animal bedding or fodder in the livestock sector were deducted from the sustainable straw potential. Thus, e.g., for Germany the sustainable straw potential was estimated with 11.6 Mt, the alternative uses with 5.6 Mt, and the resulting low iLUC potential with 6.0 Mt. [79]. Possible advantages and disadvantages of this method could be summarised as in Table 5 based on results of the STAR-ProBio project [82].




Method XII. Regional Low iLUC Risk Potential from Improved Byproducts Integration


The ILUC Prevention project developed a methodology for the regional assessment of the low iLUC risk potential as a result of the application of improvements in the integration of coproducts in the production chain [68]. To comply with the EU Waste Framework Directive 2008/98/EC [89], we propose to use the term byproduct instead of coproduct. The assessment of improved byproducts integration could be realised by an inventory analysis of the byproducts, followed by an assessment of the potential byproducts use and replacement rate of other products [68]. For example, in a case study region in Indonesia, van der Laan et al. [90] evaluated the low iLUC risk potential for the integration of oil palm trunks (OPTs), a byproduct of the palm oil production. The basic idea behind this concept is that OPT plywood could be used as an alternative to softwood from pulp plantations. The result is that in the low (2000 ha), medium (10,000 ha), and high (18,000 ha) scenarios, OPTs could be harvested on a certain proportion of the oil palm plantation area for the production of OPT plywood and then the area could be replanted with oil palms. Potential advantages and disadvantages for determining the regional low iLUC risk potential through improved integration of byproducts could be summarized as in Table 5, based on results of the STAR-ProBio project [82].






3.5. Reduction in Biomass Losses


3.5.1. General Description


The reduction of biomass losses aims at increasing the efficiency of a product value chain in order to provide additional biomass for the production of biofuels or biomaterials. The additional biomass resulting from the reduction of losses could be used directly for the production of biobased products [67]. Table 2 shows two assessment frameworks that address this additionality practice. Table A1 presents characteristics of the reviewed studies that address this additionality practice.




3.5.2. Approach to Determine the Amount of Low iLUC Risk Biomass from the Reduction in Biomass Losses


Method XIII. Regional Low iLUC Risk Potential from Reductions in Biomass Losses


Brinkman et al. [68] present a methodology developed to determine the iLUC risk and to assess the biomass production potential from the reduction of biomass losses within a given region. It is based on the modelling of regional data and allows future projections as a result. The method focuses specifically on the reduction of food waste and food losses in the supply chain. For example, in a case study conducted in a region in Eastern Romania, Brinkman et al. [87] assessed the low iLUC risk potential through reduced agricultural losses. For the baseline scenario, the authors assumed no change in losses. In contrast, the authors defined three different scenarios to estimate the potential under changed conditions. The calculation took into account the assumed mass fractions of the losses in the year 2020. Potential advantages and disadvantages of this method could be summarised as in Table 6.






3.6. Improvements in Livestock Production Efficiencies


3.6.1. General Description


The rationale behind efficiency improvements in livestock production is to increase the productivity per unit area without taking more land into production. Therefore, this additionality practice is based on assumptions similar to those for increasing the production efficiency of existing agricultural crop production systems (compare Section 3.2.2). As Table 2 shows, only the iLUC risk assessment framework developed by Brinkman et al. [68] proposes a description and calculation methodology for this additionality practice. Information on the study of Brinkman et al. can be found in Table A1.




3.6.2. Approach to Determine the Amount of Low iLUC Risk Biomass from Improvements in Livestock Production Efficiencies


Method XIV. Regional Low iLUC Risk Potential from Improvements in Livestock Production Efficiencies


The approach, presented by Brinkman et al. [68], uses modelled data to determine the iLUC risk and to assess the low iLUC risk potential as a result of improved efficiencies in livestock production within a given region. The focus of this approach is on cattle production. A comparison of a baseline scenario with above baseline scenarios is carried out, similar to the approach presented under Method III (compare Section 3.2.2). For example, in a case study in Hungary, Brinkman et al. [85] assessed the low iLUC risk potential as a result of improvements in productivity per animal and animals per hectare, taking into account only grazing cows and sheep. A baseline was established assuming that there is no change in productivity. In contrast, three scenarios were assumed with an average linear increase in yields over a given period in the past (low), the best historical productivity in Hungary (medium) and the highest productivity in the EU27 (high). As a result, so-called surplus land in the low (1630 km2), medium (3870 km2), and high (5170 km2) areas could potentially be used for the production of low iLUC maize. Possible advantages and disadvantages of this method could be summarised as in Table 7.







4. Discussion


4.1. Importance to Develop a Low iLUC Risk Certification for Biobased Products


The discussion about the iLUC risks of feedstock production based on agricultural crops focuses mainly on biofuels. In addition, in a growing BBE, iLUC risks could arise for other biobased products produced from agricultural crops. For example, an increase in demand for biobased plastics represents a huge potential for causing iLUC [91]. Several other studies indicate that the production and consumption of certain biobased products have a huge potential to increase the risk of iLUC [92,93,94,95,96]. It is, therefore, crucial to improve the methodology for determining the environmental impacts of iLUC within a growing BBE [97]. It can be assumed that iLUC increases the overall GHG emissions caused by the production of biobased products [98].




4.2. Recommendations for a Robust and Practical Application of the Identified Additionality Practices in Certification Practice


4.2.1. Applicability and Potential Impacts of the Additionality Practices


Increased Agricultural Crop Yield


We could identify five different additionality practices potentially applicable in certification of low iLUC risk biobased products. One of these practices is increased agricultural crop yield (compare Section 3.2). Our review revealed several approaches to how this practice might be implemented and verified in certification practice. We recommend intensifying the development of the Method V, the moving trendline yield. The rationale for our recommendation is that this approach, on the one hand, could potentially combine the Methods I and II. On the other hand, the method considers especially variations in agricultural yields, e.g., due to varying weather conditions.



Peters et al. [70] presented the Method I and propose an approach where a basic yield for a given year is calculated taking into account production data from the last 10 years of the farm or group of farms. This is in line with suggestions made by Malins [77]. The period of 10 years seems to be adequate to determine a robust yield increase trendline, as proposed by several authors (compare [70,77,78,80]). However, in some cases this period is too short for a robust certification of low iLUC risk feedstock. This is primarily a concern considering the specific yield development within the life span of perennial crops (e.g., oil palm) [77]. In these cases, the period of data collection needs to be adjusted to the specific characteristics of the crop in scope. Malins [77] also recommends the certification of a group of farms and not just a single farm. This can result in lower effort for the auditing process, which could reduce the costs for the certification process, considerably.



For the Method II, Malins [77] suggests to take into account the annual trend yield increase based on regional or national data from the last 10 years of similar farms, as also proposed by Van de Staaij et al. [80] and the RSB [78]. According to Malins [77], especially the local trend of similar producers of the same crop and management methods within a given geographical area has to be considered for the establishment of the baseline yield. On the one hand, this could increase the effectiveness of the certification because the attained yield improvements of the producer proposed to be certified are linked to the overall yield improvements within a certain region. On the other hand, this approach might increase the effort for data gathering for the producer and the auditing process, because the yield data of the other farms needs to be collected.



Furthermore, Malins [77] proposes some adjustments in order to increase the accuracy of the Method I and II. This concerns, for example, the exclusion of extreme yield values in the calculation of the baseline yield. This proposal could require only a negligible higher effort, while it could considerably increase the accuracy of the baseline yield.



So far, however, the Method V seems to be underdeveloped, as it is only published in a comment of the International Council on Clean Transportation (icct) [83]. Therefore, further research is needed to develop a robust and verifiable methodology based on the moving trendline yield. However, in order to be able to certify the increase in agricultural yields effectively in practice, we recommend developing a methodology with as little complexity as possible.



Peters et al. [69] show in a case study region in Italy that the methodology developed by Peters et al. [70] to quantify increased yields in a multicropping system can be successfully applied to produce low iLUC risk biomass. The results imply to intensify the research on how yield improvements of multicropping systems could be verified for low iLUC risk certification.




Biomass Cultivation on Unused Land


We could identify two potential approaches for the assessment of biomass cultivation on unused land (compare Section 3.3.4). The Method VI deals with the harvested amount of feedstock of the plot of land in scope. Whereas, the Method VII takes into account a MYF. The MYF might be appropriate in specific cases. We recommend the development of a methodology based on both approaches. This could include a site-specific assessment tool taking into account remote sensing data and existing land use mapping tools (e.g. the SNV Siting Tool [99] or the Global Risk Assessment Service (GRAS) Tool, available online under www.gras-system.org [100]). The combination with existing tools could reduce the effort for data gathering and increase the comparison of different plots of unused land, as the tools use standardised data sets and land use categories.




Improved Production Chain Integration of Byproducts, Waste, and Residues


For the improved production chain integration of byproducts, waste, and residues, we identified several potentially applicable approaches. Methods VIII and IX seem to be very promising for analysis in possible follow-up studies, as both approaches were developed specifically for the certification of biobased products.



The use of residues has great potential for iLUC-free raw material production [101]. However, we recommend that follow-up studies analyse potential environmental impacts caused by the use of waste and residues as identified by Malins [102].



Although, the Method XI and XII are developed originally for the assessment at regional level, both approaches bear a huge potential to be included within the development of a low iLUC risk indicator. Both methods include a comprehensive and in case studies approved methodology (compare [79,85,87,90]). Especially, based on the Method XII, a methodology could be developed potentially applicable at the feedstock production and biomass conversion stage in the supply chain of biobased products.



Based on the wide range of approaches identified and presented in Section 3.4.2, we recommend a comprehensive analysis of which identified method could be suitable for the certification process, taking into account high effectiveness and low effort for the certification practice. On the basis of the Method X, an additional additionality practice could be developed (compare [77,80]).




Reduction in Biomass Losses


The reduction of biomass losses, especially with the emphasis on food losses in the pre-consumer stages of the production chain (compare Method XIII), could be promising for the development of a low iLUC certification. This is why we propose further research on this topic. For example, food losses are of global importance [103], with enormous potential for biomass supply from loss reductions [104]. A substantial amount of land could be freed up by the reduction of food losses and wastes worldwide [105].




Improvements in Livestock Production Efficiencies


Improvements in livestock production efficiencies could only be applied by farms with other land use activities besides livestock production, preferably the production of agricultural crops [82]. In this way, Method XIV could be adapted to the project level in order to be eligible for certification of low iLUC risk biomass.




Methods Identified for the Product Certification and Regional Assessment


The methods identified to assess the outcome of the additionality practices have been developed for different purposes. On the one hand, we have identified methods that have been specifically developed for the certification of biomass with low iLUC risk. These methods are potentially directly applicable in the certification process of biobased products (compare Method I, II, IV, V, VI, VIII, IX, and X). On the other hand, we identified methods that have been developed for the assessment at the regional level (compare Method III, VII, XI, XII, XIII, and XIV). Although these approaches have been developed for another purpose than certification, the methods could serve as an instrument for regional risk assessment applied by certification schemes. Wicke et al. [67] propose to implement low iLUC risk indicators developed for regional assessment in certification schemes. However, the applicability of these indicators has only been tested in case studies at regional level in Europe [85,87,106] and Indonesia [90]. Peters et al. [70] refer to the option of a regional certification approach that takes into account an entire geographical region. However, the authors do not specify this proposal in detail. El Takriti et al. [71] stress that there are several difficulties in implementing regional low iLUC risk approaches in certification, e.g., the demonstration of additionally produced biomass.



Van de Staaij et al. [80] emphasise that the application of low iLUC risk practices can only be realised within a chain of custody system with physical segregation or mass balance. Peters et al. [70] present a proposal on how low iLUC risk biobased products could be certified under a book and claim chain of custody approach.




Potential Negative Impacts Caused by the Application of Additionality Practices


In a technical report, published by the International Energy Agency (IEA) [107], the authors point out several potential effects that may be caused by the application of some of the additionality practices we have identified. A comprehensive overview of the potential negative effects of unsustainable applications of additionality practices in practice is provided by the STAR-ProBio project [82].





4.2.2. Additionality Demonstration for Credible Low iLUC Risk Certification


According to the RED 2, biomass with low iLUC risk must be produced in addition to usual feedstock production [22]. Therefore, several studies emphasise as a prerequisite for certification the importance of demonstrating that the production of feedstock for biobased products with low iLUC risk is additional compared to a business-as-usual (BAU) case [70,71,75,77,78,80]. The additionality tool of the Clean Development Mechanism (CDM) [108], originally intended to demonstrate additionality in GHG reduction projects, could serve as a model for the demonstration and assessment of additionality [77,84]. Van de Staaij et al. [80] point out that the certification mechanism must be effective, while the transaction costs of the process must be kept at an acceptable level. Therefore, Van de Staaij et al. [80] assess two important aspects, the free-rider potential and the transaction costs. The free-rider potential describes the potential for producers of feedstock for biobased products to be certified, even if they have not produced the feedstock in addition to a BAU case. Thus, the higher the free-rider potential, the less effective the certification system is. In order to analyse the transaction costs of certification, Van de Staaij et al. [80] introduce some proxies, e.g., easy verifiability by an auditor. Common to the approaches proposed by Peters et al. [70] and Van de Staaij et al. [80] is the preparation of an iLUC mitigation plan, which includes how the low iLUC risk biomass is intended to be produced. Malins [77] identifies several key characteristics of a credible certification, e.g., possible solutions to reduce the potential for free-riding and several proxy additionality rules. Furthermore, the author stresses the option to develop an additionality demonstration tool specifically tailored to the purpose of low iLUC risk certification.




4.2.3. Development of Low iLUC Risk Indicators for Sustainability Certification Based on Identified Additionality Practices


Based on the additionality practices identified in our review, we recommend the development of low iLUC risk indicators in follow-up studies. We especially suggest to intensify research activities related to the proposed examples of low iLUC risk indicators presented in Table 8. Furthermore, we present potential approaches and their main characteristics, which seem suitable for the development of the proposed indicators for sustainability certification.



An overview of how a credible indicator-based sustainability certification system could be developed is provided by van Dam et al. [109]. The authors point out recommendations and strategies for a successful implementation as well as limitations in establishing a certification system. Lewandowski and Faaij [110] present a description of how a certification system for sustainable bioenergy trade could be developed, including methods for formulating indicators to measure sustainability criteria, e.g., an indicator must be as specific and quantitative as possible. Meyer and Priess [111] assess the scope and quality of indicators used by certification schemes for bioenergy, forestry, and agriculture. The authors identified several requirements for the assessment of indicators, e.g., reliability and conceptual soundness. The results of the studies give an idea of which key criteria might be suitable for the development of low iLUC risk indicators.



Van Dam et al. [60] highlight the discussion whether and how iLUC could be included in sustainability certification. Amongst others, the authors point out the implementation of so-called promotion measures, which aim to reduce the negative impacts of iLUC [60]. The RSB might be treated as an international standard-setting organisation for low iLUC risk certification [112]. In a proposal for core principles of an iLUC mitigation credit system, such as verification, additionality, and auditing requirements, the authors discuss several iLUC mitigation measures and present recommendations for practical implementation [66]. Achterbosch et al. [113] analyse options for combining bioenergy production and food security with examples and recommendations for the project level. Hence, the additionality practices identified in our review are in line with relevant research and seem suitable for the development of low iLUC risk indicators in sustainability certification.





4.3. Limitations of the Approach


4.3.1. Limitations of the Methodology Applied for this Review


We can present a comprehensive picture of the current state of research on low iLUC risk practices potentially applicable for sustainability certification. However, the reference of the moving trendline yield (compare Method V) does not meet the requirements we have established for the literature under review (compare Section 2.1). This approach was published in a commentary by the icct [83] on the EC Delegated Regulation (EU) 2019/807 [22]. Nevertheless, we include the commentary in our analysis as it is recently published and deals amongst others with a methodology proposed for the certification of low iLUC risks. The approach presented by Spöttle et al. [79] is a tool to identify particularly low iLUC risk EoL streams at regional level and is, therefore, neither directly applicable to certification nor does it deal with different indicators like the other reviewed literature.



The low iLUC risk assessment frameworks presented in our review are mainly based on the LIIB Methodology developed by Van de Staaij et al. [80]. The certification approaches of the RSB [78] and Better Biomass [73] base on this methodology [114]. Furthermore, the proposals of Peters et al. [70] consider several aspects of the LIIB Methodology. In turn, the development of the LIIB Methodology was significantly influenced by the RCA methodology developed by Dehue et al. [75]. The Unused Land Guidance [81] can be grouped between the assessment approaches of the RCA and the LIIB Methodology. In addition, several studies reviewed were prepared by the consulting company ECOFYS Netherlands B.V. (e.g., [70,75,79,80,81]). Due to the close interdependence of the abovementioned approaches, a potential risk exists that the additionality practices and methods identified in our review are very close to each other, leaving less room for other potentially innovative approaches not presented by the studies prepared by ECOFYS. This could be an obstacle to open-ended research. However, in this review, we extend the view to other low iLUC risk assessment approaches to keep this risk as low as possible. Ultimately, we are in line with recently published studies also reviewing low iLUC risk approaches (compare [35,71,77]).




4.3.2. Limitations of the Low iLUC Risk Certification Approach


Although a credibly designed certification can potentially guarantee a certain level of sustainability, measures at the certification level alone are not sufficient to address the problem of iLUC [80]. Therefore, we discuss here how a certification approach could be supported by other policy instruments. The assessment of iLUC should be carried out for all land use sectors and not only for the biofuel sector [31]. Furthermore, certification needs to be complemented by additional measures, such as land use and sustainable land management policies for all agricultural crops at the global level [115]. This may include integrated land use planning activities aimed at preventing undesirable land use changes in all sectors [35]. The certification level could be supported with measures at regional, national, and international level [80]. In developing strategies to reduce the risk of iLUC, institutional structures and technology to increase overall soil productivity and protect soil ecosystem services must be strengthened [116].



The introduction of low iLUC risk biofuels may have the opposite effect as intended, namely an increase in the production of high iLUC risk feedstocks [117]. Several constraints could reduce the effectiveness of practices designed to mitigate LUC effects, e.g., uncertainties related to multipurpose feedstock (bioenergy and other uses) and the unavailability of annual land monitoring, especially for degraded and contaminated land [76]. Chalmers et al. [118] identify limitations and practical challenges that may be associated with the application of several additionality practices that we have investigated.



In a comparison of the LIIB Methodology with the ILUC Project ASsessment Tool (ILUC PAST), the authors identified several constraints of the LIIB Methodology, e.g., that the approach is time and labour intensive due to data collection and the involvement of local stakeholders [119]. However, this might also increase the accuracy of the LIIB approach.






5. Conclusions and Research Demand


We were able to show, among other things, that the modelling of GHG emissions caused by iLUC is carried out with a range of modelling approaches. These include economic models, combinations with Life Cycle Assessment, and approaches based on cause–effect relationships and simplified approaches with historical trend data. However, there are several other approaches to model iLUC effects, such as biophysical and system dynamic models. Based on the results of the different modelling approaches, we conclude on the one hand that iLUC is a key issue for the implementation of policies aimed at increasing the use of biofuels as a means to mitigate climate change. On the other hand, the modelling approaches do not provide clear information on the exact level of GHG emissions caused by iLUC for each biofuel path. Therefore, the EC has published several policies that address options on how to address iLUC of biofuel production. With the implementation of the RED 2 [21], which is supplemented by a delegated regulation [22], the concept of biofuels with high and low iLUC risk was established for the European biofuels market. According to this concept, a biofuel produced from a feedstock with a high iLUC risk, e.g., palm oil, can be certified as low iLUC risk biofuel if the feedstock producer produces the biomass in compliance with certain criteria. These criteria require the application of so-called additionality measures for the production of the biomass with low iLUC risk. Additionality measures include efficiency improvements in the agricultural production system of a biomass producer and the production of biomass feedstock on abandoned or degraded land.



On the basis of a literature review, we contribute to the identification and development of potentially suitable methods for the implementation and verification of additionality measures for certification practice. In the process, we have identified five potential practices for biomass production with low iLUC risk that are likely to be used by market actors. These are (i) increased agricultural crop yield, (ii) biomass cultivation on unused land, (iii) improved production chain integration of byproducts, waste, and residues, (iv) reductions in biomass losses, and (v) improvements in livestock production efficiencies. For each practice, we identified methods for the determination of feedstocks and products with low iLUC risk.



However, several key issues need to be considered for the implementation of the additionality practices in certification practice. It is, therefore, important that the biomass resulting from the application of additionality practices is produced in addition to a BAU case. Therefore, robust certification with low iLUC risk must significantly reduce the potential for free-riding. It is, therefore, necessary to avoid that biomass produced by producers whose feedstock production is not in addition to a BAU case is certified as low iLUC. In order to demonstrate that the biomass is produced in addition to a BAU case, several authors propose to use the CDM additionality tool [108] as a blueprint for developing an additionality tool especially for the low iLUC risk certification (e.g., [77]).



The results of our analysis will be used in follow-up activities, aiming to develop a framework for the assessment of different additionality practices in the context of low iLUC risk certification. The applicability and effectiveness of such an assessment approach will be tested with the help of case studies of biobased products.
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Appendix A. Overview of Reviewed Studies Dealing with Low iLUC Risk Assessment Frameworks


The Table A1 gives an overview of the studies we reviewed. It includes information about the following characteristics of the examined studies: (i) the reason, why the framework was developed; (ii) the application level (from project to regional to global/national level); (iii) the type of feedstock and/or biobased product the framework is dealing with; (iv) the geographical scope of the study, especially in regard to the location of available case studies; (v) whether the framework presents a detailed methodology to quantify potential low iLUC risk feedstocks and/or biobased products; (vi) the type of publication; and (vii) involved funding organisations.





 





Table A1. Overview of reviewed studies dealing with low iLUC risk assessment frameworks. Several characteristics are listed for each study. These include, (i) the motivation to establish an assessment framework; (ii) the level of application, distinguished by project, regional, and global/national level; (iii) the type of feedstock or product in focus; (iv) the geographical scope of the study; (v) the availability of methodologies to quantify the amount of low iLUC risk feedstock/biobased product (Yes/No); (vi) the type of publication (e.g., report, certification scheme document, scientific journal article); (vii) the funding organisations; and (viii) the reference of the analysed document.
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	Study Title
	Motivation
	Application Level
	Feedstock/Product Type
	Geographical Scope
	Quantification Methodology
	Publication Type
	Funding
	Reference





	Sustainably produced biomass for bioenergy and biobased products—Part 1: Sustainability requirements
	Providing possible solutions for market actors to demonstrate that the biomass they use does not lead to iLUC.
	Project
	Bioenergy, biobased products
	Global
	No
	Certification scheme document
	NEN 1
	[73]



	Regional level actions to avoid ILUC—Phase 1
	Identification of measures that can be implemented at regional level to mitigate iLUC and identify possible indicators.
	Regional
	Biofuels
	Subnational regions, countries, or supra-national regions
	No
	Technical report
	UK DfT 2
	[74]



	Methodology for assessing and quantifying ILUC prevention options
	Providing knowledge on how iLUC risks can be mitigated, quantified and regulated.
	Regional
	Biofuels
	Global (with case studies in Poland, Hungary, Romania, Indonesia)
	Yes
	Technical report
	RVO 3, RIZA 4, Commissie Corbey 5, RCI/PoR 6
	[68]



	Responsible Cultivation Areas (RCA)
	Presentation of a workable set of voluntary criteria and a methodology for identifying specific areas and/or production models that can be used for environmentally and socially sustainable energy crop production with the least possible unwanted direct and indirect impacts.
	Project
	Bioenergy, biofuels
	Global
	Yes /No
	Technical report
	BP, Neste Oil, SGSI 7, UK RFA 8, DLPF 9
	[75]



	The Global Bioenergy Partnership (GBEP) Sustainability Indicators for Bioenergy
	Evaluation of the role bioenergy production and use plays in land use and land use change.
	Global/

National
	Bioenergy
	Individual countries, globally
	No
	Technical report
	BR 10, DE 11, IT 12, NL 13, UK 14, USA 15, FAO 16
	[76]



	Risk management—Identifying high and low ILUC-risk biofuels under the recast Renewable Energy Directive
	Amongst others, the presentation of suggestions for an effective scheme for certifying low iLUC risk projects as it is established by the recast of the RED 17.
	Project
	Biofuels
	Global
	Yes /No
	Technical report
	T&E 18
	[77]



	Methodologies for the identification and certification of Low ILUC risk biofuels
	Proposal of methodologies to identify and demonstrate additional low iLUC risk biofuel feedstock production.
	Project
	Biofuels
	Global
	Yes
	Technical report
	EC 19
	[70]



	RSB 20 Low iLUC Risk Biomass Criteria and Compliance Indicators
	Presentation of the role of individual producers in preventing indirect impacts and development of a mechanism to promote biofuels with a lower risk of causing negative indirect impacts.
	Project
	Biofuels and biomaterials
	Global
	Yes
	Certification scheme document
	RSB 20
	[78]



	Low ILUC potential of wastes and residues for biofuels
	Assessment of the potential in the EU21 of wastes and residues with a low iLUC risk that can be used for biofuel production.
	Regional
	Biofuels from waste and residues
	EU 21 Member States and USA 15, China, Indonesia, Argentina
	Yes
	Technical report
	BMUB 22, UBA 23, FNR 24, RIZA 4, DEA 25
	[79]



	Low Indirect Impact Biofuel (LIIB) Methodology
	Presentation of a methodology for distinguishing biofuels with a low risk of unwanted indirect effects (LIIB), developed as an independent module that can be added to existing certification schemes and supports biofuel policy.
	Project
	Biofuels
	Global (with case studies in Brazil, Indonesia, Mozambique, South Africa)
	Yes
	Technical report
	BZ 26, NL Agency
	[80]



	Unused Land Guidance
	Guidance for producers of bioenergy feedstock to assess whether a certain piece of land was unused prior to project implementation with the aim of avoiding indirect impacts.
	Project
	Bioenergy
	Global
	No
	Technical report
	NL Agency
	[81]







1 Netherlands Standards Institute; 2 United Kingdom Department for Transport; 3 Netherlands Enterprise Agency; 4 Dutch Ministry of Infrastructure and the Environment; 5 Dutch Sustainable Biomass Commission; 6 Rotterdam Climate Initiative/Port of Rotterdam; 7 Shell Global Solutions International; 8 United Kingdom Renewable Fuels Agency; 9 David and Lucile Packard Foundation; 10 Brazil; 11 Germany; 12 Italy; 13 The Netherlands; 14 United Kingdom; 15 United States of America; 16 Food and Agriculture Organization of the United Nations; 17 EU Renewable Energy Directive; 18 Transport and Environment; 19 European Commission; 20 Roundtable on Sustainable Biomaterials; 21 European Union; 22 German Federal Ministry for the Environment; 23 German Federal Environment Agency; 24 German Fachagentur Nachwachsende Rohstoffe; 25 Danish Energy Agency; 26 Dutch Ministry of Foreign Affairs.
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Figure 1. Timeline of EU policies dealing with indirect land use change (iLUC) and relevant iLUC modelling approaches (1 Renewable Energy Directive [17], 2 Report from the Commission on indirect land-use change related to biofuels and bioliquids [18], 3 [23], 4 [19], 5 Commission Staff Working Document Impact Assessment [24], 6 [25], 7 [20], 8 Renewable Energy Directive 2 [21], 9 [22]). 
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Figure 2. Land use change (LUC) modelling approaches with main characteristics based on results of Daioglou et al. [31] and examples. 1 [19,36,37]; 2 [38,39]; 3 [40]; 4 [20]; 5 [26]; 6 [41]; 7 Consequential Life Cycle Assessment; 8 [42]; 9 [43]; 10 [44]; 11 [45]; 12 [46]; 13 [16]; 14 [47]. 
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Figure 3. Overview of iLUC emission factors in g CO2e MJ−1 biofuel according to a sample of modelling approaches (CGE: Computable General Equilibrium Model; PE: Partial Equilibrium Model; Hybrid-LCA: Hybrid-Life Cycle Assessment; CDM: Causal-Descriptive Model; SDM: Simplified Deterministic Model; OM: Optimization Model). Conventional biofuels are made from food and feed crops. Advanced biofuels are made from nonfood and nonfeed crops. Every point represents a data value in the literature. 
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Figure 4. Timeline of the iLUC risk related development of the EU’s biofuels policy frame from the year 2009 to 2020 with relevant aspects of each policy for the consideration of low iLUC risks and sustainability certification (1 Renewable Energy Directive (RED) [17]; 2 Fuel Quality Directive (FQD) [53]; 3 [25]; 4 Renewable Energy Directive 2 (RED 2) [21]; 5 [22]). 
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Figure 5. Identified additionality practices and potential approaches for implementation and verification in sustainability certification of low iLUC risk biobased products. 
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Table 1. Keywords for the literature review grouped into three thematic blocks.
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	Block 1
	Block 2
	Block 3





	“iluc risk”
	biomass
	certify *



	“indirect land use change risk”
	bioenergy *
	assess *



	“low indirect impact”
	biofuel *
	indicat *



	
	biobased *
	method *



	
	bio-base *
	







The asterisk (*) is used to find variations with fewer search terms. For example, certif* is used to find literature including either certification, certify, certified, etc. or all variations matching this term.













 





Table 2. Overview of identified potential additionality practices from the reviewed studies dealing with low iLUC risk assessment frameworks.
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	Better Biomass [73]
	Brander et al. [74]
	Brinkman et al. [68]
	Dehue et al. [75]
	GBEP 1 [76]
	Malins [77]
	Peters et al. [70]
	RSB 2 [78]
	Spöttle et al. [79]
	Van de Staaij et al. [80]
	Van de Staaij et al. [81]





	Increased yield 3
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	



	Unused land 4
	X
	X
	X
	X
	X
	X
	X
	X
	
	X
	X



	Chain integration 5
	X
	
	X
	X
	X
	X
	
	X
	X
	X
	



	Loss reduction 6
	
	X
	X
	
	
	
	
	
	
	
	



	Livestock efficiencies 7
	
	
	X
	
	
	
	
	
	
	
	







1 Global Bioenergy Partnership; 2 Roundtable on Sustainable Biomaterials; 3 Increased agricultural crop yield; 4 Biomass cultivation on unused land; 5 Improved production chain integration of byproducts, waste, and residues; 6 Reduction in biomass losses; 7 Improvements in livestock production efficiencies.













 





Table 3. Potential advantages and disadvantages of the Method I, II, III, IV, and V.
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Method I 1

	
Method II 2

	
Method III 3

	
Method IV 4

	
Method V 5






	
Advantage

	
Little calculation effort for reference yield.

	
Little calculation effort for baseline yield.

	
Projects a bandwidth of annual yield growth.

	
Avoidance of the yield variations problem.

	
Certification achievable in years with less yield.




	
Simply applicable approach.

	
Simply applicable approach.

	
Large amount of input data increases reliability of baseline yields.

	
Crediting is guaranteed, while incentive to maximise yields remains.

	
Avoidance of over-crediting in years with unusually high yields.




	
Reference yield could be calculated with common computer programs.

	
Baseline yield could be calculated with common computer programs.

	
High comparability of results due to the use of established models.

	
Transparent crediting for producers.

	
Simple calculation approach, by combining Method I and II.




	
Little effort in gathering on-farm yield data.

	
Little effort in gathering on-farm yield data.

	
Regional data is usually publicly available.

	

	




	

	
Baseline yield determined with yields of operator and similar farms.

	
Comprehensive and in case studies approved methodology.

	

	




	
Disadvantage

	
Risk for free-riding, due to on-farm yield based trendline reference.

	
Risk in over-crediting the effectiveness of specific improvements.

	
Modelling bases on assumptions and is not applicable in all cases.

	
High effort to assess successfully implemented yield improvement plan.

	
High effort due to the annual recalculation of the trendline yield.




	
Trend could be over- or underestimated.

	
Trend could be over- or underestimated.

	
High effort in calculation of reference yield.

	
Persistent crediting could decrease incentives for yield maximisation.

	
High effort in gathering data of similar producers.




	
Risk in over-crediting the effectiveness of specific improvements.

	
High effort in gathering data of similar producers.

	
Need for potentially expensive model software.

	

	
No comprehensive and experimentally proven methodology.




	

	

	
Uncertainty in modelled future projections.

	

	








1,2 Partly taken from [77,80,82], 3 taken from [82], 4 taken from [77], 5 taken from [82,83].













 





Table 4. Potential advantages and disadvantages of Method VI and VII.
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Method VI 1

	
Method VII 2






	
Advantage

	
Little calculation effort.

	
Marginal yield factor (MYF) considers potentially lower yields on unused land plots.




	
Usually, actual yields and plot sizes are known by a farm.

	
Regional data is usually publicly available.




	
Transparent and comprehensive methodology.

	
Comprehensive and in case studies approved methodology.




	

	
Reduction of uncertainties due to scenario analysis.




	
Disadvantage

	
Considers ex-post harvested feedstock amounts, no future projections.

	
High uncertainties due to the use of rough estimations of the MYF.




	
Yields from unused land could only be determined after conversion to agricultural land.

	
Input model data might be not suitable for use as farm specific data.




	

	
Much effort to model projected yields and to consider different MYFs.




	

	
High uncertainties to estimate projected yields of the future.








1,2 Taken from [82].













 





Table 5. Potential advantages and disadvantages of Method VIII, IX, X, XI, and XII.
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Method VIII 1

	
Method IX 2

	
Method X 3

	
Method XI 4

	
Method XII 5






	
Advantage

	
Increase in accuracy by regarding partial uses of an end-of-life (EoL) stream.

	
Simple calculation methodology.

	
Little effort for data gathering due to available data of the sugar mill.

	
Clear allocation of an EoL stream to a region.

	
Combines the theoretical and sustainable potential.




	
High transparency due to the positive list.

	
Producer usually knows input–output variables.

	
Especially developed for certification.

	
High transparency due to the positive list.

	
Universally applicable calculation methodology.




	
High flexibility due to periodically updates of the positive list.

	
Potentially reduced costs for certification process, compared to low indirect impact biofuel (LIIB).

	
Approach is successfully tested in sugar mills of different scale.

	
Approved methodology for the theoretical and sustainable potential.

	
Comprehensive methodology.




	
Less input variables need to be known.

	
Less input variables need to be known.

	
Interconnection between feedstock production and processing.

	
Simple calculation methodology.

	
Applicable at different supply chain stages.




	
Clear allocation of an EoL stream to a region.

	

	

	

	




	
Disadvantage

	
Potential high costs to maintain periodically updated positive list.

	
Less accurate in regard to partly used and disposed regional EoL streams.

	
Developed and tested only in case studies of sugarcane ethanol.

	
The step to calculate low iLUC potential differs for each crop-residue.

	
High effort to calculate the amount of low iLUC risk byproducts.




	
Much effort to develop the positive list.

	
Less transparency, due to no positive list exists.

	
High effort due to several calculation steps.

	
No universally applicable calculation methodology.

	
Many input variables need to be known.




	
Less flexibility, because only feedstock from positive list is certifiable.

	
Only applicable, if no other uses of the EoL are in place in the region.

	

	
Methodology originally not developed for certification.

	
Methodology originally not developed for certification.




	

	

	

	

	
Several input-variables are potentially beyond the control of an operator.








1,2 Partly taken from [82], 3 partly taken from [80], 4,5 taken from [82].













 





Table 6. Potential advantages and disadvantages of Method XIII.
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	Advantage
	Disadvantage





	Comprehensive methodology.
	Modelling based on assumptions and is therefore not applicable in all cases.



	In case studies approved methodology.
	Possibly high effort to collect disaggregated data on each stage of the supply chain.



	Applicable at different supply chain stages.
	Methodology originally not developed for certification.



	Parts of the methodology are especially developed for the pre-consumer biomass losses and therefore potentially applicable in certification.
	







Own elaboration.













 





Table 7. Potential advantages and disadvantages of Method XIV.
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	Advantage
	Disadvantage





	Comprehensive methodology.
	Many input variables needs to be known.



	In case studies approved methodology.
	High complexity and effort in calculation methodology.



	Projects a bandwidth for improved cattle density and/or productivity.
	Only applicable for certification by farms cultivating agricultural cropland in addition.



	
	Methodology originally not developed for certification.



	
	High risk of environmental impacts and harm of animal welfare due to livestock production intensification.







Own elaboration.













 





Table 8. Examples of promising low iLUC risk indicators for sustainability certification based on identified additionality practices and potential approaches for implementation and verification.
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Low iLUC Risk Indicator

	
Method

	
Main Characteristic






	
Improved yield 1

	
Method I

	
Determines the trendline yield of the farm proposed to be certified.




	
Method II

	
Determines the baseline yield based on yields of similar farms within a certain geographical area.




	
Method IV

	
Considers yield variations and credits low iLUC risk biomass based on the successful implementation of a yield improvement plan and the obtained yields.




	
Method V

	
Considers yield variations and could potentially combine the Method I and Method II.




	
Unused land 2

	
Method VI

	
Determines low iLUC risk biomass from the cultivation of former unused land based on the yield and size of the unused land plot.




	
Method VII

	
Introduces a MYF to consider potential reduced yields on the former unused land plot.




	
Chain integration 3

	
Method VIII

	
Establishes a positive list based on identified specific feedstock–region combinations and considers potential partial uses of the EoL product.




	
Method IX

	
Establishes a simple input–output analysis based on identified low iLUC risk feedstock (input) and manufactured biobased products (output).




	
Method X

	
Establishes the direct interconnection between the feedstock production, the production of biobased products and the use of byproducts within a defined geographical area.




	
Method XII

	
Considers the stage of feedstock production and biomass conversion in the supply chain of biobased products.








1 Improved agricultural crop yield, 2 Biomass cultivation on unused land, 3 Improved production chain integration of byproducts, waste, and residues.
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