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Key message

e Substituting fossil with bio-based resources in the EU involves sustainability tradeoffs at the global scale and

requires appropriate safeguards

e Safeguarding food prices and the conservation of natural ecosystems must be a priority
o Despite progress, data gaps and methodological challenges have to be overcome to inform the design of

globally coherent enabling and regulating policies for bioeconomic transformation

I. Background

Countries worldwide, and EU members like Germany in
particular, consider the bioeconomy an opportunity for
sustainable development. The sharp rise in energy and
food prices is making many bio-based alternatives to
fossil resource-based technologies even more attractive.
And yet, the EU bioeconomy produces large internal
and external footprints, particularly in the Global South.
Policy action is needed for the EU and its member states
to align these footprints with Sustainable Development
Goals (SDGs), but significant gaps must be overcome in
the development of forward-looking tools for policy and
technology impact assessment in the bioeconomy. As
new bioeconomy monitoring frameworks and related
data sets become available, we reviewed the current
state of research on modelling and simulation tools for
the bioeconomy in an international workshop conduct-
ed in November 2022. This policy brief summarizes
the main workshop outcomes in terms of (1) sustain-
ability threats currently associated with bioeconomic
production and consumption patterns as well as (2)
science-based opportunities to support policy design

towards a bioeconomy within planetary boundaries.

Il. Bioeconomy partly oversteps planetary
boundaries
Human development is exceeding planetary boundaries

in terms of land use, global greenhouse gas (GHG) emis-
sions, nitrogen and phosphorus nutrient flows, fresh-

water use, and species biodiversity loss. In 2017, total
biomass demand was almost three-times higher than in
the 1970s, and by 2019, biomass production was respon-
sible for over 80% of water stress and land use-related
biodiversity loss (UNEP 2020). Global food production
alone uses about half of global habitable land, more than
two-thirds of available freshwater, and emits 23-34% of
global GHG emissions (Rosegrant et al. 2009; Ellis et al.
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Figure 1: Consumption and planetary boundaries from the perspective

of the EU27 and globally

Note: Calculations based on FABIO v1.2 (Bruckner et al. 2019), EXIOBASE
v3.8 (Stadler et al. 2018), and environmental data from various sources
(GHG emissions: Frey und Bruckner 2021, land use: FAOSTAT 2022,

water consumption: Mekonnen and Hoekstra 2011, biodiversity

loss:

Chaudhary und Brooks 2018). For further details on the methods and

data sources please refer to WWF (2023).



2010; Tubiello et al. 2015; Crippa et al. 2021). In addi-
tion, aquatic ecosystems are threatened by the pollution
of watersheds and coastal seas with nutrients and the
harvesting of aquatic food from rivers, lakes, and oceans
(Mclntyre et al. 2016; Lee et al. 2016).

Figure 1 depicts the current impacts of consumption
in the main bioeconomy sectors, such as food and
non-food biomass products, on indicators of key
planetary boundary dimensions. A sustainable bio-
economy must rely on consumption and production
patterns that remain within the lower range of the
uncertainty zone. Currently, however, EU consumption
exceeds the upper limit of the uncertainty zone for all,
but one (i.e. freshwater), indicator. Clearly, food and
non-food biomass will have to be used much more
efficiently in the future.

Addressing these threats to planetary health arising
from the global food and biomass systems requires
transformative change. In this spirit, the United
Nations Biodiversity Conference (COP15) held in Mon-
treal in December 2022 ended up with a landmark
agreement to guide global action on biodiversity
and nature protection by 2030, including concrete
measures to protect 30% of global land and sea. At
the EU level, ambitious targets had already been for-
mulated as part of the European Green Deal through,
for instance, its Farm to Fork strategy and its Circular
Economy Action Plan.!

As much as it is part of the problem, the bioeconomy
is also frequently touted as a key to planetary health.
As a result, many countries and regions have devel-
oped ambitious bioeconomy strategies.

lll. From national strategies to global
governance

Research on national bioeconomy strategies has iden-
tified relevant governance gaps (Dietz et al. 2018). For
example, few strategies place sufficient emphasis on
sustainable consumption patterns or specify required
changes in land management and biomass production
(EU 2022). Moreover, reducing agricultural production
volumes in the EU implies that technological progress
must be aligned with increased biomass imports to
meet future demand (Bremmer et al. 2021). Impor-
tantly, the biologization of the economy beyond the
traditional bioeconomic sectors, for example through
increased use of biotic substances in the chemical
industry or more wood in the construction industry,
is likely to increase biomass demand in the EU. The
IEA estimates that the energy supply from biomass

L All Fachsheets related to the European Green Deal can be con-

sulted at https://commission.europa.eu/publications/factsheets-
european-green-deal_en (accessed on April 17, 2023)

use is expected to double or triple by 2050 compared
to 2021 (IEA 2022). If not offset by a boost in the pro-
ductivity of primary sectors and biomass conversion
efficiency, growing demand for biomass is likely to
compromise SDG targets related to food security and
life on land.

In fact, national bioeconomy strategies tend to take
insufficient account of their potential effects in other
parts of the world. Harmonization is currently ham-
pered by varying interpretations and conceptualiza-
tions of bioeconomy (Siegel et al. 2022). In addition,
countries in the South often set different priorities
than countries in the North and the assessment of
impacts beyond national boundaries is challenging
due to knowledge and data gaps. For example, com-
plexity in the globalized trade and innovation system
implies that leakage and spillover effects can render
unilateral sustainability policies ineffective (Meyfroidt
et al. 2020).

A global approach to bioeconomy governance may
remain a far-fetched goal, but progress must be made
towards mainstreaming bioeconomy-related sustain-
ability concerns in international agreements on trade,
the environment, and technology transfer. Doing so
would improve global coordination in terms of how
and where bio-based innovation can most effectively
contribute to achieving SDG targets and thus plane-
tary health. Such coordination must build on rigorous
scientific evidence and requires monitoring as well as
forward-looking assessment tools for decision sup-

port.

IV. New science-based tools to support
policymaking

Over the past decade, substantial progress was made
in the development of ex post (e.g., footprinting) and
ex ante (e.g. partial and general equilibrium models)
evaluation and assessment tools for the bioeconomy.
This includes models that explicitly quantify global
footprints of the German bioeconomy (Bringezu et al.
2021; Egenolf et al. 2022) and frameworks that differ-
ent stakeholders can use to monitor and measure the
bioeconomy (Sanchez-Jerez et al. 2023). Generally,
there is evidence from many EU member states that
the contribution of the bioeconomy to total value
added is on the rise and often underestimated due
to methodological challenges (Cingiz et al. 2021).2
Kardung and Drabik (2021) modelled the dynamic
evolution of various performance indicators for the
bioeconomies of ten selected EU member states and

2 The authors calculate each industry’s’ (defined by the Interna-
tional Standard Industrial Classification of All Economic Activities
(ISIC), Revision 4) bioeconomy value added shares. They follow the
BioMonitor project scope and include the relevant industries of the
economy following the EU sectorial definition of the bioeconomy.
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Figure 2. Heatmap of biosphere-related SDG indicators in terms of their change to the baseline in 2050.

Note: The color bar is fixed to values between 0.5 and -0.5 for better readability. Values exceeding these range are shown as rounded num-
bers in the respective cell. * = inverted indicators (multiplied by -1) such that rising indicators represent a positive development. Calculations
based on the Computable General Equilibrium Model platform CGEBox (Britz and van der Mensbrugghe, 2018), in a long-term setting of
G-RDEM (Britz and Roson, 2019) and several GTAP extensions (McDougall and Golub, 2009; Keeney and Hertel, 2005; Baldos and Corong,
2020; Lee, 2005; Chepeliev, 2020a; Chepeliev, 2020b; Chepeliev, 2020c) following SSP2 (Riahi et al., 2017) projections from the GTAP v10
database (Aguiar et al., 2019) reference year 2014. Data for gender-differentiated labor are based on World Bank (NN) and wild fish is split

from total fish production using data from FAO (2021).

found heterogeneous levels of improvement and con-
sistent growth in private sector R&D for the circular
bioeconomy. Still, the impacts of the EU’s bioeconomy
transition on a broader set of performance indicators
linked to the UN SDGs remain understudied.

Below, we present some key insights generated from
our analysis based on two complementary and for-
ward-looking modeling approaches, which both point
to significant tradeoffs between several dimensions of
sustainable development of the EU bioeconomy.?

Figure 2 summarizes the simulated impacts of two
hypothetical bioeconomy policy scenarios for the EU
in selected EU and non-EU countries up to 2050. The
technology shift scenario explores the impact of a
higher share of biomass use in the rubber and plastics
sector, the chemical sector, and the petroleum and coal
sector. The substitution of fossil fuels and fossil-based
chemicals for bio-based alternatives, decreases CO,
emissions from combustion in the EU and possibly
avoids carbon taxes depending on how indirect agricul-
tural emissions are taxed, which potentially improves
international competitiveness of EU economies. These
positive impacts which concentrate on the EU are offset

* The methodology and results of one study are briefly summarized
in Figure 2, while the other study employed an innovative hybrid
econometric Input-Output model developed in Tobben et al. (2022).
We expect to publish the results in the coming months so that they
can be shared with both the scientific community and decision-ma-
kers.

by negative social and environmental impacts driven
by increased biomass demand outside the EU. The
increased biomass demand from EU countries leads to
higher simulated prices for agricultural products threat-
ening food security outside the EU. Moreover, increas-
ing biomass demand could result in overall negative
effects for biosphere-related SDG indicators, such as
land and water use, which exceed planetary boundaries
already today. The potential future impacts of these
environmental pressures on biodiversity and ecosystem
functioning are highly uncertain. According to research
on current environmental footprints of the global food
system, eco-efficiency can vary enormously across
space and time even within groups of relatively homo-
geneous commodities (Escobar et al., 2020; Halpern
et al., 2022). Future impacts will thus also depend on
how land abundance and environmental governance
moderate the supply of new agricultural land from the
conversion of natural ecosystems, such as tropical for-
ests (Miranda & Borner, 2023).

To alleviate these sustainability tradeoffs, the EU bio-
economy needs technological innovation and regu-
latory action to maximize biomass use efficiency and
curb total biomass demand. For example, our model
simulations suggest that a 75% reduction in meat con-
sumption (Figure 2) would significantly reduce pressure
on unmanaged forests in most countries (including EU
and Germany) and improve other biosphere-related
SDG indicators, such as per capita GHG emissions and
wild fish catch.



Generally, synergies often arise among SDGs in the
economic and social dimensions, but advances in
these two dimensions tend to compromise environ-
mental SDGs. The magnitude of the trade-offs largely
depends on socioeconomic development pathways
and climate change as main drivers of wealth, food
demand, and changes in land cover and land use
intensity.

Forward-looking modelling tools like the ones used
here can improve the scientific basis for coordinated
policy design, but significant challenges remain. In
particular, detailed data for crops and other bioeco-
nomy feedstocks as well as on household income
and consumption is missing especially at subnational
scales for large parts of the world®. In addition, access
to information on technology development and inno-
vation, including from the private sector, must be
improved to enable realistic scenario design for bio-
economic technology impact assessments.

Addressing these knowledge and data gaps will enable
future research to achieve the following: (1) Measure
the costs of alternative policy options and identify
strategies (including global coordination efforts) to
mediate sustainability trade-offs, e.g. between land-
use for non-food biomass production and affordable
food; (2) Quantify the impacts of alternative policy
mixes and their implications in terms of costs and
benefits across relevant groups of stakeholders; (3)
Evaluate impacts of shifts in consumer behavior (e.g.
with regard to food waste, diets, and environmental
or social product attributes) or production structures
(e.g. concerning cascade use or biorefineries); (4)
Gauge the effects of technology leaps and break-
throughs, such as genome editing or enhanced bio-
mass production and processing technologies; (5)
Assess the impacts of climate-related or geopolitical
shocks to the food and biomass systems.

V. Policy Recommendations

Bioeconomic innovation bears enormous potential
for transformation towards global consumption and
production patterns that remain within planetary
boundaries. The research summarized above suggests
that action is needed to realize this potential.

First, technological innovation must be accompanied
by effective governance frameworks and global policy
coordination to avoid that the benefits of bioeconom-
ic transformation in one part of the world are offset
by deteriorating environmental and social conditions
in other world regions.

4 Some but not all such gaps are addressed by recently published
data products (like GLORIA, (Lenzen et al. 2022)). The BioSAMs of
EU member states can serve as an example of what is needed to
expand current disaggregated modelling efforts to other major
biomass producing countries (EU 2021).

Second, bioeconomy strategies must be expanded
to include sustainability safeguards. For example,
policies that encourage more sustainable consump-
tion patterns can play a significant role in reducing
negative externalities of the current bioeconomy. This
potentially includes taxing meat and dairy products
more heavily than plant-based food items which could
also result in significant health benefits. In addition,
the environmental footprints of internationally traded
biomass could be taxed directly to avoid environmen-
tally harmful relocation of biomass production.

And third, major gaps in the science and knowledge
base to inform coordinated policy design remain.
Many of these gaps are due to data limitations and
regional ‘blind spots’ that reflect major asymmetries
in research funding and R&D capacities at a global
scale. Addressing these gaps requires a systematic
approach to building global research alliances that
allow collaboration at eye level, for example, via
appropriate financial support for research partner
organizations in the Global South. Additionally, for-
ward-looking policy tools, comprehensive databases,
and monitoring systems should be further expanded
and used to inform policy decisions.

In sum, moving towards a bioeconomy within plane-
tary boundaries requires a comprehensive and glob-
ally coordinated process that leverages sustainability
science, capitalizes on the full range of policy instru-
ments at all governance levels, and involves relevant
stakeholders. The EU, and large members as Germany,
can lead the way in this process by identifying and
upscaling ‘best practices’ from almost two decades of
investments in developing its bioeconomies.
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