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Bioeconomy and SDGs: Does the Bioeconomy Support
the Achievement of the SDGs?
Tobias Heimann1

1Kiel Institute for the World Economy, Kiel, Germany

Abstract This paper evaluates how bioeconomy activities, stated in the concepts of the European Union,
Organisation for Economic Co-operation and Development, and the German government, potentially affect
the targets of the Sustainable Development Goals (SDGs). The aim of the bioeconomy is to substitute the
use of fossil resources by renewable resources, while the SDGs set targets for a holistic sustainable global
development. A literature-based influence analysis on empirical studies is employed to derive three
bioeconomy scenarios (business as usual, bioeconomy, and sustainable bioeconomy) and to quantify their
effects on the individual SDG targets. It is shown that the bioeconomy scenario has positive as well as
negative effects on the SDG targets. While targets for cleaner industrial production are strongly supported,
socioeconomic targets are subject to mixed effects and environmental targets significantly hurt. This paper
outlines which SDGs need special attention when implementing a bioeconomy according to the
above-mentioned concepts. The results add to the debate on SDG trade-offs and on the substitutability of
SDG targets. Without regulations, policies, and investments ensuring sustainability, or in case the
substitutability of SDG targets is not allowed, the bioeconomy concepts have the potential to jeopardize the
achievement of several SDGs. In contrast, the sustainable bioeconomy scenario assumes strong sustainability
measures that reveal the extensive potential of the bioeconomy to support the achievement of the SDGs.

Plain Language Summary This research analyses if the actions planned in the bioeconomy
concepts of the OECD, EU and German government support the achievement of the Sustainable
Development Goals (SDGs) formulated by the United Nations. The SDGs consist of 17 goals covering nearly all
aspects for a sustainable global development, like poverty reduction or marine ecosystem protection. In
contrast to the unique SDGs, there are several bioeconomy concepts which are formulated individually by
countries and international organizations, defined according to their political agendas. On the baseline all
bioeconomy concepts have the common target to substitute fossil resources by renewable resources.
However, the implementation of the bioeconomy concepts by several economic powerful countries will have
large effects on the global development. This study analyses how those effects will potentially affect the
achievement SDGs. The challenge thereby is to account for the multidimensionality of the bioeconomy
concepts and the SDGs. The results of this research shall enable policymakers and researchers to identify
critical bioeconomy SDG relations, in order to conduct further research on these critical aspects, and to adjust
the implementation of the bioeconomy so that it does not constrict the achievement of the SDGs.

1. Introduction

Mankind is still unsustainably consuming natural resources and services, beyond rates at which these
resources can reproduce, regrow, and regenerate, exerting thereby increasing pressures on climate, ecosys-
tems, habitats, and biodiversity (Global Footprint Network, 2016). Yet the role of the environment and natural
resources for development, wealth, and particularly poverty reduction has remained poorly acknowledged in
national and international policy designs so far (Griggs et al., 2013). A tipping or even turning point toward
the design of more sustainable national and international policies could be the 2030 Agenda for
Sustainable Development. These Sustainable Development Goals (SDGs) have been adopted by the United
Nations General Assembly in September 2015 and consist of 17 goals containing 169 specific targets
(United Nations, 2015).

The global SDG framework has not been implemented into a white spot of the global policy landscape but
interacts with various existing regulations and initiatives at the regional, national, and supranational levels.
One prominent example for an already existing regulatory framework relates to the development and
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intensification of the bioeconomy. In contrast to the unique SDGs, there are several bioeconomy concepts
that are formulated individually by countries and international organizations, defined according to their poli-
tical agendas (Food and Agriculture Organization [FAO], 2016; Staffas et al., 2013). The German government
defines its bioeconomy concept “as a sustainable bio-based economy oriented on the natural life-cycle of
materials which can provide us with high quality products from natural resources and sufficient healthy food
to satisfy the global demand” (Bundesministerium für Bildung und Forschung [BMBF], 2010, p. 3). According
to the European Union (EU) “the bioeconomy encompasses the production of renewable biological resources
and their conversion into food, feed, bio-based products and bioenergy” (European Commission, 2012, p.5),
whereas the Organisation for Economic Co-operation and Development (OECD, 2009, p. 22) thinks of a bioec-
onomy “as a world where biotechnology contributes to a significant share of economic output.” Notably, sus-
tainability is addressed in the concept papers of the EU and the German government, while the OECD
strongly considers the bioeconomy as a driver for economic growth. However, even in the concepts of the
EU and Germany, the commitment to ensure sustainability of the bioeconomy remains vague, raising the
highly relevant research question to which extend exiting bioeconomy policy frameworks are in line with
the achievement of the SDGs. Here we present a literature-based scenario analysis to approach this question
and to assess to which extent the bioeconomy concepts of the EU (European Commission, 2012), the OECD
(2009), and the German government (BMBF, 2010; Bundesministerium für Ernährung und Landwirtschaft
(BMEL), 2014) support the achievements of the SDGs, identifying meanwhile key requirements to make
bioeconomy development sustainable.

The sustainability of bioeconomy policies has been already discussed in the literature (Birch et al., 2010;
Global Bioeconomy Summit [GBS], 2015; Juerges & Hansjürgens, 2016; Pfau et al., 2014; Sheppard et al.,
2011; Smolker, 2008). These studies and reports mainly criticize that measure and strategies ensuring sustain-
ability are missing in most of the bioeconomy concepts. The final report of the GBS (2015) distinguishes
between bioeconomy and sustainable bioeconomy. The authors argue that for achieving a sustainable bioec-
onomy, the planet’s natural capital needs to be improved and that besides technological also social innova-
tions are crucial (GBS, 2015). This statement underlines that measuring the effects of the transition toward
bioeconomy requires particular evaluation over their sustainability, especially regarding social and ecological
implications. Moreover, while imagining a society based on renewable resources, it is important to remember
that renewable resources like biomass must be given the time and opportunity to renew; thus, they must be
managed sustainable (Zilberman et al., 2013). Pfau et al. (2014) argue that the bioeconomy concepts are not
already sustainable by default. They emphasize that the main goals are rather the reduction of the depen-
dence on fossil resources, followed by reducing greenhouse gases emissions and the carbon footprint.
Policymakers anticipate the increasing price and environmental risks of resource extraction, as well as the
dependence on potentially geopolitical unstable regions, where the remaining resources are predominantly
located (Pfau et al., 2014). Thus, from their point of view the primary motivation for establishing a
bioeconomy is political and economic and then environmental. While the final report of the GBS already
acknowledges the potential of the bioeconomy to support the achievement of some SDGs, the other studies
analyze the sustainability of bioeconomy policies in general, using different sustainability concepts
and definitions.

Accordingly, this paper goes beyond these studies by directly analyzing the relationship between bioecon-
omy policies and the SDGs, which, in turn, provide the first global political approval of sustainable develop-
ment. Most closely related to this study is the work of El-Chichakli et al. (2016). They briefly describe which
SDGs might be positively affected by the bioeconomy and provide policy recommendations for supportive
measures. However, the policy recommendation only scratches on the surface of the bioeconomy SDG rela-
tion and is not based on a systematic literature research. This study analyses the magnitude and relevance of
the effects from bioeconomy activities on SDG targets and indicates which effects strongly support or jeopar-
dize the achievement of the SDGs. It adds to the literature by identifying the most negative and positive
effects of a bioeconomy and delivers a foundation for discussions on the sustainability of the bioeconomy
as well as for optimizing the bioeconomy concepts to minimize their negative effects on SDG targets.
Thus, the results of this work can be used as a guideline for policymakers to concentrate their efforts on
the most important issues that may emerge from implementing the bioeconomy concepts.

The just mentioned bioeconomy activities are measures that are conducted to achieve the aims of the bioec-
onomy, according to the respective concepts of institutions and governments. Considering the aims, the
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bioeconomy concepts and SDGs are overlapping in some aspects, and some aims of the bioeconomy activ-
ities are complementary or even identical to SDG targets. However, the bioeconomy activities can enable as
well as hinder the achievement of SDG targets, especially by triggering trade-offs with SDG targets whose
aspects are not considered in the bioeconomy concepts. In order to evaluate if the bioeconomy activities sup-
port or contradict the SDGs, each level of activities needs to be considered. As an example, consider the three
connected aspects: increased biomass production (aim), farm productivity (aim), and use of marginal land
(activity). Increased biomass production can have income and job market effects, while increased farm pro-
ductivity may have, among others, income and environmental effects, and the use of marginal land can have
negative effects for the local population and biodiversity. Thus, all three aspects are complementary but
affect different SDGs. Moreover, the use of marginal land is only one of many possible activities to achieve
the aim of increased biomass production, and the effects on the SDG targets from other activities may differ
significantly. An important asset of this study is that it takes into account various activities for each major aim
of the bioeconomy concepts and evaluates their potential effect on the respective SDGs.

A literature-based scenario analyses is employed, because econometric approaches and computable general
equilibrium models are unable to cover such a wide range of dimensions that must be considered to draw a
holistic picture of the bioeconomy effects on the SDGs. Up to now, comparable quantitative evaluations cap-
ture only a limited number of dimensions, concentrating on, for example, food security, productivity and land
use change (Delzeit et al., 2018), or water (Howarth, 2008), or changes in biodiversity (Sheppard et al., 2011).
To provide a multidimensional overview on the different affected SDGs, this study bundles the results of
quantitative evaluations dealing with the respective dimension of the SDGs. Such a holistic approach, in
terms of SDG dimensions, has not yet been conducted by econometric or computable general equilibrium
approaches due to missing data as well as due to the complexity of the required multidimensional models.
However, this study delivers a summary of the potential effects and can be used as a foundation for the selec-
tion of dimensions and the design of scenarios for future quantitative analyses.

This paper is structured as follows. Section 2 explains the literature-based scenario analysis where we use the
bioeconomy definition of the German government, the EU, and the OECD to define our scenario space.
Section 3 presents the results, discussing for the SDGs 1 to 3, 6 to 9, and 12 to 15 the interaction with the
bioeconomy and the implication of the different bioeconomy policy scenarios. Section 4 brings about the dis-
cussion and the conclusion.

2. Method

This ex ante evaluation is based on a review of scientific literature. The bioeconomy concepts are not yet fully
implemented, and data on effects of bioeconomy activities are not available. However, several measures that
are considered to be used for the bioeconomy have been implemented individually, and research on the
effects of these measures already exists. Furthermore, scholars, governments, and international organization
have published their anticipation of effects from bioeconomy activities (BMBF, 2010; BMEL, 2014; Deininger,
2013; European Commission, 2012; FAO, 2016; GBS, 2015; Levidow et al., 2012; Zilberman et al., 2013). Since
this paper does not claim to judge on the probability that those expectations occur, all well-grounded expec-
tations are included. The literature review collects papers with information on effects resulting from potential
bioeconomy activities on aspects that are considered in the SDG targets. However, in rare cases the evidence
for the same measure differs, which may have various reasons, such as different study design, study area, or
estimation techniques. One study may find a significant evidence for an effect and another does not. Since
only high-level papers are included, it is assumed that the evidences in the papers are valid. Only if a majority
of the high-level papers make strong arguments rejecting the evidence for an effect, the effect is excluded.

For the literature-based influence analysis, the scientific search engine Web of Science is employed. A list of
search words can be found in the supporting information. Among the identified articles, articles from journals
ranked at least in the second quartile of their Journal Citation Reports categories were selected for the review
of influences. In addition, articles and reports cited within these initially selected articles were also consulted.
Table 1 provides an overview on the literature consulted for the evaluation of the bioeconomy considering
the respective SDGs.

To examine the effects of bioeconomy activities on the SDGs, one needs to acknowledge which SDGs are
relevant. This way, based on the literature review it is possible to analyze which targets of the various SDG
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are potentially affected by the actions and plans stated in the concepts of EU, OECD, and the German
government. Based on this analysis, the goals 1 to 3, 6 to 9, and 12 to 15 were identified to be influenced
by bioeconomy activities (Figure 1). The goals No Poverty, Zero Hunger, and Decent Work and Economic
Growth (SDGs 1, 2, and 8, respectively) are affected by the socioeconomic outcomes of the bioeconomy.
The bioeconomy affects the job market, the agricultural commodity market, and agricultural activities in
general. Therefore, employment, food security, and poverty need to be considered, as reflected by these
three goals. The goal Good Health and Well-Being (SDG 3) is, among others, affected by investments into
biotechnology research promoted by the bioeconomy concepts. According to the OECD, in 2009 about
80% of biotechnology research investments by private and public sector went to health applications
(OECD, 2009). Clean Water and Sanitation, Climate Action, Life below Water, and Life on Land (SDGs 6, 13, 14,
and 15, respectively) are affected by the ecological dimensions of the bioeconomy. They capture the
effects of industry and agriculture on water, the atmosphere, the oceans, and land. Finally, the SDGs
Affordable and Clean Energy, Industry, Innovation and Infrastructure, and Responsible Consumption and
Production (SDGs 7, 9, and 12, respectively) reflect the bioeconomic production of goods and energy,
relating in turn to the sustainable use of global resources in general. Summarized, the SDG bioeconomy
relations can be bundled into three groups, with a socioeconomic, ecological, and industrial and economic
dimension, whereby health is sorted to the socioeconomic dimension.

2.1. Quantification Method

For the quantification of the potential bioeconomy effects on SDGs, twomajor challengesmust be addressed:
(i) Themagnitude of the effects on the SDGs is highly sensitive and depends on how the bioeconomy is imple-
mented, and (ii) theweak definition of bioeconomymeasuresmakes it very difficult to evaluate their outcomes.
As an example, the EU states that “The goal is to provide agriculture and forestry with the required knowledge
and tools to support productive, resource-efficient and resilient systems that supply food, feed and other
bio-based raw-materials without compromising ecosystems services, while supporting the development of
incentives and policies for thriving rural livelihoods” (European Commission, 2012, p. 19). The statement
declares ambitious goals but remains silent on how to achieve them. There are various applicable modern
agricultural techniques, like sustainable intensification, conservation agriculture, or precision agriculture,

Table 1
Literature used for evaluation by SDGs

SDG Literature

SDG 1 Cotula et al. (2008); Landis et al. (2008); OECD (2009); Varshney et al. (2011); EU (2012); McMichael (2012);
Tscharntke et al. (2012); Deininger (2013); Hertel et al. (2013); Swinnen and Riera (2013); BMEL (2014);

SDG 2 Moschini and Lapan (1997); Johns and Eyzaguirre (2007); Cotula et al. (2008); Danielsen et al. (2009); Landis
et al. (2008); Smolker (2008); OECD (2009); Stein (2010); Tilman et al. (2009); Blakeney (2011); Meenakshi
et al. (2010); Banward (2011); Chappell & LaValle (2011), Varshney et al. (2011); Sheppard et al. (2011); EU
(2012); McMichael (2012); Tscharntke et al. (2012); Deininger (2013); Hertel et al. (2013); Swinnen and
Riera (2013); BMEL (2014); Lewandowski (2015); Juerges and Hansjürgens (2016)

SDG 3 Alavanja et al. (2004); Kamel & Hoppin (2004); McCauley et al. (2006); OECD (2009); Jamaludin et al. (2013);
BMEL (2014); Global Bioeconomy Summit (2015); Rojas Fabro et al. (2015); Wongsanit et al. (2015); &
Larsen and Noack (2017)

SDG 6 OECD (2009); Robertson and Vitousek (2009); Smaller and Mann (2009); Cotula (2011); Gheewala et al. (2011);
Moraes et al. (2011); Raghu et al. (2011); EU (2012); Deininger (2013); Rosegrant et al. (2013); Zilberman et al.
(2013); BMEL (2014)

SDG 7 OECD (2008); OECD (2009); EU (2012); BMEL (2014); Bruckner et al. (2014)
SDG 8 Grossman & Krueger (1995); Stern (2004); Cotula et al. (2008); Deininger (2013); OECD (2009); EU (2012);

McMicheal (2012); BMEL (2014)
SDG 9 Cotula et al. (2008); Deininger (2013); OECD (2009); EU (2012); BMEL (2014)
SDG 12 OECD (2009); Giljum et al. (2011); EU (2012); Galli et al. (2012); BMEL (2014); Hoekstra and Wiedmann (2014)
SDG 13 Danielsen et al. (2009); Fargione et al. (2008); Searchinger et al. (2008); Kim et al. (2009); OECD (2009); Varshney

et al. (2011); EU (2012); BMEL (2014); UN (2015)
SDG 14 Beman et al. (2005); Howarth (2008); OECD (2009); Robertson and Vitousek (2009); EU (2012); BMEL (2014)
SDG 15 Beman et al. (2005); Cotula et al. (2008); Howarth (2008); OECD (2009); Robertson and Vitousek (2009); Banward

(2011); Ferdinands et al. (2011); Raghu et al. (2011); Sheppard et al. (2011); Chappell and LaValle (2011); EU
(2012); Deininger (2013); Hertel et al. (2013); BMEL (2014); Lewandowski (2015); Juerges and Hansjürgens
(2016)
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each having its advantages and disadvantages. To evaluate the potential effect of the bioeconomy on the
SDGs, the outcomes of all those possible approaches must be considered in course of this analysis.

Thus, since there are different possibilities for an implementation of a bioeconomy, three scenarios are
employed. Scenario 1 describes the business as usual (BAU) without any implementation of the bioeconomy
concepts. The demand for biomass would only grow according to population growth and anticipated prefer-
ence changes through increased incomes. Also, investments into biotechnology, cleaner industries, environ-
mental protection, and climate change mitigation remain to have a constant share of total investments.

The bioeconomy (BE) scenario is based on the concepts of the EU and OECD (European Commission, 2012;
OECD, 2009). In terms of biomass, demand would increase much stronger than in the BAU scenario, but no
further sustainability measures are employed. As a result, in the BE scenario, both positive and negative
effects of biomass demand become more intense compared to the BAU scenario. Therefore, in line with
the bioeconomy concepts, investments into biotechnology, cleaner industries, and climate change mitiga-
tion are strongly promoted and supported.

The sustainable bioeconomy (SBE) scenario is similar to the BE scenario, but sustainability measures and reg-
ulations are additionally implemented, which particularly dampen the negative effects of increased biomass
demand. Some sustainability aims are taken from the concept of the German government (BMEL, 2014), but
since this concept is still neglecting serious issues, further sustainability aims and measures from the litera-
ture review are considered. It needs to be noted that the sustainable bioeconomy draws an idealized sustain-
able world in which global regulations and measures ensuring the sustainability of the bioeconomy activities
would be in place.

To evaluate the potential effect of the three scenarios on the SDGs, the following steps are taken:

1. Determine the base value. The effects of the bioeconomy activities are taken from the literature and
matched to the respective targets of the SDGs. Those effects receive a base value denoting the relevancy
of them for the SDG targets. The classification of the base values is illustrated in Figure 2. The scale is
related to the work of Nilsson et al. (2016).

2. Determine the scenario value. The second dimension accounts for the magnitude of the effect in each of
the three scenarios. Thereby, the magnitude of this scenario value takes an integer between 0 (no effect)
and 3 (strong effect). The scale is selected due to the possibility to assign a different nonzero level to each

Figure 1. Sustainable Development Goals affected by bioeconomy activities. Blue arrow: socioeconomic targets; green
arrow: ecological targets; red arrow: clean industry and economic targets.
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of the scenarios. Further, it is important to note that an effect can be related to multiple targets, and one
target can be subject to multiple positive and negative effects.

Equations (1) and (2) describe the calculation of the effect score for one SDG (Esg) by adding the average posi-
tive and average negative effect for this specific SDG. Equation (3) calculates impact factor over all SDGs. The
equations are as follows:

Evsg ¼ 1
Nvsg

∑Base valuei;vsg�Scenario valuei;vsg for v ¼ p; cf g; (1)

Esg ¼ Epsg þ Ecsg; (2)

Es ¼ ∑Ng¼1Epsg þ ∑Ng¼1Ecsg; (3)

where i indicates the effect; p denotes a positive effect; c, a negative effect; s, the scenario; and g, the respec-
tive SDG. One of the core principles of the SDGs is equal weighting of all SDGs (UN, 2015). This principle does
not allow the weighting of the mean, and consequently, by adding up the average effects of the SDGs in
equation (3), each SDG is weighted the same in the overall evaluation. However, the data in the supporting
information allow the reader to assign weights to the SDG targets and produce alternative results.

When assigning the scenario and base values, taking the arithmetic mean increases the robustness of the
evaluation to subjectivity and assumption errors. Compared to sums or sum of squares, adding and dropping
an effect or changing the values brings only comparable small variations if the number of included values is
sufficient large. The arithmetic mean is preferred to the geometric mean because the numeric range is the
same for each effect, and the focus is on absolute changes not changes in rates. Since the base value and
the scenario value are ordinal data, the usual recommended measure are quantiles, such as the median.
For ordinal data, quantiles have the advantage that they can be interpreted by categories. However, in this
evaluation the effect score is not interpreted categorical but is an indicator for the tendency of the aggre-
gated effect of the bioeconomy. For this purpose the mean has shown to be more practical than the median,
since the median tends to neglect extreme values that are relevant for this evaluation. As a result, this can
lead to dubious conclusions. To demonstrate this point, two alternative calculations employing the median
as measure can be found in the data set.

Calculating and adding the average positive and average negative effects, as in equations (1) and (2), also
bears two shortcomings. First, one strong effect becomes extenuated by including many weak effects when
calculating the averages in equation (1). This is a high-priced trade-off for the sake of robustness. Second, if
the number of positive and negative effects per SDG is neglected when calculating the effect score in equa-
tion (2), we have a domination of strong effects. One strong positive (negative) effect can dominate many
weak negative (positive) effects. This condition describes the imperfect substitution elasticities of the effects.
An example that demonstrates their existence is that groundwater depletion can only be combatted by more
efficient farming techniques to a certain degree. In case the groundwater is totally depleted, even the most
efficient farming technique would not be applicable and helpful anymore. Thus, the strong negative effect
cannot be equalized by many positive effects from efficient farm management.

For this evaluation several sensitivity analyses have been conducted. An alternative approach is accounting
for the number of positive and number of negative effects per SDG. In principle, considering the number of
effects is highly relevant because it provides valuable information on how strong the SDG is affected.
Bioeconomy activities can affect one SDG through several channels, which should be respected when eval-
uating their impact.

Figure 2. Base values. The base value reflects the relevancy of an effect on specific Sustainable Development Goal (SDG)
targets. The assignment of the value to the effect is based on the literature and the wording of the SDGs. If the effect is
directly mentioned in a target or can bematched perfectly, it gets one of the extreme base values. The values in the middle
are assigned to effects which are related to the SDG but only weakly or indirect. Sensitivity analyses are conducted showing
that this approach is robust.
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For the alternative approach equations (1) and (2) are substituted by equation (4). If the number of positive
effect and the number of negative effect are the same, or close together if large, then the results between the
first and the alternative approach are very similar and only differ in scale.

Isgw ¼ 1
Nsg

∑Base valuei;esg�Scenario valuei;esg for e ¼ p ¼ c (4)

The difference between the first and the alternative approach is exemplified at the end of the results section.
Furthermore, the calculation of the evaluation, including the sensitivity analyses, can be found in the data set.
This table lists the score for each effect and scenario, as well as the source of the information and the assump-
tions made for each effect and scenario.

3. Results: Bioeconomy and the SDGs

This section presents the results of the analysis and is structured as follows. The first part explains the aggre-
gated results and provides an overview over all affected SDGs. The second part shows three different out-
comes for individual SDGs. SDG 8 delivers an example for a positive case, SDG 15 exemplifies a negative
case, and SDG 1 demonstrates mixed effects and represents the results for the majority of the evaluated
SDGs. For further information, the results on the other individual SDGs are discussed in the supporting infor-
mation, and the detailed calculations of the effect scores can be taken from the data set. Finally, the out-
comes of the sensitivity analysis applying the second evaluation approach are described.

3.1. Aggregated Results

Figure 3a demonstrates that the BE scenario has increased positive as well as increased negative effects com-
pared to BAU scenario, and the effect score increases from�15.1 (BAU) to�5.5 (BE). Thus, the overall impact
of the BE scenario on the SDGs is still negative, but the share of positive effects significantly increases, as
visualized by Figure 3b. However, the BE scenario can only be considered superior if we allow for the substi-
tution of effects. This means that the increased negative effects can be outbalanced by the stronger
increased positive effects. Without substitution the BE scenario would be worse, since in this case only the
change in the negative effects, or the change in positive effects if the negative effects are equal, would count.
Figure 4 is mapping the individual SDGs. When substitution is allowed (Figure 4a), compared to the BAU sce-
nario, the BE scenario is only the worse option for SDGs 13 to 15. Without substitution the BE scenario is worse
for seven SDGs (Figure 4b).

Separating the results into a socioeconomic, an industrial and economic, and an ecological dimension, as dis-
played in Figure 5, provides a very good impression of the areas where the most conflicts are. While the
industrial dimension of the SDGs is strongly supported by the bioeconomy, the socioeconomic component
showsmixed results. The net effect of the BE scenario is positive, but the increase of the negative effects show
that substitution must be allowed to draw this conclusion. Finally, the ecological dimension can be strongly
violated if sustainability is not respected. The dimension-wise evaluation mirrors the primary aims of the con-
sidered bioeconomy concepts, which are mainly concentrating economic factors, like resource efficiency,

Figure 3. Analysis aggregated over all relevant Sustainable Development Goals. The score of the negative effects is multi-
plied by �1 and thus showing a positive value. BAU = business as usual; BE = bioeconomy; SBE = sustainable BE.
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productivity, and competitiveness, which are to a large share reflected by the clean industry and economic
dimension. Also, the strong motivation to reuse waste and residual materials for energy production has a
large positive impact on those SDGs. Therefore, going through the concepts, socioeconomic and
ecological aspects seem to be rather subordinate.

For the substitution of fossil resources by natural resources the global agricultural output has to be
increased. Therefore, it is intuitive that many interactions between the bioeconomy and SDGs are similar
to interactions between industrial agriculture and SDGs, which mainly affect the socioeconomic and
ecological SDGs. The bioeconomy concepts of OECD, EU, and the German government differ in their

Figure 4. Scores of the individual SDGs. BAU = business as usual; BE = bioeconomy; SBE = sustainable BE;
SDGs = Sustainable Development Goals.

Figure 5. SDGs aggregated by dimension. The score of the negative effects is multiplied by�1 and thus showing a positive
value. BAU = business as usual; BE = bioeconomy; SBE = sustainable BE; SDGs = Sustainable Development Goals.
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approach addressing potential emerging problems. The OECD and the EU consider biotechnological inno-
vations as driver of the bioeconomy and simultaneously as the solution for bioeconomy inherent
problems (European Commission, 2012; OECD, 2009). However, this approach has several shortcomings
and neglects important issues, which are addressed in the evaluation of the individual SDGs. The
German government recognizes and stresses negative effects that cannot be solved by biotechnology.
This includes issues on property rights, exploitation rights, biodiversity, and distributional aspects
(BMEL, 2014). While accounting for such factors would make the bioeconomy sustainable, the concept
of the German government does not deliver solutions or binding regulations yet. Therefore, their bioec-
onomy concept is located between the BE and the SBE scenario.

3.2. Three Cases
3.2.1. Improvement: SDG 8 Decent Work and Economic Growth
Figure 6 shows that for SDG 8 the BE scenario is unambiguously positive compared to the business as usual
scenario. Economic development is a main target of the bioeconomy concepts of the OECD, EU, and
Germany. With investments into new technologies and value-added production, skilled labor jobs are
assumed to be created. The FAO estimates that in 2013 all sectors of the bioeconomy in the EU already gen-
erated about 18.3 million jobs with an annual turnover of 2.1 trillion EURO (FAO, 2016). The difference
between the bioeconomy and the sustainable bioeconomy is only caused by stronger efforts to decouple
economic growth from environmental degradation in a sustainable bioeconomy. The negative effects are
the same for both scenarios and explained below.

There is some criticism questioning if the cultivation of industrialized monocultures actually can provide new
jobs at all. For some biomass crops, labor participation per hectare in industrialized monocultures is much
lower than in traditional small-holder cultivation. Deininger (2013) states that the cultivation of herbicide-
tolerant and pest-resistant crops requires less steps in the production processes and significantly reduces
the labor intensity of production. This provides a trade-off between efficiency and labor intensity. If those
farmers who lose their jobs, through mechanization and efficient low labor share techniques, do not find
new off-farm employment opportunities, for example, in the value-added production, this can lead to further
poverty and migration into urban areas (Cotula et al., 2008; Deininger, 2013).

Thus, the effect on this goal considering developing countries in both bioeconomy scenarios is rather
unclear. On the one hand, it is expected that new value-added production possibilities also emerge in those
countries (BMEL, 2014; Scarlat et al., 2015). On the other, the bioeconomy concepts of the OECD, EU, and
Germany predominantly target investments into technology, new production opportunities, and high-skilled
labor for their own regions. The bioeconomy concepts cannot be considered as development support pro-
gram for job creation in developing countries in the first instance. This is also the case in the SBE scenario.
However, the German government recognizes that “it must be ensured that the robustly-increasing demand
for renewable resources also supports the development-policy objectives in developing countries and emer-
ging economies” (BMEL, 2014, p. 9).

Figure 6. Sustainable Development Goal 8. The score of the negative effects is multiplied by �1 and thus showing a posi-
tive value. BAU = business as usual; BE = bioeconomy; SBE = sustainable BE.
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3.2.2. Deterioration: SDG 15 Life on Land
SDG 15 is an extreme case, since there are no positive effects for the BAU and BE scenario, as shown in
Figure 7. The effect score reveals that the BE scenario has the strongest negative impact, for following reason.
While, for example, the EU states that the goal of the bioeconomy is to use bio-based raw materials without
compromising ecosystems, SDG 15 emphasizes that ecosystems need to be restored. Restoration is however
not in the focus of the bioeconomy documents (European Commission, 2012; OECD, 2009). Similar affected is
the SDG target considering afforestation and restoration of degraded forests. The bioeconomy concepts
recognize trees as a highly valuable biomass resource, in particular for lignin-cellulosic applications like bio-
fuels. The bioeconomy criteria to only use sustainable managed forests promotes the afforestation for com-
mercial use in some regions as well as allows for the deforestation in other regions (BMEL, 2014; European
Commission, 2012). Considering this, in addition to incentives to clear forest for cropland in order to satisfy
the increasing biomass demand (Deininger, 2013; Henders et al., 2015), the BE scenario cannot be considered
supportive for this SDG target. The SBE scenario therefore fulfills the SDG target 15.2 by promoting the sub-
stantially increase of afforestation and reforestation globally (UN, 2015), while taking local factors and ecolo-
gical requirements into account.

Furthermore, the increased demand for biomass, and thus the increased demand and price for land, may
incentivize to unlock new agricultural areas and thereby harm ecosystem services as well as biodiversity
(Deininger, 2013). Biodiversity can also be reduced by the extensive cultivation of potential invasive hybrid
and genetically modified organism crops, which may suppress local varieties and contradict target 15.8
(Ferdinands et al., 2011; Sheppard et al., 2011). Moreover, overutilization of land can lead to land degradation
and desertification in the worst case (Smolker, 2008). Juerges and Hansjürgens (2016) argue that in the tran-
sition toward a bioeconomy the increasing demand for biomass might set incentives to manage soils with a
short-term time perspective, while causing negative effects for soil quality in the long term. They conclude,
since short-term costs and benefits of decisions regarding the use of soils often differ from long-term costs
and benefits of building up soils, the challenge of managing trade-offs and spillovers over time is increasingly
essential in the governance of the transition process.

Since the above-mentioned problems are already well known from the developments in the last decades, a
bioeconomy without strong emphasize on sustainability will probably foster, or in the best case maintain, the
problems. However, still the SBE scenario can have severe negative effects on SDG 15. While afforestation,
land degradation, and restoration of ecosystems would be addressed, issues from land expansion and inva-
sive crops remain adherent. Thus, the net effect of the SBE scenario is neutral for the achievement of SDG 15.
3.2.3. Upscaling Effect: SDG 1 No Poverty
The effects of the BE scenario on SDG 1 represent the outcome for most of the other SDGs. While in absolute
terms the positive and negative effects of the BE scenario increase compared to the BAU scenario, the relative
share of the negative effects decreases. Nevertheless, looking at the negative effects in Figure 8a, they
increase by 54% from the BAU scenario to the BE scenario.

The potential negative effects of the bioeconomy on poverty are the same as of industrial agriculture and the
biomass production for biofuels. The increased demand for land can lead to land grabbing, displacements,
unequal distribution of land considering soil quality, and loss of communal land. Furthermore, the switch

Figure 7. Sustainable Development Goal 15. The score of the negative effects is multiplied by�1 and thus showing a posi-
tive value. BAU = business as usual; BE = bioeconomy; SBE = sustainable BE.
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of farmers from food crops toward biomass production for industrial purposes increases their dependencies
on international agricultural commodity prices (Cotula et al., 2008).

However, bioeconomy activities can also help to reduce poverty through two channels. On the one hand,
increasing demand for agricultural goods can lead to higher prices and thus higher income of farmers
(Cotula et al., 2008). The EU estimates an increase in world food demand of 70% by 2050 and a further steep
increase in the demand of biomass for industrial purposes (European Commission, 2012). On the other, pro-
ducing goods for a bioeconomy may provide new opportunities for value-added industries in developed as
well as developing countries (BMEL, 2014; GBS, 2015; Scarlat et al., 2015). Hence, off-farm employments could
emerge and help to alleviate poverty.

The SBE scenario assumes that the local population in biomass producing areas is not excluded from the prof-
its of increased biomass production, and regulations hindering displacements and land grabbing are in place.
However, the assumed increased production of intensive cash crops, which require a lower labor share than
traditional agriculture (Deininger, 2013), and the higher dependency on global agricultural commodity
markets (Cotula et al., 2008), lead to the result that in absolute numbers, Figure 8b, the negative effects of
the sustainable bioeconomy are not lower than in the BAU scenario. Nevertheless, the ratio of positive and
negative effects strongly improves, demonstrating that with sustainability measures, the bioeconomy has
the potential to support the achievement of SDG 1 targets.

3.3. Sensitivity Analysis

Considering the aggregated effect over all SDGs, the results are robust and accounting for the number of
effects in the evaluation does not really make a difference. In approach 1, the BE scenario would support
the SDGs with 46% of its total effect on the SDGs, while according to approach 2, 48% of the impact is posi-
tive. This demonstrates the robustness of this evaluation, as with both measures the overall share of positive
effects is only varying by two percentage points. These and further statistics as well as robustness checks are
provided in the data set.

Stronger differences between approaches 1 and 2 can be found when looking at some individual SDGs,
where the number of positive and negative effects strongly differ. SDG 2 provides a very good example to
demonstrate differences between the two approaches, as shown in Figure 9. For this SDG the number of
negative effects is much larger than of the positive effects, but the base and scenario values of the negative
effects are comparably low. This leads to a domination of the positive effects in approach 1. However, when
accounting for the quantity of positive and negative effects in approach 2, the results change significantly
and the negative effects now dominate for all scenarios.

Subjectivity can become a factor when accounting for the number of effects. The issue is demonstrated on
the positive effect “Productivity and efficiency increases of farm management techniques.” On the one hand,
productivity and efficiency can be considered as complementary and being the result of the same activities
and efforts. In other words, when you increase productivity you simultaneously improve efficiency to a
certain degree, and vice versa. On the other, one can argue that productivity and efficiency are complemen-
tary but still two individual attributes and thus should be considered as two effects. In this case the sum of

Figure 8. Sustainable Development Goal 1. The score of the negative effects is multiplied by �1 and thus showing a posi-
tive value. BAU = business as usual; BE = bioeconomy; SBE = sustainable BE.
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positive effects on SDG 2 would increase by about 30% due to the high base and scenario value of this effect.
Here also the reason for taking averages becomes visible, as the average positive effect would only increase
by 15%, thus making this approach more robust to changes in the computation base.

Furthermore, as already mentioned in the method section, accounting for the number of effects promotes
that a large number of weak effects can compensate a small number of strong effects. This condition has
been already exemplified by the means of groundwater depletion in the approach section above.

4. Discussion

To evaluate the results of this study, two questions need to be answered. First, does the BE scenario support
the achievement of the SDGs in general, and second, can the BE scenario be regarded as an improvement to
reach the SDGs compared to the situation today? Both questions are dependent on the discussion on trade-
offs within the SDG concept. For the first question, assumptions on the weighting of SDG targets are relevant,
and the answer to second question is conditional on the applied concept of substitutability within the
SDG targets.

Assuming that a scenario can only be considered supportive if at least more than 50% of its effects are
positive, the answer to the first question is straightforward. In both evaluation approaches, the BE scenario
tightly misses this target, and only the SBE scenario fulfills that criteria. However, this conclusion neglects
the problem of not weighting SDG targets. Maybe the positive affected SDG targets have in reality more
impact on the global well-being than the negative affected ones. As already mentioned above, the SDG fra-
mework does not allow the weighting of targets (UN, 2015), and thus this research follows this rule.
Nevertheless, the data in the data set provides a framework for policymakers and researchers to assign
weights according to their own assumptions. Differences in the results can be used for a discussion on the
practical use of the SDG targets.

Answering the second question is more complicated. Under both measurement approaches the score for the
negative and positive effects in the BE scenario increase compared to the BAU scenario, while the share of
positive effects increases stronger. As a result, the BE scenario can only be considered superior if substitution
between positive and negative effects is allowed. The question to policymakers is whether it is reasonable to
strongly increase the negative impacts on SDG targets for the sake of stronger positive impacts. Especially, if
there are inequalities in the distribution of the profits. The conceptual nonsubstitutability of the SDGs and the
ideal of a strong sustainability rather disapprove this assumption (Rickels et al., 2016; UN, 2015). However,
Rickels et al. (2016) note that strictly applying the nonsubstitutability might hinder the application of effective
policies. They argue that the specification of substitution possibility cannot solely be based on scientific rea-
soning but requires normative judgment and decision (Rickels et al., 2016, p. 265). The findings of this
research support this statement, recommending that trade-offs from bioeconomy activities need to be ferret
out and evaluated on an individual basis.

Compared to the BE scenario, the SBE scenario shows muchmore improvement. Thereby, the positive effects
of the sustainable bioeconomy on land, the oceans, water, and resource use are dominating. The negative
effects can be to some degree considered as the inherent trade-offs of the SDGs, which are also

Figure 9. Absolute effects on Sustainable Development Goal 2 for approach 1 and approach 2. The score of the negative
effects is multiplied by �1 and thus showing a positive value. BAU = business as usual; BE = bioeconomy;
SBE = sustainable BE.
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highlighted by Pradhan et al. (2017). Supporting one SDG can have unavoidable negative effects on another
SDG (Pradhan et al., 2017), and this is also true if the sustainable bioeconomy is used as an approach to fulfill
the targets. However, the superiority of the sustainable bioeconomy is caused by the strong assumptions
made, and it would be appropriate to have some reasonable skepticism. The SBE scenario builds on innova-
tions that are not yet cost competitive and in different stages of development. Furthermore, it assumes that
matters of international cooperation and regulation are addressed to avoid issues like negative spillovers to
other countries or cost advantages of countries that are defaulting from sustainability regulations. This
requires strong efforts negotiating agreements and regulations on an international and intergovernmental
scale and thus depends on the political will in the respective countries.

5. Conclusion

In a nutshell, the results of this study are in line with the recent studies on bioeconomy concepts and their
sustainability in general. Without additional measures and efforts, the sustainability of the existing concepts
is not assured. Furthermore, global socioeconomic and ecological effects need special attention. As a net
importer of natural resources, such as land, Germany, and the EU have an increased responsibility to imple-
ment sustainability criteria for their bioeconomy activities. Through global trade and production spillover
effects, their bioeconomy activities do not only affect their own regions but countries all over the world
(BMEL, 2014).

Focusing on the SDGs, this analysis demonstrates that the road on which we are going today will leave most
of their targets unfulfilled. Also, an unsustainable bioeconomy is certainly not the best solution. Without
regulations, policies and investments ensuring sustainability, or in case the increased positive effect of bioec-
onomy activities cannot outbalance the increased negative effect, the bioeconomy has the potential to
rather restrain than support the achievement of the SDGs. However, it is beyond doubt demonstrated that
the bioeconomy can have a strong potential to be sustainable if implemented wisely. A sustainable bioecon-
omy that includes such sustainability measures mentioned above has a strong potential to be a very useful
concept to achieve the targets of the SDGs.

Complementarily, the SDGs can and should be used as an appropriate sustainability benchmark for bioecon-
omy concepts as well as individual bioeconomy activities. This analysis demonstrates that the establishment
of the bioeconomy can have widespread effects, which are very well captured by the wide scope of the SDGs.
The German government already recognized this circumstance. In their Bioeconomy Evaluation Report 2017,
the federal ministry for education and research recommended to emphasize the relevance of bioeconomy
research for the achievement of the SDGs, when distributing future research assistant measures within the
bioeconomy research portfolio. On this way the bioeconomy should be brought into line with the national
sustainability goals, national climate and environmental protection targets, and the SDGs (Hüsing et al.,
2017). This paper provides an overview on the strength and weaknesses of the bioeconomy in terms of
the SDGs and highlights aspects that require increased efforts and further research. As a next step, bioecon-
omy activities need to be analyzed quantitatively to evaluate their individual effects on the respective targets.
This work indicates areas to concentrate on by further research.

Data

The data set for this evaluation is provided as supporting information.

References
Alavanja, M. C., Hoppin, J. A., & Kamel, F. (2004). Health effects of chronic pesticide exposure: Cancer and neurotoxicity. Annual Review of

Public Health, 25, 155–197. https://doi.org/10.1146/annurev.publhealth.25.101802.123020
Banwart, S. (2011). Save our soils. Nature, 474, 151–152. https://doi.org/10.1038/474151a
Beman, M. J., Arrigo, K. R., & Matson, P. A. (2005). Agricultural runoff fuels large phytoplankton blooms in vulnerable areas of the ocean.

Nature, 434, 211–214. https://doi.org/10.1038/nature03370
Birch, K., Levidow, L., & Papaioannou, T. (2010). Sustainable capital? The neoliberalization of nature and knowledge in the European

“Knowledge-based bio-economy”. Sustainability, 2, 2898–2918. https://doi.org/10.3390/su2092898
Blakeney, M. (2011). Recent developments in intellectual property and power in the private sector related to food and agriculture. Food

Policy, 36, S109–S113. https://doi.org/10.1016/j.foodpol.2010.10.011
BMBF (2010). Nationale Forschungsstrategie BioÖkonomie 2030—Unser Weg zu eine bio-basierten Wirtschaft. Berlin: BMBF. https://www.bmbf.

de/pub/Nationale_Forschungsstrategie_Biooekonomie_2030.pdf

10.1029/2018EF001014Earth's Future

HEIMANN 55

Acknowledgments
I would like to thank Ruth Delzeit and
Wilfried Rickels for their valuable
support while conducting this research.
Further thanks go to Ianna Raissa
Moreira Dantas and Franziska
Schünemann for their comments and
suggestions. This research has been
financed by the BMBF funding area
“Bioeconomy as societal change.” The
publication of this article was funded by
the Open Access Fund of the Leibniz
Association. The author declares no
conflict of interest, and the funding
organization had no influence on the
work. The data set for this evaluation
can be found in the supporting
information.

https://doi.org/10.1146/annurev.publhealth.25.101802.123020
https://doi.org/10.1038/nature03370
https://doi.org/10.1038/nature03370
https://doi.org/10.3390/su2092898
https://doi.org/10.1016/j.foodpol.2010.10.011
https://www.bmbf.de/pub/Nationale_Forschungsstrategie_Biooekonomie_2030.pdf
https://www.bmbf.de/pub/Nationale_Forschungsstrategie_Biooekonomie_2030.pdf


BMEL (2014). National policy strategy on bioeconomy: Renewable resources and biotechnological processes as a basis for food, industry and
energy. Berlin: Federal Ministry of Food and Agriculture. http://www.bmel.de/SharedDocs/Downloads/EN/Publications/
NatPolicyStrategyBioeconomy.pdf?__blob=publicationFile

Bruckner, T., Bashmakov, I. A., Mulugetta, Y., Chum, H., De La Vega Navarro, A., Edmonds, J., et al. (2014). Energy systems. InO. R.-M. Edenhofer,
Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fith Assessment Report of the Intergovernmental
Panel on Climate Change (pp. 511–597). Cambridge, UK: Cambridge University Press. http://www.ipcc.ch/report/ar5/wg3/

Chappell, M. J., & LaValle, L. A. (2011). Food security and biodiversity: can we have both? An agroecological analysis. Agriculture and Human
Values, 28(1), 3–26. https://doi.org/10.1007/s10460-009-9251-4

Cotula, L. (2011). Land deals in Africa: What is in the contracts. London: IIED. http://pubs.iied.org/pdfs/12568IIED.pdf
Cotula, L., Dyer, N., & Vermeulen, S. (2008). Fuelling exclusion? The biofuels boom and poor people’s access to land. London: IIED. http://pubs.

iied.org/pdfs/12551IIED.pdf
Danielsen, F., Beukema, H., Burgess, N. D., Parish, F., Brühl, C. A., Donald, P. F., et al. (2009). Biofuel plantations on forested lands: Double

jeopardy for biodiversity and climate. Conservation Biology, 23(2), 348–358. https://doi.org/10.1111/j.1523-1739.2008.01096.x
Deininger, K. (2013). Global land investments in the bio-economy: Evidence and policy implications. Agricultural Economics, 44, 115–127.

https://doi.org/10.1111/agec.12056
Delzeit, R., Klepper, G., Zabel, F., & Mauser, W. (2018). Global economic-biophysical assessment of midterm scenarios for agricultural markets

—Biofuel policies, dietary patterns, cropland expansion, and productivity growth. Environmental Research Letters, 13(2), 025003.
https://doi.org/10.1088/1748-9326/aa9da2

El-Chichakli, B., von Braun, J., Lang, C., Barben, D., & Philip, J. (2016). Five cornerstones of a global bioeconomy. Nature, 535, 221–223.
https://doi.org/10.1038/535221a

European Commission (2012). Innovating for sustainable growth: A bioeconomy for Europe. Brussels: European Commission.
https://publications.europa.eu/de/publication-detail/-/publication/1f0d8515-8dc0-4435-ba53-9570e47dbd51

Food and Agriculture Organization (2016). How sustainability is addressed in official bioeconomy strategies at international, national and
regional levels: An overview. Rome: FAO. http://www.fao.org/3/a-i5998e.pdf

Fargione, J., Hill, J., Tilman, D., Polasky, S., & Hawthrone, P. (2008). Land clearing and the biofuel carbon dept. Science, 319, 1235–1237. https://
doi.org/10.1126/science.1152747

Ferdinands, K., Virtue, J., Johnson, S. B., & Setterfield, S. A. (2011). “Bio-insecurities”: managing demand for potentially invasive plants in the
bioeconomy. Current Opinion in Environmental Sustainability, 3, 43–49. https://doi.org/10.1016/j.cosust.2011.01.002

Galli, A., Wiedmann, T., Ercin, E., Knoblauch, D., Ewing, B., & Giljum, S. (2012). Integrating Ecological, Carbon and Water footprint into a
“Footprint Family” of indicators: Definition and role in tracking human pressure on the planet. Ecological Indicators, 16, 100–112. https://
doi.org/10.1016/j.ecolind.2011.06.017

Global Bioeconomy Summit (2015). Making bioeconomy work for sustainable development. Berlin: Global Bioeconomy Summit. http://
gbs2015.com/fileadmin/gbs2015/Downloads/Communique_final.pdf

Gheewala, S. H., Berndes, G., & Jewitt, G. (2011). The bioenergy and water nexus. Biofuels, Bioproducts and Biorefining, 5, 353–360. https://doi.
org/10.1002/bbb.295

Giljum, S., Burger, E., Hinterberger, F., Lutter, S., & Brucker, M. (2011). A comprehensive set of resource use indicators from the micro to the
macro level. Resources, Conservation and Recycling, 55, 300–308. https://doi.org/10.1016/j.resconrec.2010.09.009

Global Footprint Network. (2016). National Footprint Accounts 2016. www.footprintnetwork.org: Global Footprint Network.
Griggs, D., Stafford-Smith, M., Gaffney, O., Rockstrom, J., Ohman, M., Shyamsundar, P., et al. (2013). Sustainable development goals for people

and planet. Nature, 495(7441), 305–307. https://doi.org/10.1038/495305a
Grossman, G. M., & Krueger, A. B. (1995). Economic growth and the environment. The Quarterly Journal of Economics, 110(2), 353–377. https://

doi.org/10.2307/2118443
Henders, S., Persson, M. U., & Kastner, T. (2015). Trading forests: Land-use change and carbon emissions embodied in production and exports

of forest-risk commodities. Environmental Research Letters, 10, 125012. https://doi.org/10.1088/1748-9326/10/12/125012
Hertel, T., Steinbuks, J., & Baldos, U. (2013). Competition for land in the global bioeconomy. Agricultural Economics, 44, 129–138. https://doi.

org/10.1111/agec.12057
Hoekstra, A. Y., & Wiedmann, T. O. (2014). Humanity’s unsustainable environmental footprint. Science, 344(6188), 1114–1117. https://doi.org/

10.1126/science.1248365
Howarth, R. W. (2008). Coastal nitrogen pollution: A review of sources and trends globally and regionally. Harmful Algae, 8, 14–20. https://doi.

org/10.1016/j.hal.2008.08.015
Hüsing, B., Kulicke, M., Wydra, S., Stahlecker, T., Aichinger, H., & Meyer, N. (2017). Evaluation der “Nationalen Forschungsstrategie BioÖkonomie

2030”. Karlsruhe: BMBF. https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2017/Evaluation_NFSB_Kurzbericht.pdf
Jamaludin, N., Sham, S. M., & Ismail, S. N. (2013). Health risk assessment of nitrate exposure in well water of residents in intensive agriculture

area. American Journal of Applied Sciences, 10(5), 442–448. https://doi.org/10.3844/ajassp.2013.442.448
Johns, T., & Eyzaguirre, P. B. (2007). Biofortification, biodiversity and diet: A search for complementary applications against poverty and

malnutrition. Food Policy, 32, 1–24. https://doi.org/10.1016/j.foodpol.2006.03.014
Juerges, N., & Hansjürgens, B. (2016). Soil governance in the transition towards a sustainable bioeconomy—A review. Journal of Cleaner

Production, 1–12. https://doi.org/10.1016/j.jclepro.2016.10.143
Kamel, F. & Hoppin, J. A. (2004). Association of pesticide exposure with neurologic dysfunction and disease. Environmental Health Perspective,

112(9), 950–958. https://doi.org/10.1289/ehp.7135
Kim, H., Kim, S., & Dale, B. E. (2009). Biofuels, land use change, and greenhouse gas emissions: Some unexplored variables. Environmental

Science and Technology, 43(3), 961–967. https://doi.org/10.1021/es802681k
Landis, D. A., Gardiner, M. M., van der Werf, W., & Swinton, S. M. (2008). Increasing corn for biofuel production reduces biocontrol services in

agricultural landscapes. PNAS, 105(51), 20,552–20,557. https://doi.org/10.1073/pnas.0804951106
Larsen, A. E., & Noack, F. (2017). Identifiying the landscape drivers of agricultural insecticide use leveraging evidence from 100,000 fields.

PNAS, 114(21), 5473–5478. https://doi.org/10.1073/pnas.1620674114
Levidow, L., Birch, K., & Papaioannou, T. (2012). EU agri-innovation policy: Two contending visions of the bio-economy. Critical Policy Studies,

6(1), 40–65. https://doi.org/10.1080/19460171.2012.659881
Lewandowski, I. (2015). Securing a sustainable biomass supply in a growing bioeconomy. Global Food Security, 6, 34–42. https://doi.org/

10.1016/j.gfs.2015.10.001
McCauley, L. A., Anger, K. W., Keifer, M., Langley, R., Robson, M. G., & Rohlman, D. (2006). Studying health outcomes in farmworker

populations exposed to pesticides. Environmental Health Perspectives, 114(6), 953–960. https://doi.org/10.1289/ehp.8526

10.1029/2018EF001014Earth's Future

HEIMANN 56

http://www.bmel.de/SharedDocs/Downloads/EN/Publications/NatPolicyStrategyBioeconomy.pdf?__blob=publicationFile
http://www.bmel.de/SharedDocs/Downloads/EN/Publications/NatPolicyStrategyBioeconomy.pdf?__blob=publicationFile
http://www.ipcc.ch/report/ar5/wg3/
https://doi.org/10.1007/s10460-009-9251-4
http://pubs.iied.org/pdfs/12568IIED.pdf
http://pubs.iied.org/pdfs/12551IIED.pdf
http://pubs.iied.org/pdfs/12551IIED.pdf
https://doi.org/10.1111/j.1523-1739.2008.01096.x
https://doi.org/10.1111/agec.12056
https://doi.org/10.1088/1748-9326/aa9da2
https://doi.org/10.1038/535221a
https://publications.europa.eu/de/publication-detail/-/publication/1f0d8515-8dc0-4435-ba53-9570e47dbd51
http://www.fao.org/3/a-i5998e.pdf
https://doi.org/10.1126/science.1152747
https://doi.org/10.1126/science.1152747
https://doi.org/10.1016/j.ecolind.2011.06.017
https://doi.org/10.1016/j.ecolind.2011.06.017
https://doi.org/10.1016/j.ecolind.2011.06.017
http://gbs2015.com/fileadmin/gbs2015/Downloads/Communique_final.pdf
http://gbs2015.com/fileadmin/gbs2015/Downloads/Communique_final.pdf
https://doi.org/10.1002/bbb.295
https://doi.org/10.1002/bbb.295
https://doi.org/10.1016/j.resconrec.2010.09.009
http://www.footprintnetwork.org
https://doi.org/10.1038/495305a
https://doi.org/10.2307/2118443
https://doi.org/10.2307/2118443
https://doi.org/10.1088/1748-9326/10/12/125012
https://doi.org/10.1111/agec.12057
https://doi.org/10.1111/agec.12057
https://doi.org/10.1126/science.1248365
https://doi.org/10.1126/science.1248365
https://doi.org/10.1016/j.hal.2008.08.015
https://doi.org/10.1016/j.hal.2008.08.015
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cct/2017/Evaluation_NFSB_Kurzbericht.pdf
https://doi.org/10.3844/ajassp.2013.442.448
https://doi.org/10.1016/j.foodpol.2006.03.014
https://doi.org/10.1289/ehp.7135
https://doi.org/10.1289/ehp.7135
https://doi.org/10.1021/es802681k
https://doi.org/10.1073/pnas.0804951106
https://doi.org/10.1073/pnas.1620674114
https://doi.org/10.1080/19460171.2012.659881
https://doi.org/10.1016/j.gfs.2015.10.001
https://doi.org/10.1016/j.gfs.2015.10.001
https://doi.org/10.1289/ehp.8526


McMichael, P. (2012). The land grab and corporate food regime restructuring. Journal of Peasant Studies, 3–4(39), 681–701. https://doi.org/
10.1080/03066150.2012.661369

Meenakshi, J., Johnson, N. L., Manyong, V. M., Degroote, H., Javelosa, J., Yanggen, D. R., et al. (2010). How cost-effective is biofortification in
combating micronutrient malnutrition? An ex-ante assessment. World Development, 38(1), 64–75. https://doi.org/10.1016/j.
worlddev.2009.03.014

Moraes, M. M., Ringler, C., & Cai, X. (2011). Policies and instruments affecting water use for bioenergy production. Biofuels, Bioproducts &
Biorefining, 5, 431–444. https://doi.org/10.1002/bbb.306

Moschini, G., & Lapan, H. (1997). Interllectual property rights and the welfare effects of agricultural R&D. American Journal of Agricultural
Economics, 79(4), 1229–1242. https://doi.org/10.2307/1244280

Nilsson, M., Griggs, D., & Visbeck, M. (2016). Map the interactions between Sustainable Development Goals. Nature Comment, 534(7607),
320–322. https://doi.org/10.1038/534320a

Organisation for Economic Co-operation and Development (2008). Biofuel support policies: An economic assessment. Paris: OECD. http://www.
oecd.org/tad/agricultural-trade/biofuelsupportpoliciesaneconomicassessment.htm

Organisation for Economic Co-operation and Development (2009). The bioeconomy to 2030—Designing a policy agenda. Paris: OECD. http://
www.oecd.org/futures/bioeconomy/2030

Pfau, S. F., Hagens, J. E., Dankbaar, B., & Smits, A. J. (2014). Visions of sustainability in bioeconomy research. Sustainability, 6, 1222–1249.
https://doi.org/10.3390/su6031222

Pradhan, P., Costa, L., Rybski, D., Lucht, W., & Kropp, J. P. (2017). A systematic study of Sustainable Development Goal (SDG) interactions.
Earth’s Future, 5, 1169–1179. https://doi.org/10.1002/2017EF000632

Raghu, S., Spencer, J., Davis, A., & Wiedmann, R. (2011). Ecological considerations in the sustainable development of terrestrial biofuel crops.
Current Opinion in Environmental Sustainability, 3, 15–23. https://doi.org/10.1016/j.cosust.2010.11.005

Rickels, W., Dovern, J., Hoffman, J., Quaas, M. F., Schmidt, J. O., & Visbeck, M. (2016). Indicators for monitoring sustainable development goals:
An application to oceanic development in the European Union. Earths’s Future, 4, 252–267. https://doi.org/10.1002/2016EF000353

Robertson, P. G., & Vitousek, P. M. (2009). Nitrogen in agriculture: Balancing the cost of an essential resource. Annual Review of Environment
and Resources, 34, 97–125. https://doi.org/10.1146/annurev.environ.032108.105046

Rojas Fabro, A., Pacheco Avila, J., Esteller Alberich, M., Cabrera Sansores, S., & Camargo-Valero, M. (2015). Spatial distribution of nitrate health
risk associated with groundwater use as drinking water in Merida, Mexico. Applied Geography, 65, 49–57. https://doi.org/10.1016/j.
apgeog.2015.10.004

Rosegrant, M. W., Ringler, C., Zhu, T. T., & Bhandary, P. (2013). Water and food in the bioeconomy: Challanges and opportunities for devel-
opment. Agricultural Economics, 44, 139–150. https://doi.org/10.1111/agec.12058

Scarlat, N., Dallemand, J.-F., Monforti-Ferrario, F., & Nita, V. (2015). The role of biomass and bioenergy in a future bioeconomy: Policies and
facts. Environmental Development, 15), 3–34. https://doi.org/10.1016/j.envdev.2015.03.006

Searchinger, T., Heimlich, R., Houghton, R. A., Dong, F., Elobeid, A., Fabiosa, J., et al. (2008). Use of U.S. croplands for biofuels increases
greenhouse gases through emissions from land-use change. Science, 319, 1238–1240. https://doi.org/10.1126/science.1151861

Sheppard, A. W., Gillespie, I., Hirsch, M., & Begley, C. (2011). Biosecurity and sustainability within the growing global bioeconomy. Current
Opinion in Environmental Sustainability, 3, 4–10. https://doi.org/10.1016/j.cosust.2010.12.011

Smaller, C., & Mann, H. (2009). A thirst for distant lands: Foreign investments in agricultural land and water. Winnipeg, Manitoba: IISD. http://
www.iisd.org/pdf/2009/thirst_for_distant_lands.pdf

Smolker, R. (2008). The new bioeconomy and the future of agriculture. Development, 51(4), 519–526. https://doi.org/10.1057/dev.2008.67
Staffas, L., Gustavsson, M., & McCormick, K. (2013). Strategies and policies for the bioeconomy and bio-based economy: An analysis of the

official national approaches. Sustainability, 5, 2751–2769. https://doi.org/10.3390/su5062751
Stein, A. J. (2010). Global impacts of human mineral malnutrition. Plant Soil, 335, 133–154. https://doi.org/10.1007/s11104-009-0228-2
Stern, D. I. (2004). The rise and fall of the environmental Kuznets curve. World Development, 32(8), 1419–1439. https://doi.org/10.1016/j.

worlddev.2004.03.004
Swinnen, J., & Riera, O. (2013). The global bioeconomy. Agricultural Economics, 44(supplement), 1–5. https://doi.org/10.1111/agec.12045
Tilman, D., Socolow, R., Foley, J. A., Hill, J., Larson, E., Lynd, L., et al. (2009). Beneficial biofuels—The food, energy, and environmental trilemma.

Science, 325, 270–271. https://doi.org/10.1126/science.1177970
UN (2015). Transforming our world: The 2030 agenda for sustainable development. New York: United Nations. https://sustainabledevelopment.

un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
Varshney, R. K., Bansal, K. C., Aggarwal, P. K., Datta, S. K., & Craufurd, P. Q. (2011). Agricultural biotechnology for crop improvement in a

variable climate: Hope or hype? Trends in Plant Science, 16(7), 363–371. https://doi.org/10.1016/j.tplants.2011.03.004
Wongsanit, J., Teartisup, P., Kerdsueb, P., Tharnpoophasiam, P., & Worakhunpiset, S. (2015). Contamination of nitrate in groundwater and its

potential human health: a case study of lower Mae Klong river basin, Thailand. Environmental Science and Pollution Research, 22(15),
11,504–11,512. https://doi.org/10.1007/s11356-015-4347-4

Zilberman, D., Kim, E., Kirschner, S., Kaplan, S., & Reeves, J. (2013). Technology and the future bioeconomy. Agricultural Economics, 44, 95–102.
https://doi.org/10.1111/agec.12054

10.1029/2018EF001014Earth's Future

HEIMANN 57

https://doi.org/10.1080/03066150.2012.661369
https://doi.org/10.1080/03066150.2012.661369
https://doi.org/10.1016/j.worlddev.2009.03.014
https://doi.org/10.1016/j.worlddev.2009.03.014
https://doi.org/10.1002/bbb.306
https://doi.org/10.2307/1244280
https://doi.org/10.1038/534320a
http://www.oecd.org/tad/agricultural-trade/biofuelsupportpoliciesaneconomicassessment.htm
http://www.oecd.org/tad/agricultural-trade/biofuelsupportpoliciesaneconomicassessment.htm
http://www.oecd.org/futures/bioeconomy/2030
http://www.oecd.org/futures/bioeconomy/2030
https://doi.org/10.3390/su6031222
https://doi.org/10.1002/2017EF000632
https://doi.org/10.1016/j.cosust.2010.11.005
https://doi.org/10.1002/2016EF000353
https://doi.org/10.1146/annurev.environ.032108.105046
https://doi.org/10.1016/j.apgeog.2015.10.004
https://doi.org/10.1016/j.apgeog.2015.10.004
https://doi.org/10.1111/agec.12058
https://doi.org/10.1016/j.envdev.2015.03.006
https://doi.org/10.1126/science.1151861
https://doi.org/10.1016/j.cosust.2010.12.011
http://www.iisd.org/pdf/2009/thirst_for_distant_lands.pdf
http://www.iisd.org/pdf/2009/thirst_for_distant_lands.pdf
https://doi.org/10.1057/dev.2008.67
https://doi.org/10.3390/su5062751
https://doi.org/10.1007/s11104-009-0228-2
https://doi.org/10.1016/j.worlddev.2004.03.004
https://doi.org/10.1016/j.worlddev.2004.03.004
https://doi.org/10.1111/agec.12045
https://doi.org/10.1126/science.1177970
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://sustainabledevelopment.un.org/content/documents/21252030%20Agenda%20for%20Sustainable%20Development%20web.pdf
https://doi.org/10.1007/s11356-015-4347-4
https://doi.org/10.1007/s11356-015-4347-4
https://doi.org/10.1111/agec.12054


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (ECI-RGB.icc)
  /CalCMYKProfile (Photoshop 5 Default CMYK)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


