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1. Identify existing monitoring systems: Gather the latest information 

and create a comprehensive and standardized overview of various 

monitoring initiatives (international, European, and national).

2. Analyze indicators: Evaluate indicators and monitoring systems in 

order to learn from existing approaches and practical experiences.

3. Identify suitable indicators: Find gaps in monitoring, identify 

indicators that could improve bioeconomy monitoring, and do a deeper 

analysis of promising environmental indicators for improving German 

bioeconomy monitoring.

4. Recommend actions: Make recommendations for the further 

development of bioeconomy monitoring and for the implementation of 

the bioeconomy strategy

Project

objectives
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Analysis of existing monitoring 

and indicator systems

 50 reports/publications from 42 

studies/projects were compiled

 22 studies analyzed in detail using the 

questionnaire and summarized

 Internal project report - quick access to 

relevant details in the literature; basis for 

further analyses of selected indicators

Literature
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Environmentally sound biomass potentials

Additional demand for biomass

Changes in use and flows 

Biodiversity 

Environmental impacts of expansion

Evaluation of the environmental benefits

Precautionary 

environmental 

protection: 

key aspects
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Topics frequently identified by experts as insufficiently 

covered by indicators

 Biodiversity / quality of ecosystems / species richness / landscape and habitat 

fragmentation 

 Biomass potential - replacement of non-renewable materials/energy but at risk of 

exceeding biomass potential 

 Spatial resolution / accuracy is required but difficult - link to specific land use -

important but difficult to assess - Index intensity of use - problematic as the issue varies 

from place to place

 Land use / Land use change - indirect land use change

 Impacts in exporting countries - sustainability based on local conditions (including 

social issues: land rights)

 Effects on planetary boundaries

 Bioenergy – ensuring that only actual waste is diverted into bioenergy

Expert

interviews
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Important 

question:

what 

taxonomy?

EU Bioeconomy 

Monitoring System

Highlighted categories are those 

that have indicator data in the EU 

Bioeconomy Monitoring System

(as of 2023). 

1 Ensuring Food and Nutri tion Securi ty

1.1 Food securi ty and nutri tion are supported

1.1.a Avai labi l i ty

1.1.b Access

1.1.c Uti l i sation

1.1.d Stabi l i ty

2 Managing Natura l  Resources  Susta inably

2.1 Ecosystem capacity to produce services  i s  maintained or enhanced

2.1.a Environmental  qual i ty

2.1.b Structura l  and functional  ecosystem attributes

2.1.d Species  divers i ty and abundance

2.1.e Conservation s tatus  of habitats  and species

2.2 Primary production sectors  are managed susta inably

2.2.a Pressures  from Forest Management

2.2.b Pressures  from marine fi sheries  & aquaculture management

2.2.d Pressures  from agroecosystems

2.3 Ecosystem services  contribution to human wel l -being is  maintained or enhanced

2.3.a Provis ioning services

3 Reducing dependence on non-renewable unsustainable resources , whether sourced domestica l ly or from abroad

3.1 Resource efficiency, waste prevention and waste-re-use a long the whole bioeconomy value chain i s  improved

3.1.a Resource efficiency (Materia l  footprint)

3.1.b Energy efficiency

3.1.c Biogenic waste prevention, re-use/recycl ing, and recovery

3.2 Food loss  and waste is  minimised and, when unavoidable, i ts  biomass  i s  reused or recycled

3.2.a Food loss  and waste minimization

3.4 Consumption patterns  of bioeconomy goods  match susta inable supply levels  of biomass

3.4.a Consumption and demand for biomass  and bio-based products

3.4.c Reduced dependence on non-renewable resources

4 Mitigating and adapting to cl imate change

4.1 Cl imate change mitigation and adaptation are pursued

4.1.a Cl imate change mitigation

4.1.b Cl imate change adaptation

5 Strengthening European competitiveness  and creating jobs

5.1 Economic development i s  fostered

5.1.a Contribution of bioeconomy to economic development

5.1.b Value of raw and processed biomass , va lue added in bioeconomy sectors

5.2 Inclus ive economic growth is  s trengthened

5.2.a Employment in bioeconomy

5.6 Demand and supply-s ide market mechanisms and pol icy coherence between supply and demand of food and non-food goods  are enhanced

5.6.b Resource competition among sectors  of the bioeconomy and Biomass  demand for new value chains
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Good practices of the EU BMS

 Comprehensive taxonomy – 1 Objective, 1.1 Normative criteria, 1.1.1 Components →

Logic, clarity

 Several types of indicators – basic indicators, derived indicators, system-level 

indicators, composite indicators, headline indicators 

→ Various uses and scales

 Inclusion of components without indicators 

→ Transparency regarding open gaps

 Annual overview of all EU BMS indicators - „published", „data available", „data gap", 

„in development", „to be deleted“

→ Transparency regarding status

 Reference to several political frameworks – UN SDGs, Green Deal

→ Relevance, Synergies

 Coordination with other monitoring systems

→ Comparability, efficiency, systemic approaches

EU 

Bioeconomy

Monitoring

System
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Indicator

screening
(potential to fill gaps)
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Indicator

screening
(potential to fill gaps)
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1. CO2 opportunity costs - compares the officially reported CO2

reduction potentials of bioeconomy activities (e.g. biofuels) with 

alternative approaches and explicitly includes renaturation as an 

alternative in the analysis. Units: Tonne CO2-eq. or land use in 

hectares.

2. Integrated Sankey diagrams (coherent comparisons of 

sustainable production capacities and utilisation) - combines 

Sankey diagrams of material flows by biomass category with 

representations of sustainable production. Where no capacity 

calculation is available, this is indicated in the diagram. Capacity 

ranges can be used to communicate uncertainties or disagreements. 

Units: Various (e.g. tonne of dry matter).

3. Irreversibility risk label - a label that draws attention to irreversibility 

risks. This label could be used in conjunction with other indicators to 

ensure that a higher level of precaution is applied when setting targets.

High-

potential 

indicators to 

fill identified 

gaps
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Sankey+
Sustainability

Quelle: Abb 2.7 wiedergegeben aus Bringezu et al. (2020): Pilotbericht zum Monitoring der deutschen Bioökonomie, S. 29

Sustainable

production capacity

Risk 

corridor

Use

OK

Use

? !!!

Sankey-Diagrammes could be extended to 

show production capacities and uncertainty

schematische Darstellung

Production capacity

Use
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4. Planetary Boundaries - a scientific-political concept consisting of 9 

main indicators that are intended to map the Earth's planetary 

biocapacity. It can be used to show whether and to what extent 

planetary biocapacities have already been exceeded, what room for 

maneuver is still available and in which areas urgent and far-reaching 

action is required. Units: different target values (and comparisons with 

the actual values).

5. Systemic LCA methods - a variety of life cycle assessment (LCA) 

methods offer possibilities for estimating and interpreting the effects of 

certain products, processes and production systems by means of 

input/output modelling of micro- and meso-economic processes 

(ecological LCA (E-LCA), social LCA (S-LCA), business LCA (LCC) and 

combined or integrated LCA (LCSA) can be used to analyse the 

ecological, social and economic aspects; also absolute LCA methods in 

relation to Planetary Boundaries. Units: various.

High-

potential 

indicators to 

fill identified 

gaps
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6. Biodiversity loss (potential species loss) - The indicator is used to 

depict the product-specific potential biodiversity loss. It consists of the 

land cover (or land use change), which is multiplied by a 

characterisation factor that expresses the potential species loss 

Chaudhary et al. (2015). Units: regional species loss per m2, regional 

species loss per year per m2, global species loss per m2, global 

species loss per year per m2.

7. Sustainable biomass potential - The indicator shows the amount of 

biomass that can be utilised within a year and within an economy in 

accordance with nature conservation and biodiversity. Work already 

exists on individual aspects of sustainable biomass potentials (e.g. 

bioenergy potential targets, wood potentials), but there is currently no 

explicit indicator that systematically covers these aspects. Units: 

tonnes or petajoules.

High-

potential 

indicators to 

fill identified 

gaps
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8. Spatial representation of the type, intensity and change in land 

use - describes the type, intensity and change in land use in a spatial 

breakdown; can act as an early warning system to identify regional 

hotspots and interactions between different types of land use. Unit:

Map with information on regional land use (e.g. distribution of areas by 

agriculture, forests, cities in % and hectares; distribution by biomass 

type (e.g. meadows, arable land, forest areas) in % and hectares)

9. Pollutant and particulate matter emissions from the bioeconomy -

measures those substances in the air that have a negative impact on 

air quality; determines the gaseous pollutant emissions that are not 

greenhouse gases, such as ammonia, nitrogen oxides, volatile organic 

compounds, carbon monoxide, sulphur dioxide and the particulate 

matter content in the air; can show the total air pollutants emitted by a 

country (in tonnes) or the local air quality at specific measuring stations 

(in µg/m³). Units: tonnes or µg/m³

High-

potential 

indicators to 

fill identified 

gaps
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1. Develop and apply a more comprehensive, multi-layered monitoring 

approach that takes into account precautionary environmental protection and 

monitors whether bioeconomic activity remains within the sustainable biomass 

potential (3 specific actions)

2. Define sustainability targets for the bioeconomy (4 specific actions)

3. Maintain the footprint concept and develop it further (4 specific actions)

4. Spatial information - Enable decision-makers and the public to see the 

bioeconomy as a set of activities embedded in specific locations and based on 

the productivity of nature (2 specific actions)

5. Future pathways - Integrate possible future bioeconomy pathways and their 

potential environmental and social impacts into the trend analysis of 

bioeconomy monitoring (4 specific actions)

6. Coordinate the development of monitoring in related policies at both national 

and international levels (3 specific actions)

7. Address research gaps (5 specific actions)

Recommended 

actions

4.1. Include spatial information that 
can be used to identify bioeconomy 
hot spots where negative 
environmental impacts are 
particularly high or not in line with 
sustainable biomass production. 

4.2. Included detailed maps to visually 
communicate how land is used, how 
these uses are changing and how 
natural systems are affected by 
bioeconomy activities.



20

1. Sustainable biomass potentials - Driving question: What are the 

sustainable biomass potentials in Germany, the EU and globally?

2. Biodiversity - Driving question: How can biodiversity loss be 

measured in the context of bioeconomic activities?

3. Water - Driving question: How can the water scarcity and water 

pollution associated with bioeconomy be monitored?

4. Circular economy - Driving question: how can bioeconomy and 

circular economy monitoring be linked?

5. Coordination Germany/EU/International - Example: Establish 

exchanges between EU Member States (also internationally) on the 

topic of monitoring the bioeconomy.

Research gaps
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Biodiversität Biodiversität

Biomassepotenzial tenzial

Biodiversität

Biomassepotenzial

LandnutzungsänderungLandnutzungsänderung

Biodiversität

Biomassepotenzial

Landnutzungsänderung
Landnutzungsände

Planetarische GrenzenPlanetarische Grenzen

Planetarische Grenzen
Grenzen



Thank you for your attention

Aaron Best, Ecologic Institute

Berlin, 31 October 2024
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