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BioMonitor explained
Climate change and social inequality
are considered threats to sustainable
development, but could the bioeconomy
be our silver bullet? Our work within
the BioMonitor project seeks to fill
the information gap about the bioeconomy
contribution to sustainable development by
providing key data, modelling and guidance
to industry and EU policy makers.

“The bioeconomy
can create new jobs
and offer wider
consumer choices. It is
set to impact everyone’s
life in a positive way.”

With a three-fold approach, we aim to:
Close the data gaps observed when measuring the bioeconomy;
Enhance forward-looking assessment tools that guide industries
and policymakers in defining long-term strategies for developing
the bioeconomy;
Create a stakeholder engagement platform and training.
The bio-based sectors covered by the project are those used in the
current EU Bioeconomy Strategy and the EU member states statistics.
BioMonitor captures the evolution of the bioeconomy through a set
of case studies and advanced simulation models.
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1.

Scoping and designing
the conceptual analysis
framework for monitoring
and measuring the EU
bioeconomy
Within BioMonitor, we developed a conceptual analysis framework for
quantifying and analysing the development of the EU bioeconomy. We
had three specific objectives:
Set the scope for and identify drivers of the EU bioeconomy;
Determine indicators for monitoring and measuring the impacts of
the bioeconomy;
Draw lessons from the use of the indicators for monitoring and
measuring the impacts of the bioeconomy.

Monitoring the bioeconomy…
Moving forward with our activities, we developed and described a
conceptual analysis framework for monitoring the bioeconomy. This
work included defining bioeconomy’s sectors and a comprehensive
list of indicators, which were further used in the project for data
gap analysis, case studies, and modelling. The conceptual analysis
framework accommodates any number of well-defined quantitative
indicators to make it easier for decision-makers to see the overall
development of the bioeconomy.

…measuring the bioeconomy
With our proposed list of indicators, we wrote up several lessons
from measuring the bioeconomy. There is a need to improve the
data available for monitoring and measuring bio-based production
to distinguish it from fossil-based production. The bioeconomy
indicators need to cover sustainable development and circularity
sectors, which are crucial for a thriving bioeconomy transition.
Furthermore, policymakers should consider all indicators in their
decisions.

To know more about the bioeconomy indicators





BioMonitor Deliverable 1.1, Framework for measuring the size and
development of the bioeconomy
Kardung, M., Cingiz, K., Costenoble, O. et al., Development of
the Circular Bioeconomy: Drivers and Indicators, Open access
article on MDPI, 2021
BioMonitor Policy Brief 5, Framework for Assessing the
Development of a Circular Bioeconomy

We set broad but feasible system boundaries for our analysis to
ensure that we have a comprehensive monitoring framework that
can be used in practice. Subsequently, we came up with a list of
indicators that cover the diverse development of the bioeconomy and
its various impacts. We used both established indicators that build
on previous works and new indicators.
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2.

Data needs for indicators
on industrial uses of
biomass
To assess the availability of data on the EU bioeconomy, evaluation
criteria are needed. However, no universal standard for this
exists. Therefore, in BioMonitor we have adopted the evaluation
criteria proposed by previous research along with additional
criteria essential to the EU bioeconomy dataset.

Bioeconomy indicators and data
We produced a report on bioeconomy
of data needed, their availability
measure bioeconomy indicators with
In BioMonitor, we also developed a
that might help future assessments

Addressing bioeconomy data gaps
As part of our work in BioMonitor, we identified various types and
degrees of data gaps. The most common are:
Limited data availability;
Lack of key information for differentiating the bio-based and
fossil-based parts of industry;
Lack of granularity needed for the envisaged research;
To establish a sustainable monitoring system for the bioeconomy,
stakeholders should agree on how to address these data gaps.

To know more about BioMonitor Data Platform
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indicators. It shows the type
and gaps, including how we can
the currently available records.
set of data evaluation criteria
on their availability and gaps.

BioMonitor Deliverable 2.1, Data and data gaps for bioeconomy
drivers and indicators and their implications
BioMonitor report, Design of the BioMonitor Data Platform,
including electronic database templates
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3.

Methodology development
and creation of the
BioMonitor Data Platform
An achievement for the project has been to develop methodologies
to gather data on the bioeconomy process and analyse it to create
the BioMonitor Data Platform. In order to express the various
indicators of the bioeconomy, the widely differing types of data
and sources had to be streamlined and somehow made compatible with
each other.
In this process we encountered several challenges, the greatest
being to separate the bio-based part of the economy from the
overall economy. This lack of data is rather adverse for a large
amount of indicators within the scope of BioMonitor. Changing the
data collection structures from official sources requires time and
effort.
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Creating the BioMonitor Data Platform
The data platform’s output is a comprehensive database hosted in
DataM. The dataset includes all indicators for which the project was
able to gather and process relevant and reliable data. The database
not only allows access to the raw data for use in further research,
it also illustrates our findings in coherent and interactive graphs
and figures which can also be exported for further dissemination.
The work of BioMonitor also provides valuable inputs for future
activities in the modelling of bioeconomic data.

The critical importance of data
Quantitative monitoring, regardless of the object, requires
exhaustive data as a foundation. Especially in a sector as complex
and multi-layered as the bio-based economy, the underlying data
must be reliable and most notably complete. The more assumptions,
observations and conclusions are based on incomplete data, the
less accurate the whole monitoring system becomes. Public data
collection systems have a lot of room for improvement in this
respect.

To know more about data collection methodology



BioMonitor report, Status quo of data collection methodologies
on bioeconomy and recommendations
BioMonitor report, Bioeconomy database in the BioMonitor Data
Platform.
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4.

Models needed for
analysing indicators on
industrial uses of biomass
Knowledge and quantitative models are needed to guide and support
the shift towards a sustainable bioeconomy. Models may represent
the entire economy or just parts of it. They help to better
understand the complex ecomomic, social and environmental aspects
of this transition as well as the trade-offs and potential pathways
to bioeconomy growth.
Moreover, models have long been used in Europe to project how
(traditional) sectors of the bioeconomy could develop and how
these are affected by policy changes. Our goal was to take stock of
existing bioeconomy models and specify adjustments and requirements
for enhanced models for monitoring the development of the European
bioeconomy.

Some head-ups to deal with gaps in the bioeconomy
An analysis of existing capacities to model the bioeconomy revealed
gaps in existing modelling efforts. To deal with these gaps, the
following key improvements are needed:
Develop models to better cover bioeconomy sectors, such as
bio-based textiles and plastics, and especially chemicals and
pharmaceuticals, which are currently predominantly produced
using non-renewable and fossil resources.
Move beyond a sectoral focus and develop model capacities that
consider the bioeconomy as a whole, which will improve the
ability to capture cross-cutting issues of the transition.
Existing models typically focus on products that have
established markets and not properly capture the emergence of
novel products. Models would need to be extended to capture the
developments of new or novel bioeconomy products.
Increase the coverage of bioeconomy indicators. Based on
staheholder needs and existing modelling capacities, there is a
need for better-capturing indicators related to sustainable use
of natural resources

Designing the BioMonitor Model Toolbox
Based on the identified gaps, the BioMonitor Model Toolbox has
been designed. The core of the BioMonitor Model Toolbox is formed
by four existing models, including AGMEMOD, EFISCEN, EFI-GTM and
MAGNET, as well as the new BioMAT model. Altogether, these models
cover Europe’s biomass production systems (AGMEMOD, EFISCEN), as
well as the relevant bioeconomy manufacturing sectors (BioMAT and
EFI-GTM) and the bioeconomy as a whole (MAGNET). The linkage of the
improved and new models enables several cross-cutting issues of the
bioeconomy transition to be captured by considering interactions
and competition between economic sectors.

To know more about dealing with existing gaps
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BioMonitor Infopack 1, BioMonitor Tools for Policy Makers and
Industries: Analysing and Implementing Bioeconomy Strategies
BioMonitor report, Existing models that investigate the bioeconomy
BioMonitor report, Requirements and priorities for improved
bioeconomy modelling
BioMonitor report, Design of BioMonitor Model Toolbox
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5.

Methodologies to fill
model gaps and create
an enhanced BioMonitor
Model Toolbox
One of the challenges of BioMonitor was to better capture the link
between emerging and traditional bioeconomy sectors. The BioMonitor
Model Toolbox has been developed to tackle this challenge. The
result is an improved toolbox that allows for more detailed ex-ante
analyses of EU policy strategies like the European Green Deal and
related strategies on the Bioeconomy, Circular Economy and Farm to
Fork on achieving sustainability goals.
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Understanding the BioMonitor Model Toolbox
An enhanced BioMonitor Model Toolbox helps users to better
understand how the EU bioeconomy works and has a positive impact on
sustainability goals. It works by reducing emissions, decarbonising
energy markets, producing healthy food and creating sustainable
incomes and jobs. The toolbox captures trends in bioeconomy markets
resulting from demographics, consumer preferences, technology and
innovation, climate and environment indicators. It also looks at
how producers, consumers, and policy makers behave.

Bioeconomy data: lesson learned
Although much effort has led to improved bioeconomy data collection
and generation, data is still limited, e.g. on the production and
trade of bio-based products. BioMonitor has suggested a list of
new bio-based products to be included in Eurostat statistics, which
is considered a long-term solution for future data availability.
Building good bioeconomy models requires experts from different
fields to work together.

To know more about our models




BioMonitor Infopack 1, BioMonitor Tools for Policy Makers and
Industries: Analysing and Implementing Bioeconomy Strategies
BioMonitor Study, BioMAT and EFI-GTM enhancements to better
capture bio-based product markets
BioMonitor Study, Magnet extensions enhancements to better
capture bio-based sector markets
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Interview with
Myrna Van Leeuwen
Agricultural economist and researcher at
Wageningen University and Research (WUR)

For BioMonitor, you have worked with different analysis
techniques and models: what are the three most
important outcomes?
Throughout our work, there are three models that we developed that
are definitely the main outcome. The first one is the updated and
improved global forest sector model: EFI-GTM. This model can make
projections for the production, consumption and trade of wood-based
products in EU member states and the rest of the world up to 2050,
for a baseline and alternative scenarios. We extended the model,
for example, by including wood-based textile fibers in the model.
The second: an extended sector-wide model: MAGNET. This model
has the advantage of better incorporating the bio-based chemical
industry, the bio-based pharmaceutical industry and the bio-based
plastics industry in EU member states. Moreover, we added new
environmental footprint indicators. Third: a new bio-based product
model: BioMAT. We developed this model from scratch and based on
recent bioeconomy data collected by the BioMonitor project. BioMAT
provides projections for markets of bio-based chemical applications
in EU member states up to 2050, for a baseline and alternative
scenarios.
No single model can capture all aspects of the complex bioeconomy
systems. In combination, the models in the BioMonitor Toolbox
address a variety of sustainability indicators, thus collaboration
is essential. Models can be used according to the policy questions
to be addressed.

16 – BioMonitor: past and future of the bioeconomy

“Collaboration is
essential: no single
model can capture all
aspects of the complex
bioeconomy systems”
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6.

Policy scenarios and
analysis with the
BioMonitor Data Platform
and BioMonitor Model
Toolbox
We aimed to develop a baseline and a set of policy-relevant
scenarios to:
Provide an integrated assessment of the entire framework of
databases and modelling tools developed in the BioMonitor
project, and
Analyse a set of concrete and policy-relevant storylines that
are measured for their impact and potential uptake across value
chains, products and industries.

What external factors influence the bioeconomy the most?
The integrated assessment provides insights into how the
bioeconomy performs in the storyline across the three pillars of
sustainability (social, economic and environmental sustainability)
and the impacts of external factors. These include:
Climate change
Land use management
Land availability
Water and labour skill resources
Economic development
Technology and innovation
Consumer preferences and demographic development
Policy as well as trade tariffs and trade standards.

How to make modelling effective
Effective modelling across bioeconomy sectors is complex. Much
interaction, time and effort are needed to:
Develop common narratives that can be explored by all models
Align the modelling assumptions
Harmonise and exchange datasets.

To know more about policy-relevant scenarios in the
bioeconomy



BioMonitor Policy Brief 3, BioMonitor Policy Scenarios for the
European Bioeconomy to 2030 and 2050
BioMonitor Policy Brief 2, Relevance of current modelling tools
for offering policy insights for the creation of a vibrant
European Bioeconomy by 2030 and 2050

The work uses a set of indicators developed within the project
together with the specific scopes of the models in the BioMonitor
Model Toolbox, (AGMEMOD and BioMat, EFI-GTM, EFISCEN, MAGNET) and
it analyses the development of the European bioeconomy up to 2030
and 2050.
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7.

Trainings and overall
stakeholders engagement
One of BioMonitor’s three pillars is ‘stakeholder engagement’. We
aimed at ensuring that the models and methodologies developed are
shared with stakeholders in Europe. Moreover, we had to reach out
to users and inform them about the project results so that these
could be adopted. By users, we mean policy makers, customs labs,
and SMEs and Industry stakeholders.
The key challenges were to engage with stakeholders while we
developed the models and methodologies, and to adapt materials
during the Covid pandemic for different stakeholder groups.

BioMonitor sessions and trainings
Training session

Main focus group

Date

Data exchange for statistical

Statisticians (Slovakia)

6 Sep 2019

Statisticians (Latvia)

29 Oct 2020

Data exchange for statistical

Statisticians and policy makers

25 May 2021

officers

(Ireland)

Industry training

Industry and SME stakeholders

officers
Data exchange for statistical
officers

18 Nov 2021

(combined session Germany,
the Netherlands, UK and Ireland)
Demystifying model exchange

Policy makers, researchers (the

18 Feb 2021

Netherlands)
Demystifying model exchange

Policy makers (European Commission)

14 Oct 2021

Demystifying model exchange

Policy makers, researchers (Germany)

11 Nov 2021

Demystifying model exchange

Policy makers, researchers (Slovakia)

15 Jun 2021

EU Green Week partner session

Policy makers, researchers, SME/Industry

19 Jun 2021

stakeholders, statistical officers
ICABR Conference partner

Policy makers, researchers, SME/Industry

session

stakeholders, statistical officers

7 Jul 2022

Lesson learned from training sessions and other events
While it is very hard to develop training material when the models
and methodologies have not been finished, it is still important
to support researchers with the translation of complex theoretical
material into comprehensive training material for several groups
of stakeholders. Many of them who joined our sessions unanimously
expressed their interest for the BioMonitor models and methodologies.

To know more about the BioMonitor sessions for policy
makers
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BioMonitor Training, SMEs and Industry Exchange
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8.

Case studies
Making BioMonitor’s three pillars work effectively requires
feedback from case studies. Sector-specific and cross-sector cases
were pre-selected to support the replication logic and the external
validity of the research design.
The sector-specific cases included new wood products,
biorefineries, chemicals, biobased additives in the feed industry
and packaging industry, while cross-sectorial cases included
applications of Material Flow Monitor, as well as the Vanguard
Initiative Bioeconomy Pilot.
The challenge of our work was to overcome data gaps in the
existing datasets and ensure quantitative monitoring of bioeconomy
development.

The case studies: painstaking work and analysis
The case studies provided thematic details to BioMonitor concepts
and methodology on relevant challenges such as biorefineries,
biobased pathways, supply chain stage, and geographic coverage. The
partners involved in the studies carefully and critically explored
market conditions, estimated socio-economic impacts, ascertained
facts and information related to emerging and innovative biobased
productions. All dimensions of sustainability were integrated and
analysed, demonstrating the key role of bioeconomy development in
achieving economic, social, and environmental goals.

What we have learned from our work with case studies
Econometric and input-output analysis, as well as literature
reviews, surveys and interviews are valuable methods for filling
data gaps in the short term. A database that tracks physical
material flows has also proven to be a valuable resource for
monitoring the bioeconomy. These techniques, however, are not an
optimal solution for long-term analyses because of their severe
assumptions and estimates. Identifying biobased productions to be
extended with unique codes in statistical classification systems
was therefore crucial to enable the measurement of bioeconomy
impacts in the future.

To know more about the case studies
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Tassinari, G., Drabik, D., Boccaletti, S., & Soregaroli, C.,
Case studies research in the bioeconomy: A systematic literature
review, scientific paper on CAAS – Czech Academy of Agricultural
Sciences, 2021
Hassegawa, M., Karlberg, A., Hertzberg, M., & Verkerk, P.
J., Innovative forest products in the circular bioeconomy,
scientific paper in Open Research Europe, 2022
Sturm, V., Banse, M., & Salamon, P., The role of feed-grade
amino acids in the bioeconomy: Contribution from production
activities and use in animal feed, scientific paper on
ScienceDirect, 2022
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Interview with
Gianmaria Tassinari
Università Cattolica del Sacro Cuore (UCSC)

In BioMonitor, you were responsible for the work on
case studies. What are the most important aspects of
this?
Together, partners set out and applied a case study protocol. This
allowed them to interact, thus helping to ensure the case studies
were valid, replicable and comparable.
We drew on case research for various purposes: to strength networks
of companies and research institutions, to foster localised biobased technology clusters, to promote sustainable production
systems, and to explore the potential for further convergence
between agricultural activities and less explored sectors.
Finally, we conducted a Delphi study to further discuss the
data challenges and gaps that emerged from the case studies. We
interviewed a representative group of bioeconomy experts who agreed
on most of the statements gathered from the case studies. With
their input, we made final recommendations for the development of
a dataset appropriate for monitoring the bioeconomy in the European
Union.
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“A shared protocol
between partners helps
ensure the case studies
are valid, replicable
and comparable.”
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9.

Addressing the information
gap in bioeconomy
through communication
BioMonitor is about establishing a statistics and modelling
framework for the bioeconomy. It is important to inform and engage
with stakeholders, end users and the public about the bioeconomy
and its economic, environmental and social impacts.
The challenge was to ensure non-specialists understand the
information communicated. To do this, we use video animations and
publications. This was an integral part of the project.
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Communicating the bioeconomy to the general public
The project provided universally comprehensible information to the
public and stakeholders at large, with emphasis on communicating
about the BioMonitor Toolbox, the case studies and scientific
publications.

Creating impact through communication and dissemination
activities
The project’s info packs and policy briefs were well received by
readers, and our technical partners were pleased to use them to
highlight the most important aspects of their work. However, we
tried to broaden our audience by publishing several journalistic
articles and creating a PageFlow, which are certainly more engaging
and eye-catching. In fact, through the continuous monitoring of
outreach and engagement, we realised that journalistic articles are
on average more effective and engaging for our audience than news
and press releases.

To know more about BioMonitor communication activities



BioMonitor presentation video
Page flow on BioMonitor case studies
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Interview with
Justus Wesseler
BioMonitor project coordinator

You have been coordinating this project for more than
four years: what are the main achievements of the
project?
To start with, we have improved data collection and analysis of the
EU’s bioeconomy growth. Then we have combined existing and new data
to establish indicators on this development. The data have been
applied to models in order to identify possible pathways for the EU
bioeconomy. We have set up six case studies to investigate specific
areas of the bioeconomy in detail. Lastly, all the results have been
shared with stakeholders and the general public.

I believe that in this peculiar period of time, working
on the project was not always easy. What were the biggest
challenges you have faced in the past years?
I have to say that the major challenge for us was the Covid pandemic.
For the second half of the project, we had planned several workshops
and training events with stakeholders, which didn’t work well on line.
Since we could not meet in person as much as we would have liked, it
was more complicated to work together and engage with stakeholders.
Even we have achived a lot, I still feel that, without Covid, we would
have been able to achieve more.

How do you believe BioMonitor can contribute to the
global bioeconomy change?
We are pleased to say that we have set up the methodological basis
for monitoring the development of the EU bioeconomy. The underlying
input-output model can now be continuously updated; this allows
several indicators to be derived by combining the results with
other statistics. Enormous progress has been made with modelling
28 – BioMonitor: past and future of the bioeconomy

“Enormous progress
has been made with
modelling the material
flow of biological
resources”
the material flow of biological resources. BioMonitor partners
developed the BioMAT model linking the flow of material with
economic flows: this provides more detailed indicators than before.

What’s left to be done? What’s the BioMonitor legacy?
We are only at the start of monitoring the bioeconomy; the
groundwork has been done. The tools developed by BioMonitor provide
greater details, which enhance the activity of monitoring such as
international comparison, breakdown of statistics, evolution of
supply chains, material flows and more. Now the results need to be
linked to EU policy. This requires consistent EU-wide monitoring of
policy and its impacts.
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WHAT EXPERTS SAY:

A comment from
David Zilberman
UC Berkeley, US Professor, Bio-Economy Expert,
Board member of the International Consortium on
Applied Bioeconomy Research (ICABR)

BioMonitor has done a fantastic job in
improving the monitoring of the bioeconomy
in Europe. Today, it is essential to have
sufficient data on the development of the
bioeconomy and its impact on society, the
environment and the economy. Also, using
models is crucial to provide insights
into possible future developments for
policymakers and other stakeholders. The
BioMonitor project also takes a deeper
look at technological progress and
the evolution of supply chains, which
affect the dynamics of the bioeconomy.
I think the EU bioeconomy is very
technocratic without using state-of-the-art
technology. Biotechnologies especially are
overregulated and underutilized in the EU.
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