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Executive Summary

The CO2SMOS project is aiming to develop scalable, replicable and effective solutions to transform the biogenic carbon
emissions into different sustainable bio-products.

The objective of this deliverable is to undertake a preliminary identification of biogenic CO2 sources in Europe in order to
evaluate the potential application of the future CO2SMQOS platform to the bio-based industry.

For this purpose, specific methodology is used: (1) Literature review (from public sources, project stakeholders and own
experience), (2) Primary identification of sectors generating biogenic CO3, (3) Selection of the most interesting sectors (4)
Detailed study of the selected scenarios (5) Database creation (6) Geographical location and mapping

As a result of this work, a preliminary CO2 sources case-studies and database is created, collecting sector identification,
CO2 stream definition, location and other relevant aspects.

In summary, this deliverable constitutes a report that connects the bio-based industry with the technologies to be
developed in the CO2SMOS toolbox, providing valuable information about the current industrial upstream (biogenic CO2)
and its specific characteristics to be taken in consideration in the future scientific development of CO2SMQOS technologies,
as well as in environmental and economic calculation to be undertaken in the LCA and TEA. Database creation and
geographical situation will also be very useful to locate potential clustering areas where CO2SMOS implementation will
be advantageous due to related end-users or to stakeholder’s presence.
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1.Introduction

Biogenic CO2 could be defined as CO2 that is released as a result of organic matter decomposition or combustion. Europe
is generating and emitting a significant amount of biogenic CO2. European theoretical potential of biogenic CO2 emissions
is calculated in 506.7 Mt/a CO2. [1]. Many of these flows are currently unvalued and remain unused.

The main objective of this deliverable is to identify the key sectors generating this biogenic CO2 and select the most
interesting cases within the BBI, taking into consideration the whole value chain of CO: transformation (from CO2
generation to added values production and utilization). Even when CO2SMOS is focusing mainly on the biogenic CO:
emissions from Industrial fermentation processes and specific case-studies are already defined in the GA, a complete
identification and evaluation of the biogenic CO2 sources is carried out in this report.

As a result of a selection process, preliminary CO2 sources database is also created including identification of influence
areas where biogenic CO2 emissions are more intensive, and where CO2 resources could be locally valorized, creating CCU
clusters where the resources circularity is achieved.

This deliverable is conceived as an active tool and living document. Created database will be periodically updated along
the project if additional information is collected via website, project webinars and workshops or stakeholders interaction.

1.1.Contribution of partners

HERA is the leader of this deliverable, which has been completed with the contributions of the following partners:

TABLE 1.
CARTIF General review process and submitting to the EU
CO2VE Information about databases and other public sources
regarding biogenic CO2 emitters
Support in database creation and mapping tools
NOVAMONT Support in specific sectors knowledge
RINA General review process
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1.2.Relation to other activities in the project

As it is defined in the GA, WP1 activities are considered as Preparatory Activities, and consequently providing information
to the rest of the partners in the Project. Hence, the information presented in this deliverable will constitute the basis for
other activities within WP1, as well as the starting point for other WP’s tasks.

In parallel, this deliverable is receiving information from the internal/external project stakeholders regarding their specific
situations and needs.

The following table (Table 2) describes the main relationship of this deliverable to other activities (tasks and deliverables)
developed within CO2SMOS project

TABLE 2.
Activity Relation
WP1 (R) Stakeholders’ requirements and market needs are collected from T.1.1

(R) and (P) the current industrial use cases vision is collected from T.1.6 activities and biogenic CO2
sources as feedstock for CO2SMOS circularity assessment have been provided
WP2 (P) Information regarding the CO» stream characteristics (composition, contaminants, pressure and
temperature) will be determinant to investigate upstream pretreatment needs for the specific CO:
transformation routes developed in CO2SMOS (WP2-D2.1 Upstream processing and upgrading of
industrial biogenic CO»).

WP3 (P) Information about synergies of selected sectors with Tec#3 pathways (availability of bio-feedstock
to be valorized).

WP4 Not reported

WP5 Not reported

WP6 (P) Selection of BBI industries and sectors is aiming to identify the most favorable industrial situations

and business situations where CO2SMOS platform could be replicated (D6.5 Business plan for
CO2SMOS replication)

(P) Information about current uses of CO: is key to investigate the competition routes in the market
(D6.5 Business plan for CO2SMOS replication)

(P) Average size and location of the available CO2 streams have to be taken into account in the future
replication models (D6.5 Business plan for CO2SMOQOS replication).

(P) Sectors and location will give information to evaluate social acceptance and to investigate and
mitigate other specific barriers towards future CO2SMOS application (D6.7 Regulatory framework
analysis and recommendations)

WP7 (P) Pre-treatment needs will balance the TEA and could be detrimental in the LCA (D7.1 Report on LCA
and LCC Analysis in bio-based products) (D7.2 Report on TEA of CO2 bioconversion processes)
(P) Average size and location of the available CO2 streams have to be taken into account in the future
replication models (D7.1 Report on LCA and LCC Analysis in bio-based products) (D7.2 Report on
TEA of CO2 bioconversion processes)

(R): Information received (P): Information provided
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2.Data collection and processing methodology

This chapter describes the procedure for collecting existing data of CO2 sources coming from bio-based industries and
the methodology employed to identify and perform the first biogenic CO; sources classification.

The overall process is described in Figure 1.

Literature Preliminary Detailed Database

Review Evaluation Evaluation Creation

FIGURE 1. Proposed methodology

Literature review provided a general overview about all the sectors emitting biogenic COz. Preliminary evaluation led to
a first selection of sectors that are more feasible for implementation and at the same time aligned with the CO2SMOS
topic. Finally, a detailed evaluation of the selected sectors was performed.

As a result of the data collection and processing, a database of biogenic CO2 emitters was developed. Database
information included geographical location.

2.1.Literature review

The objective of this step was to gather relevant and up-to-date information regarding green CO; emissions from the
industry in the European Union geographical scope.

Consulted sources were mostly public and included scientific articles and papers, specialized organizations websites
search, and stakeholder’s feedback (from side activities in WP1):

Scientific articles and papers:

In order to locate the most relevant and updated articles, an online research was carried out, between November 2021
and January 2022. The keywords that were used in the search were “biogenic CO,”, “BBI industries”, “green CO>”
“biorefineries”, “bioethanol CO2 emissions”, “wine industry CO2 emissions”, beer industry CO2 emissions”, “biogas
upgrading CO2 emissions” ... The search returned a huge number of articles so a selection of those of a higher relevance
was carried out. Criteria used were date of publication and the times the articles were cited (those most recent and cited
articles were consulted).

Specialized organization websites consulted:

- EEA (European Environmental Agency https://www.eea.europa.eu/ )

- ETS (European Trading System https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-ets_es)

- EUROSTAT for statistical data

- EBA (European Biogas Association. https://www.europeanbiogas.eu/ ), specifically biomethane map
https://www.europeanbiogas.eu/eba-gie-biomethane-map/

- ePURE (European renewable ethanol producers association https://www.epure.org/ )

- Bio-based Industry Database (from UE)
(https://datam.jrc.ec.europa.eu/datam/mashup/BIOBASED INDUSTRY/index.html )



https://www.eea.europa.eu/
https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-ets_es
https://www.europeanbiogas.eu/
https://www.europeanbiogas.eu/eba-gie-biomethane-map/
https://www.epure.org/
https://datam.jrc.ec.europa.eu/datam/mashup/BIOBASED_INDUSTRY/index.html
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- Bio-based industry Consortium (BIC) https://biconsortium.eu/bio-based-industries-consortium and BIC bio-
economy platform https://www.bioeconomy-regions.eu/about (clustering regions)
- Eurobserv’er (biofuels Barometer, online database)
o  https://www.eurobserv-er.org/solid-biofuels-barometer-2021/
o https://www.eurobserv-er.org/online-database/
- CO; emitters, potential CO;storage and transport opportunities: https://www.strategyccus.eu/project-
outputs/mapping-potential
- COz emitters https://www.capturemap.no/
- Aggregated data from:
a. https://ourworldindata.org/emissions-by-sector

Other specialized sources

Other reliable sources consulted in this stage were:

Consortium members experience:
o CO2VE experience and research: specific contact/feedback from EBA and ePURE
o HERA experience in biogas and biogas upgrading field
o NOVAMONT experience as CO2 emitter and final end-user

- Interviews carried out with internal stakeholders (as a result of T1.1-T1.6)

Feedback from other related European Projects

o BIKE

o BIOPOL

o BIOREFINERY EUROVIEW
o CO2EXIDE

Specific external stakeholders feedback collected:
o During the two webinars of CO2SMOS celebrated (see description and results in D.1.1 and D.1.2).
o Within Informal interviews/meetings with stakeholders
o By means of the advisory board feedback

2.2. General identification of biogenic CO, sectors

Key sectors currently generating biogenic COz in Europe were qualitatively identified. A preliminary classification typically
carried out in the consulted literature, divides the processes into two groups (Figure 2): CO2 from biofuels (biogas,
biomass...) combustion, and CO2 as a result of industrial processes (including biomass fermentation or chemical
transformation) taking place in bio-refineries or biogas plants.

Organic materials
‘ COMBUSTION
Industrial

SICCUISUEICHERY fermentation =
processes- biogas

Biofuel /Biomass — “ —
3-12% CO,
/
cc

P

e -

INDUSTRIAL

CO, emissions upgrading /
from stationary PROCESSES 40-100% CO,
sources
CARBON NEUTRAL
FIGURE 2. Preliminary classification of biogenic CO2 emissions. Source: Own elaboration.


https://biconsortium.eu/bio-based-industries-consortium
https://www.bioeconomy-regions.eu/about
https://www.eurobserv-er.org/solid-biofuels-barometer-2021/
https://www.eurobserv-er.org/online-database/
https://secure-web.cisco.com/1klL1Wo8rfEt_100EPnvXSR9hJ9hha3INVSDV3sO7ORaYZAu9DcOErybdZudF9b-K8qEU4ADOWNh4tfn_3mw8YX8XLZOIgwlXvysZ-zQKks_ikAckhHI-yeVpglp84KAzh-zBDHPOCgrsGVRP4sW3kZBrtqYDUU6v9-92dLEoE3dd4BlGS7haa7cYDV5xgcsUCBzfgBWJcD1jdYgxlw-p43ag_ppg1LrFHP7Zi0O7g7DePg9alok6T9FMCahOj3BMtpSmj2OgpG1R3HEKTYEI3l_yPByUWhKxMNUidvxvx4HcRhLnDP6fhKtHa6w2s7SniRG4irMSj4JaQlEBlmI5rA/https%3A%2F%2Fwww.strategyccus.eu%2Fproject-outputs%2Fmapping-potential
https://secure-web.cisco.com/1klL1Wo8rfEt_100EPnvXSR9hJ9hha3INVSDV3sO7ORaYZAu9DcOErybdZudF9b-K8qEU4ADOWNh4tfn_3mw8YX8XLZOIgwlXvysZ-zQKks_ikAckhHI-yeVpglp84KAzh-zBDHPOCgrsGVRP4sW3kZBrtqYDUU6v9-92dLEoE3dd4BlGS7haa7cYDV5xgcsUCBzfgBWJcD1jdYgxlw-p43ag_ppg1LrFHP7Zi0O7g7DePg9alok6T9FMCahOj3BMtpSmj2OgpG1R3HEKTYEI3l_yPByUWhKxMNUidvxvx4HcRhLnDP6fhKtHa6w2s7SniRG4irMSj4JaQlEBlmI5rA/https%3A%2F%2Fwww.strategyccus.eu%2Fproject-outputs%2Fmapping-potential
https://secure-web.cisco.com/1RaaiGkMW6aRU4JPMW2_UNJFBqGfGPI83qWyCd-kMurt5B8uUy1s1b9UuOUqL5l49a7nuIK7-ccdsk-nSw25mrQ65Zzo3JTzLkATIApndcX1MdI5Qszm24aGkaOd__P8sb4GpfyVUBZSxD0goFAXdnfXwdbRBE-_6JPcjSBGp_ic-43BqBIUbT5mNYcTTlhfZTJY9ehXAWWMmL4hPkuNgcKo4Hu_ugWsI7wKvYtUP1PigWUKR_yUWVnYD1YA57n6XcKIDhHXLMDnKQQlrPXxYozEeM8uv_urXokipqxd2_reSUrLy97UyYPEkQx4uKNdr1XsbeOkAVuOLXEOZB1igew/https%3A%2F%2Fwww.capturemap.no%2F
https://ourworldindata.org/emissions-by-sector
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It should be noted that various of these processes are out of the scope of the LC-FNR13-2020 call, but its estimate
guantification and description could be of interest when designing the strategy to evaluate the future CO2SMOS
integration potential (by means of replicability studies), since they are producing biogenic CO2 with equivalent
characteristics.

This investigation work has also detected emerging sectors, whose CO2 emission potential is not calculated yet, however
they are qualitatively included as prospective: bio-syngas, i.e. (1) synthetic gas generated from biomass gasification and
(2) the so-called Fossil2bio, i.e. CO2 generated in the industrial sectors that have traditionally been using fossil fuels, but
are currently being replaced by biomass or biofuels. These potential sectors have been recognized due to the valuable
feedback provided by the industrial attendants to the webinars organized within the WP1 activity.

Finally, throughout this study, a family of unique sort of facilities have been detected whose activity is focused into bio
feedstock aerobic fermentations. Within these installation different inputs are processed and quite heterogeneous bio-
product families are produced (including biogenic CO2 as a by-product), so they cannot be identified as a sector in
themselves. These facilities have been designated as bio-refineries and identified nearly individually.

First classification and quantification of the CO2 biogenic emissions potential per sector is showed as aggregated data in
section 3.1. (Table 3).

2.3. Selection process definition

After the general identification, classification and quantification described in the previous section, a selection process
was performed in order to discard cases not included in the CO2SMOS call, together with the less favourable sectors for
future implementation. The general criteria taken into consideration within the selection process were:

- suitability with the CO2SMOS topic (LC-FNR13-2020),
- COzsources type, distribution and size,
- COz2concentration and impurities in the raw stream

Results of selection process and shortlisted cases are summarized in table 5, section 3.2.

2.4. Detailed evaluation of the selected sectors

As a final step, from the shortlisted target sectors, specific CO2 generation value chains were selected and evaluated in
detail. The main factors considered in this step were:

- CO2 stream detailed characteristics (this information will be shared with scientific partners in order to work
together about processes limitations, pre-treatment needs etc.)
o  Composition:
= COzrichness (%)
= Pollutants: poisoning catalysts or downstream micro-organisms inhibitors (identification and
concentration)
= other compounds to be positive or inert for the downstream processes (identification and
concentration)
o  Flow, average and seasonality (if any)
o  Pressure and temperature
- Availability: Is the CO: already used/sold or it is released to the atmosphere? High concentration CO streams
are currently re-used or sold to third parties. This fact could limit the competitiveness of the CO2SMOS toolbox
solutions
- Replicability: is the selected case a one-of-a-kind facility or are there similar facilities to be considered?
- Geographic analysis:
o ldentification of high emission areas per sector.
o Identification of end-users proximity
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2.5. Database creation and facilities mapping

Preliminary Database from selected EU biogenic CO2 emissions sources was created.
Database information included:

- Name of the plant,

- Sector

- Location (City and Country)

- CO2 production (when data is available)
Reported plants were (manually) located in an EU map in order to evaluate the areas where other stakeholders of
CO2SMOS are already established and specific synergies could be deployed.

Next step (in progress) is digitally locating these facilities in a map by using a GIS (the ARC SIG software is suggested)
and publishing the reference facilities map it in the CO2SMOS website. This work is predicted to be done by WP1/WP6
along the project.
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3.Results. EU preliminary sources

3.1. General overview and sectors description

General quantification of the CO2 sources is presented in Table 3, as well as general characteristics of the sector and
CO2 stream. These aggregated data offer an overview of the potential future replicability of CO2SMOS. These data was
presented by WP1 to the partners in the plenary meeting virtually celebrated in M6.

TABLE 3.

CO2 source

MtCO,/year

EU scope

Remarks

COz current uses

emitters sector (Refinery, Steel,
Cement)

Solid biofuels combustion 437 [2] 3-8% Small sources No current CCU
High degree of dilution
Biogas combustion 53-58 8-12% Small sources No current CCU
High degree of dilution
Bioethanol production 4.4-571 100% 58 first generation bioethanol Dry ice
plants in Europe 43 in the UE [3]
Greenhouses
(big sources) ;
Food packaging
High CO2 concentration
FAB 1.44 (Beer) [3] 100% To be considered only for big Reuse in the same
producers industry
1.48 (Wine) [3]
High CO2 concentration
Other industrial fermentations  To be quantified Aerobic fermentations No current use
(Biorefineries) Heterogeneous group of one-of
a- kind facilities [4]
Biogas upgrading 3.14 (biogas 95-99% 483 plants in EU (2018) No current use
upgrading) [3]
729 plants in EU (2020) [4]
Bio-Syngas Prospective 5-30% Syngas from biomass/biowaste -
gasification
Fossil2bio conversion Prospective 10-100%  Bio fuels introduction in high -

*Reference year depending on the source

Summing up the reported sectors contributions, more than 500 Mt biogenic COz are produced annually in Europe.

However, it should be highlighted that only a fraction of this CO2 potential is available for valorization.




3 SMOS

Solutions for a circular biobased industry

3.2.Shortlisted cases

According with the methodology and criteria described in section 2.3, pre-selection of cases were performed.

Biofuel combustion processes (as it was already mentioned in the GA and in section 2.2 of this deliverable), sectors such
as biofuels combustions (biomass and biogas) are considered out of the scope of this project, and therefore they shouldn’t
be selected as targets. Biofuels combustions could take place in both medium-size and small (even domestic) facilities
what is resulting in relatively disseminated generation points. This fact is promoting the diseconomy of scale (to be taken
into account in the future technology integration). Moreover, combustion processes are disadvantageous, due to the
high dilution CO2 stream generated. For all these reasons, the detailed study of these sectors is not carried out in this
report

Fermentation processes (cells marked in blue) Anaerobic and aerobic fermentations of organic matter are, from an initial
approach, the most favorable towards the CO2SMOS platform implementation. It was already advanced in the GA that
these processes are rather attractive for the project scope due to the fact that COz is easy to capture and very high quality.
However, this CO2 is not always available: it is frequently re-utilized within the production plant (for instance in case of
most beverage industries) or sold to other industrial sectors due to its purity (vegetables fertilization/ripening in
greenhouses, inert atmospheres in food packaging or dry ice fabrication are the most common uses). Thus, that current
uses of CO2, could hinder the CO2SMOS implementation in this type of industries, due to the competitiveness of the
market. However, CO2SMOS approach aims to convert CO2 into a renewable carbon source for producing higher added
value chemicals that facilitate the decarbonization of the chemical/agro-food industry, and definitively improve the
sustainability and competitiveness of the bio-based industries sector as a leader in the strategies for mitigating the effect
of the GHGs effects. Among fermentation processes, the following aspects should be considered:

- CO; generated in waste management processes are targeted as future potential replicability scenarios for the
CO2SMOS, and therefore their detailed analysis is not adequate at this stage of the project. It will be undertaken
by WP6 in M12-M48 within tasks 6.1 and 6.2

- CO2 emitted in bioethanol generation when it is finally used as a fuel should be also discarded. It is noted that
approximately the 80% of the bioethanol generated in UE is used as a fuel. When database was constructed,
this fact was taken into account, when possible.

Biogas upgrading. Biogas is generated when the organic matter is decomposed in anaerobic conditions. Biogas upgrading
to biomethane is generating very pure CO2 streams (up to 100%v). This biogenic source is typically released to the
atmosphere, what brings a wide potential for valorization (and decarbonization). Most of these biogas facilities are
centralized plants devoted to manage local wastes (municipal or agro-industrial). As it was mentioned before the CO;
generated in waste management processes will not be analyzed at this stage of the project. It will be undertaken by WP6
in M12-M48 within tasks 6.1 and 6.2

No much available sources or information have been found that allow us to quantify the so-called emerging sectors.
Moreover, their evolution is also difficult to predict. As a consequence of that fact, it was decided that these sectors were
also not be selected for a detailed study.
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TABLE 4. Shortlisted cases

CO; source Remarks

Bioethanol production Big sources

High CO2 concentration
COz is (food quality) currently used/sold

Bioethanol for fuel purposes should be excluded

FAB High CO2 concentration
CO2 is (food quality)currently used/sold

Most of them are producing process CO; and CO> from biogas
upgrading (2 sources).

Other industrial fermentations (other bio-refineries) Not quantified
Heterogeneous sector composed by a group of one-of-a kinds

Aerobic fermentations of bio-products

Biogas upgrading Only biogas production when side process (not waste
management plants)

FAB sector

Energy Crops anaerobic digestion plants

Selected sectors and their main characteristics are shown in Table 4 above:

1. Bio-refineries generating CO: in fermentation processes.
a. Bioethanol producers (when bioethanol is derived to chemicals production)
b. Other bio-refineries producing CO2 focused on chemicals and bioplastics (Novamont Case)
2. Food and beverage industries CO2 is generated by sugar fermentation
3. Biogas/Biomethane sector (not waste management plants). This includes FAB anaerobic digestion and Energy
Crops Fermentations as well as other plants non-devoted to waste management but producing biogas in their
sites.

This four types of value chains were studied and decided to be included in the final Database.

3.3.Results of detailed evaluation

3.3.1. CO; from the bioethanol industry

Bioethanol is mainly produced by the sugar fermentation process: the main sources of sugar come from grain, leaves and
stems of energy crops such as corn, maize and wheat. The European Commission Renewable Energy Directive (REDII)
differentiates between advanced and non-advanced (first generation) bioethanol, depending on the starting feedstock.
Conventional (first generation) bioethanol can be produced using feedstock such as sugars, starches, oil bearing crops.
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On the other hand, advanced bioethanol (second generation) can be produced by lignocellulosic residues, or solid waste
streams (as described in Annex IX, part A of the RED Il).

Bio-ethanol research and development activities (motivated by the REDII support to advanced biofuels) are aimed to
develop second generation bio-ethanol that use lignocellulosic or woody materials as a feedstock. These materials are
less expensive, more abundant and environmentally favourable, and include short rotation energy crops, agricultural
residues, forest residues, waste woods, and cellulosic fraction of municipal solid waste.

Bioethanol manufacturing process emits biogenic CO2 as a by-product (at a ratio of 950 kg of biogenic CO2/ 1 ton of
bioethanol) along with other products usually destined to the agro-food industry (protein for animal feed, lignin etc).
Carbon dioxide from bioethanol production is relatively easy to be captured and pure enough to meet the requirements
to be directly utilized in the FAB industry, or as a precursor for the production of ethylene oxide.

There are approximately 58 first generation bioethanol fermentation plants in Europe [3]. Most of them are based in
France (17 plants), followed by Germany (8 plants) and the UK (5 plants). According with ePURE members production,
2020 the 79.2% of renewable ethanol production was destined to fuel, industrial application and food and beverage
market represented the 15,2% and 5,6% respectively. ePURE members production is accounting for the 85% of the
renewable ethanol production in Europe [4].

F&B
6%

Industrial
15%

Fuel
79%

B Fuel M Industrial B F&B

FIGURE 3. Renewable ethanol production destination. SOURCE: Own elaboration using ePURE data

Number of second generation bioethanol plants is expected to grow in the oncoming years thanks to the REDII supporting
framework, despite the current operational costs (derived of the pre-treatment needs) of second generation bioethanol
production. Number of first generation and second generation bioethanol plants per country are displayed in Table 5. [5]

For this deliverable database, only those plants generating bioethanol destined to the chemical or the FAB industry will
be considered. Plants producing bioethanol exclusively as a fuel will be discarded in this specific document, even if the
complete bioethanol sector will be taken into consideration when replicability studies are performed by WP6.
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TABLE 5. Operative First generation and Second generation bioethanol plants in Europe by Country (Source: BIKE project
adaptation [5])

COUNTRY Number of ethanol plants Advanced bioethanol plants (2G)
Belgium 3 1

France 17 2
Germany 8 1
Hungary 2

UK 5

The Nederlands 1

Bulgaria 1

Croatia 1
Denmark 1

Finland 1

Italy 1
Norway 1Pilot + 1
Poland 1
Sweden 2

Bioethanol plants characteristics and main figures are:

- Average Size: The majority of ethanol plants are large facilities producing millions of kg of product per year
(due to economy of scale), and therefore, large streams of CO: are generated (MkgCOz/year)

- CO2 produced is a high concentration flow, containing small amount of impurities that could be removed
with minor processing (and cost). This fact reduces the availability of CO2 from bioethanol to be valorised.

o  Bioethanol producers in Europe commercialized 0.4 Mt CO2 utilization in 2016 [4].

- Other synergies within CO2SMOS: presence of by products, wastes or side-streams that could be of interest

in CO2 transformation pathways developed in (Tech#3 by WP3): PUFAs, lignin.
The most representative bioethanol plants are listed in Annex I.

3.3.2.CO; from FAB industry

Sugar fermentation processes to ethanol in the food and beverage industry results in high purity biogenic CO2 generation.
Within this sector, it is worth mentioning as main industrial processes the production of beer, wine and the processes
that involve acids fermentation (for instance citric acid).

Beer industry facilities main features are:

- Average Size: small to medium size facilities. In the EU framework, the majority of breweries (around 71%
[6]) are small producers and microbreweries and therefore emission sources are small and with high degree
of dispersion.

- High quality biogenic CO2 stream is produced (food quality degree) but reused as protective gas in the filling
system.
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Wine industry facilities characteristics are:

- Average Size: small to medium size facilities (similar to beer industry)

- High quality biogenic CO2 stream is produced (food quality degree) but reused as protective gas in the filling
system

- Availability/ Seasonality: In case of wine fermentation, it should be highlighted that the annual CO2
production is concentrated in 3 months due to the seasonality of the winery process. This fact could prevent
the scalability and replicability of the CO2SMOS platform in this type of industries. The unitary amount of
CO:2 production is also dependant of the type of wine that is produced (red, white or sparkling wine).

- Other synergies within CO2SMOS: presence of by products, wastes or side-streams that could be of interest:
grape seeds are sources of PUFAs (to be used in Tech#3 by WP3) and lignin, as a precursor of biocatalysts
(Tech#3 by WP3)

Geographical location of wineries is intensive in Spain, France and ltaly, directly related with the grapes production as it
is shown in Figure 4. According with EUROSTAT, Italy, France and Spain comprised close to three quarters (74.1 %) of
the EU production in 2015.

Nodata 0t 346,598 t 1 million t 1.92 million t 3.04 million t
]

FIGURE 4. Grapes production in 2019. SOURCE: FAO

Eurostat identifies the areas where grape cultivation and wine production is more intensive, detailing the proportion of
agricultural land used for grape cultivation (Figure 4).
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FIGURE 5. % of total utilized Area (in grape cultivation).SOURCE: EUROSTAT 2017

In a similar way, a parallelism could be established between barley production and beer industry. According to the FAO,
beer is produced in around 160 countries worldwide, being Europe the second continent in beer production. Barley is
grown in more than 100 countries. The majority of the world’s barley is produced in Russia, followed by Germany, France
and Ukraine. Australia, Canada, Spain, Turkey, the United Kingdom and the United States of America complete the top
10. [9] Europe main producers are displayed in Figure 5.
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FIGURE 6. Barley production in Europe 2018. SOURCE: FAO.

3.3.3.CO; from Biogas/biomethane

Biogas is a mixture of gases (approx. 60% CHs and 40% CO2 in composition) generated by organic matter is decomposition
in anaerobic conditions (absence of oxygen). Biogas is typically produced in landfills, wastewater treatment plants (by
sewage sludge anaerobic digestion) or solid waste treatment plants (municipal or agro-industrial).

Biogas could be directly burned in engines for electric/thermal valorization or be upgraded to biomethane. Upgrading
process consists of CO2 and impurities separation from the raw biogas, in order to produce a renewable fuel gas
equivalent to natural gas that could be used as vehicular fuel or being introduced into the natural gas network. There are
several mature technologies to achieve the required biomethane quality: physic-chemical processes (Pressure Swing
Adsorption, Chemical Absorption, Cryogenic and Membrane separations) and biological processes.! These technologies
are aimed at separating the CO; from the CHa, being the CHs generation their principal production objective. The
generated CO; is typically released to the atmosphere with no further use. Hence, biogas upgrading plants offer a
significant potential of biogenic CO2 production.

1 CCUs Technologies are studied in specific Deliverable D2.1 Upstream processing and upgrading of industrial biogenic
CO2 emissions
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FIGURE 7. Biogas/biomethane generation process. Source: European Biogas Association

According with the European Biogas Association (EBA) the number of biomethane plants in Europe has grown
exponentially in recent years, from 483 in 2018 to 729 plants in 2020. Europe reached a total of 1,023 biomethane
producing facilities by October 2021. Of those, 994 plants were located by the EBA and showed on 2021’s map. [4] [8]
[9].

European biomethane production evolution is displayed in Figure 8.
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FIGURE 8. European biomethane production. SOURCE: EBA statistical report 2021

Main properties of this specific sector are described below

a. Size: small to medium-size plants (up to 4 tCO2/day- 200 kgCO2/hour)
b. CO:2 concentration: High purity stream (from 95-99%) containing water
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c. Impurities: water, sulphur compounds (H2S and COS) and COVs if biogas is not pre-treated (the minority
of cases). If so, cooling and desulphurization system should be installed.

d. Available for valorisation (no-current use)
Other synergies within CO2SMOS: availability of other potentially recoverable streams such as lignin
sources (waste stream originally discarded for anaerobic digestion).

EBA is classifying biomethane plants according with their organic matter feedstock origin. This could be: energy crops
(ENC), agricultural waste (AGR), municipal solid waste (MSW), landfill (LAN), food and beverage industry (FAB) or sewage
sludge anaerobic digestion (SWS) [4]. Among the reported plants in the European Biomethane Map 2020 [9], FAB and
Energy crops facilities are selected and listed in the database ?(Annex Il), because they are considered to be the most
favorable for implementation and meeting the requirements of the CO2SMOS call.

Biogas to biomethane plants are relatively small plants and they are scattered throughout the European geography. 97%
of the Energy Crops based plants are located in Germany and England, with Germany being the main contributor (with
more than 78% of the number of operating facilities in 2020). Biomethane plants in the Food and Beverage sector are
principally located in England, followed by France, The Nederland and Germany.

3.3.4.CO; from Other fermentations. Bio-refineries. (NVMT Case)

This section is tackling the subset of other industrial aerobic fermentation processes. Aerobic fermentation is usually a
briefer and more intense process than anaerobic fermentation, and occurs in presence of oxygen and specific
microorganisms. CO: is generated as a by-product together with the desired bio-product whose variability is very wide
(amino-acids, diamines, diols, adipic acid).

This processes are in continuous development and therefore have a high degree of R & D. Industrial/pilot operating plants
in the UE and are in different stages of development (TRL), therefore they constitute a very heterogeneous group both
with respect to the plants feedstock and the pursued bio-products. Considering this facts, the data collection process for
the creation of a specific database of this type of biorefineries was not an easy or immediate task.

FIGURE 9. Biorefineries distribution in Europe [13]

2 Classification by origin is done in the 2020’s EBA biomethane map version, but not in 2021’s version
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As an example of this type of biorefineries, the case of our internal stakeholder Novamont is described:

The industrial plant by MATER-BIOTECH (part of Novamont’s group) represents the world’s first industrial plant that can
produce butanediol (1,4 BDO) directly from sugars, through fermentation processes. Launched in 2016, the plant has a
production capacity of 30,000 tons per year and has been conceived to reuse by-products for its own energy purposes
thus optimizing the life-cycle of the entire process. After fermentation, cells are valorised in anaerobic digestion to
produce biogas to energetically sustain the biorefinery processes. More recently, a biogas upgrading unit has been
installed to separate biomethane from biogenic CO2. Thus, two streams of biogenic CO2 are available from NVMT
biorefinery could be exploited by CCU technologies include (see Table 6 for detailed description):

(a) direct fermentation of sugars into 1,4-BDO

(b) anaerobic digestion of waste cellular sludge”

TABLE 6. Examples of sources of biogenic CO2 being considered for exploitation of the Project CO2SMOS’s results.
Source: Novamont group

CO; source Characterization Envisioned use of biogenic CO; after successful

exploitation of the CO2SMOS results

Microbial metabolism 15-20% Contains oxygen, nitrogen = Conversion into high added value biochemical and
during direct and/or other compounds biodegradable biopolymers

fermentation of sugars

in biobased 1,4-

butandiol
Biogas upgrading from | >95% Contains oxygen, nitrogen | Conversion into high added value biochemical and
valorization of spent and/or other compounds biodegradable biopolymers

fermentation media
and by anaerobic
digestion

3.4.Database creation

Information collected during the elaboration of this deliverable is displayed in tables (see Annex) according with the
following classification:

Bioethanol (Annex I)

Biogas (Annex Ill)

Food and Beverage industry (Annex Il)
Biorefineries (Annex I)

B

Database is containing the following information: sector, name of facility, location (city and country) and other relevant
information. No sensible/confidential information is included.

This database is conceived as a powerful tool and source of information for the CO2SMQOS platform, and therefore is
intended to be a living document that provides continuous information along the project duration. Several strategies are
planned to assure this:

- Periodicinteraction with case-users (internal stakeholders)
- Webinars and diffusion activities including collaboration and participation with other CCUs projects in working
sessions and conferences
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- Website support: creating a section where new stakeholders are welcome to interact, provide non-sensible
information, register their facility, ask questions etc.

3.5.Mapping

In step, geographical location of the identified plants was transferred to an EU map. Apart from a merely location of the
targeted facilities, the main objective of this task was to identify clustering or influence zones where CO2SMOS could be
advantageously implemented due to effective synergies with other stakeholders.

Several areas of special interest where CO2 generation activity is most intense have already been identified, including 49
specific Region published in the BIC Bioeconomy platform [10]. The list of this regions is included in the Annex V.

Number of integrated borefinees
per 10,000 K=

0-1

1-2

2-10
>10

FIGURE 10. Density of integrated bio refineries per country [13]
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Preliminary approach allows for identifying areas of high interest, where bio-based activity is intensive:
- In France
o Northern France (Paris, Hauts de France- Lille, Dunquerke),
o Auvergne and Rhone-Alps region are intensive in bio-based products production.
o Montpellier and Aix-en-Provence areas.
- Coastal areas of the Netherlands (Brussels in Belgium, Amsterdam in Holland),
- Western Germany near the Dutch border: Bonn, Colon and Dusseldorf area in Germany
- Berlinarea
- Northern Italy: Lombardia, Piemonte, Veneto
- Eastern coast in Greece (for liquid biofuels)
- The Mediterranean coast of Spain and especially the metropolitan area of Barcelona have numerous plants
dedicated to the production of bio-chemicals.

Next step is identifying if these key areas could constitute the basis for local bio products hubs where symbiosis networks
could be established. That is specific influence zones where the BBI are located close to another and taking the
opportunity to share resources and boost the circular economy. Moreover, potential actuation areas could be also
selected in order to promote the future CO2SMOS implementation.

3.6. Website publication

Database and mapping will be published in the CO.SMOS website ( ) in specific
information section. No sensible information will be included. This task will be performed by WP8 (within
communication/dissemination activities).

Externals stakeholders will be encouraged to consult and provide information (i.e. correcting mistakes, adding new
facilities or missing data), according with the horizontal activities (stakeholder engagement) to be developed by WP8.
The final objective is to create an on-line workplace capable to promote the synergies between the interested industries.

4.Conclusions

Total biogenic CO2 emissions in Europe were assessed, concluding, as already predicted in the GA, that there is an
enormous potential for valorization. Even if only a part of them can be considered in the scope of CO2SMOQOS, it is
found that its potential for replicability is also very high in other sectors.

Most favorable sectors for CO2SMOS implementation are recognized (bioethanol production, biogas/biomethane
generation, food and beverage industry and fermentation bio-refineries).

Among the identified sectors, large amount of eligible biogenic CO: is detected, however, high quality/purity biogenic
COz sources are not always available for its use, since they are currently recycled into the main manufacturing process
(i.e. wine and breweries) or sold to third parties for specific and restrictive utilization purposes requiring the achieved
quality (food-grade CO:2 for food packaging, greenhouses, etc.)

There is a significant amount of non-classified fermentation facilities similar to Novamont that are defined as first-
of-a-kind plants in continuous development (with strong effort and investment in R+D). This sector is considered very
promising for the implementation of the CO2SMOS solutions, due to its synergies with the CO; transformation
pathways and its strong commitment to the circular economy and decarbonization on which the sector is based.

Biogas to biomethane sector (non-waste management driven plants) is also a growing source of high concentration
biogenic CO2to be considered for future replication and up-scaling projects in analogous sectors to BBI’s. the main
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limitation for CO2SMOS development is their relatively small size that could restrict the advantages related with the
economy of scale.

Great number of outstanding facilities are identified, listed in the Database and and located in the European
Framework, where several influence areas are preliminary established taking into account, not only the intensity of
emissions but also, synergies with other stakeholders in the CO2 transformation value chain. This information will set
the bases for future activities such as replicability studies.
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ANNEX |: Bioethanol and bio-refineries

Pischelsdorf Biorefinery = Pischeldorf

Hallein Mill
Aalst Plant

Alco biofuel

Wanze Bioethanol
Plant

Almagest

Essentica Ethanol Plant
Eta Bio

Chrudim Plant

Dobrovice Plant

Sisak

Inbicom Biomass
refinery

Kajaani

Chempolis Biorefinery
Park

Kanteleen Voima

Etanollix Vanta
Etanolix Jokioinen
IFP

ARD

GRACE

Crescentino
Borregaard Sapsborg
ORLEN Potudnie
Podari

BIOSKOH h2020

Domsjo biorefinery
area
Ornskoldsvik 2

Etanolix Gothenburg

Hallein
AALST

Ghent

Wanze

Ihtiman
Katunitsa
General Toshevo
Chrudim

Dobrovice

Sisak
Kalundborg

Kajaani
Olulu river

Hapaavesi
Vantaa

Hammelinah
Bucy-le-Long
Pomacle

Straubing
Crescentino
Sarpsborg
Trzebinia

Podari (Dolj county)

Ornskoldsvik
Ornskoldsvik

Gothenburg

AUSTRIA

AUSTRIA
BELGIUM

BELGIUM

BELGIUM

BULGARIA
BULGARIA
BULGARIA
CZECK REPUBLIC

CZECK REPUBLIC

CROATIA
DENMARK

FINLAND
FINLAND

FINLAND
FINLAND

FINLAND
FRANCE
FRANCE

GERMANY

ITALY

NORWAY
POLAND
ROMANIA
CZECK REPUBLIC
SWEDEN

SWEDEN

SWEDEN

AGRANA
Bioethanol GmbH
(www.agrana.com)
AustroCel

Tereos Starch & Sweeteners Europe
(www.tereos-starchsweeteners.com)

Alco Group

BioWanze SA (www.biowanze.be)

Almagest
Essentica
Clariant and Eta Bio

Tereos Starch & Sweeteners Europe
(www.tereos-starchsweeteners.com)

Tereos Starch & Sweeteners Europe
(www.tereos-starchsweeteners.com)

INA -Axens
The Dong/Inbicon/RE Energy

Cellulonix /St1 Biofuels (novozymes)

Chempolis

NordFuel Oy
stl
stl

IFP Tereos

ARD

Clariant

PROESA

Borregaard

PKN ORLEN

Clariant

ENERGOCHEMICA TRADING AS
Domsjo Fabriker AB

Sekab-Vertoro (RISE-MoRE Research)

stl
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ANNEX II: Biomethane plants (F&B industry)

IDENTIFICATION
[12]
AT-2
FR-7
FR-75
FR-80
FR-86
FR-90
FR-96
FR-101
DE-8
DE-11
DE-187
DE-201
DE-220
DE-228
HU-1
IT-8
IT-13
NL-9
NL-13
NL-14
NL-16
NL-21
NL-29
NL-39
NL-44
NO-05
NO-07
NO-08
NO-11
SE-48
CH-1
CH-14
CH-35
UK-1
UK-2
UK-3

LOCATION

Bruck an der Leitha
Golbey

APT

Ville Neuve sur Lot
Essarts en Bocage
Chateaulin
Saint-Gérand
Loudéac

Altenstad Schongaw
Anklam

Schwedt

Trebsen

Wurth

Zirbig

Kaposvar

Faenza (RA)
Bottrighe (RO)
Bunschoten-Spakenburg
Dinteloord
Dinteloord
Groningen

Hoorn

Middenmeer
Vierverlaten

Well

Gr@daland
T@nsberg

Halden

Sarpsborg

Orebro

Aarberg

Michwilen
Niederglisgen
Southwold (IP18-6JW)
Aston Clinton (HP22 5W)J)
Aspatria (CA7 2AR)

COUNTRY

AUSTRIA

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE

FRANCE
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
HUNGARY

ITALY

ITALY

THE NEDERLANDS
THE NEDERLANDS

THE NEDERLANDS
THE NEDERLANDS

THE NEDERLANDS
THE NEDERLANDS
THE NEDERLANDS
THE NEDERLANDS
NORWAY
NORWAY
NORWAY
NORWAY
SWEDEN
SWITZERLAND
SWITZERLAND
SWITZERLAND
U.K.

U.K.

U.K.

Nm3/h
bioCH4

no data

500
184
143
531
714
357
204
522
550
770
3025
550

3025
750
2000
450
720
1350

750
900

26
720
1320
270
780
600
490
375
1280
250
280
160
33
990
550

2007
2018
2020
2015
2017
2018
2019
2019
2009
2013
2012
2018
2016
2010
2015
2019
2020
2010
2010
2010
2009
2020
2012
2012
2011
2016

2015
2009
2013
2011
2018
2014
2016
2016
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UK-8 NorthCave (HU15 2PG) U.K. 500 2017
UK-12 Charlynch (TA5 2NJ) U.K. 550 2009
UK-29 Avonmounth (BS11 0YS) U.K. 1375 2012
UK-30 Chapeldonan (KA26 9PT) U.K. 2750 2009
UK-48 Leeming (DL7 9LY) U.K. 550 2015
UK-49 Barking (RM9 6RA) U.K. 1100 2017
UK-50 Monk Frynston (LS25 5DN) U.K. 550 2016
UK-54 Newton Aycliffe (DL5 6AB) UK. 660 2013
UK-60 West Bank (WAS8 OPB) U.K. 1100 2014
UK-62 Merton (CR4 4NA) UK. 550 2013
UK-79 Bishop's Cleeve (GL52 7DG) U.K. 550 2015
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ANNEX lll: Biomethane plants (Energy Crops)

IDENTIFICATION

AT-3

AT-4

AT-9

DE-1

DE-2

DE-3

DE-4

DE-5

DE-6

DE-9

DE-10
DE-12
DE-13
DE-14
DE-17
DE-18
DE-19
DE-20
DE-21
DE-22
DE-23
DE-25
DE-26
DE-27
DE-30
DE-31
DE-32
DE-35
DE-36
DE-37
DE-38
DE-39
DE-40
DE-41
DE-42
DE-44
DE-45

LOCATION

Engerwitzdorf
Eugendorf
Steindorf/Salzburg

Aicha (Osterhofen)
Achstetten
Aiterhofen/Niederbayern
Allendorf-Eder

Bahrdorf, Niedersachsen
Altenhof
Altenstad/Hessen
Angermiinde
Apensen/Grundoldendorf
Ameburg

Amschwang

Badeleben

Barby

Barleben

Barsikow

Beerfelde

Beetzendorf
Bergheim/Paffendorf
Bilburg

Bitterfeld-Wolfen
Blankenhain

Brandis Waldpolenz
Bruchhausen-Vilsen
Brumby

Dannenberg
Dannheim/Arnstad/llmenau
Dargun
Darmstadt-Wixhausen
Darmstadt-Wixhausen |
Dessau- Rof3lau

Dorsten

Drégennindorf
Ebsdorfergrund
Eggertshofen bei Freising

COUNTRY

AUSTRIA

AUSTRIA

AUSTRIA

GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY

Nm3/h
bioCH4

125
55
68

660

300

1100

193

385

770

770

358

385

700

770

220

385

413

660

770

385

770

350

370

358

770

385

770

220

110

1375

165

330

385

385

385

495

275

YEAR

2010
2008
2012
2012
2012
2009
2013
2011
2013
2012
2009
2012
2013
2010
2014
2015
2012
2015
2016
2015
2016
2013
2019
2011
2013
2011
2013
2010
2014
2010
2008
2011
2014
2014
2010
2012
2010
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DE-46 Eggolsheim (Kreis Forchheim) GERMANY 385 2013
DE-47 Eich in Kallmiinz GERMANY 385 2010
DE-48 Eimbeckhausen GERMANY 350 2011
DE-49 Einbeck GERMANY 550 2009
DE-50 Erdeborn GERMANY 550 2017
DE-51 Elsteraue GERMANY 660 2012
DE-52 Eschbach/Breiscau (Heitersheim) GERMANY 550 2012
DE-53 Ettlingen GERMANY 330 2008
DE-55 Forchheim in Breisgau GERMANY 550 2010
DE-56 Forst GERMANY 770 2014
DE-59 Fuhsetal GERMANY 700 2014
DE-60 Fiirth/Seckendor GERMANY 770 2012
DE-61 Gardelegen GERMANY 385 2013
DE-63 Gellersen (Kirchgellersen) GERMANY 358 2013
DE-64 Genthin GERMANY 550 2016
DE-65 Glesen GERMANY 193 2012
DE-66 Glentorf GERMANY 385 2014
DE-67 Godenstedt GERMANY 330 2012
DE-68 Gollhofen-Ippesheim GERMANY 770 2011
DE-69 Gommern GERMANY 700 2017
DE-70 Graben/Lechfeld GERMANY 344 2008
DE-72 Grabsleben GERMANY 370 2010
DE-73 Grabsleben I GERMANY 605 2019
DE-74 Grobern GERMANY 358 2015
DE-76 GroRkelle/Malchow GERMANY 275 2011
DE-77 Gustrow (Mecklenburg-Vorpommern) GERMANY 5500 2009
DE-78 Gutergluck GERMANY 660 2009
DE-79 Hadmersleben GERMANY 770 2013
DE-80 Hage GERMANY 220 2013
DE-81 Hahnennest GERMANY 550 2012
DE-82 Haldensleben/ohretal/Satuell GERMANY 770 2012
DE-83 Haldensleben/ohretal/Satuell Il GERMANY 770 2015
DE-84 Halle/Westfalle GERMANY 385 2014
DE-86 Hankensbuttel/Emmen GERMANY 385 2011
DE-87 Hardegsen GERMANY 303 2009
DE-88 Heidenau (Heidkoppel) GERMANY 385 2013
DE-89 Hellerwald/Boppard GERMANY 770 2013
DE-90 Heygendorf GERMANY 385 2015
DE-91 Hohenhameln-Mehrum GERMANY 358 2012
DE-92 Holleben (I) GERMANY 358 2011
DE-93 Homberg/Efze GERMANY 193 2010
DE-94 Horn-Bad Meinberg GERMANY 1100 2009
DE-95 llsede Solchen GERMANY 700 2017
DE-97 Jabel/Waren GERMANY 385 2015
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DE-99 Jirgenshagen (bei Rostock) GERMANY 385 2011
DE-100 Kannawurf GERMANY 770 2013
DE-103 Kerpen GERMANY 550 2009
DE-104 Ketzin GERMANY 110 2008
DE-105 Kirchhain-Stausebach GERMANY 385 2014
DE-107 Klein Schulzendorf/Trebbin GERMANY 413 2012
DE-108 Klein Wanzeleben GERMANY 770 2012
DE-112 Kockte GERMANY 358 2013
DE-113 Kodersdorf GERMANY 770 2015
DE-114 Koénern 1 GERMANY 358 2007
DE-115 Koénern 2 GERMANY 1815 2009
DE-116 Kroppenstedt GERMANY 770 2014
DE-117 Langenwetzendorf GERMANY 750 2019
DE-118 Lambson GERMANY 385 2014
DE-119 Laupheim Il GERMANY 165 2008
DE-120 Laupheim Il GERMANY 330 2011
DE-121 Lehma GERMANY 605 2011
DE-122 Leizen GERMANY 385 2013
DE-123 Lenzen GERMANY 770 2016
DE-124 Leuben GERMANY 770 2012
DE-125 Lichtensee GERMANY 825 2012
DE-126 Loop GERMANY 450 2014
DE-127 Lichow GERMANY 385 2009
DE-128 Ludershagen/Starlsund GERMANY 385 2013
DE-129 Maihingen GERMANY 330 2008
DE-130 Malchin GERMANY 700 2018
DE-131 Malstedt GERMANY 385 2011
DE-132 Mammendrof GERMANY 380 2014
DE-133 Marienthal GERMANY 385 2013
DE-134 Marktoffingen GERMANY 193 2013
DE-135 Menteroda GERMANY 770 2015
DE-136 Merzig GERMANY 605 2011
DE-137 Miden (Aller) GERMANY 385 2011
DE-138 Mihlacker GERMANY 550 2007
DE-139 Neubrandenburg/Neuhardenberg GERMANY 385 2016
DE-140 Neuburg-Steinhausen GERMANY 770 2014
DE-141 Neukammer 2 (Nauen) GERMANY 770 2010
DE-142 Neuss am Niederrhein GERMANY 165 2010
DE-143 Niederndodeleben | GERMANY 770 2009
DE-144 Niederndodeleben Il GERMANY 770 2014
DE-145 Niederroblingen GERMANY 385 2014
DE-146 Nonnendorf GERMANY 770 2014
DE-147 Nordhausen (Bielen) GERMANY 440 2015
DE-148 Oberriexingen GERMANY 523 2011




DE-149
DE-150
DE-151
DE-152
DE-153
DE-154
DE-155
DE-156
DE-157
DE-158
DE-159
DE-160
DE-161
DE-163
DE-164
DE-165
DE-166
DE-167
DE-168
DE-169
DE-170
DE-171
DE-172
DE-173
DE-174
DE-175
DE-176
DE-178
DE-180
DE-181
DE-182
DE-183
DE-184
DE-185
DE-186
DE-188
DE-190
DE-191
DE-193
DE-194
DE-195
DE-196
DE-198
DE-199

3 SVO

Oebisfelde-Weferlingen
Oebisfelde Il

Oschatz (Leuben)
Osterby

Ottersberg
Palmersheim-Euskirchen
Parum Parchim

Penkun

Pessin

Pirmasens

Plaidt

Platten

Pliening
Pritzwalk-Neudorf (Wolfshagen)
Quesitz/Markranstadt
Rackwitz

Raitzen

Ramstein

Rathenow

Ratzlingen

Reimlingen

Rhede
Riedlingen-Daugendorf
Roblingen am See/Stedten
Ronnenberg

Rosche

RoRwein/HaRlau
Sachsendorf

Sgard (Rigen)
Schéllnitz

Schopstal

Schuby, Schleswig-Holstein
Schwaigern
Schwandorf

Schwarme

Schwedt Il

Seelow

Semd( GroR Umstadt)
StaRfurt

Straelen

Stilpe
Tangstedt/Buitzberg
Thierbach

Tuningen

GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY
GERMANY

770
770
660
385
358
385
600
770
385
385

770
275
770
770
770
660
385
550
385
770
484
660
358
358
385
385
358
715
770
770
350
1000
1100
385
770
770
220
770
275
358
520
770
275

2013
2014
2011
2011
2012
2011
2017
2016
2015
2016
2018
2016
2006
2012
2012
2013
2015
2012
2009
2012
2015
2012
2012
2012
2008
2012
2011
2013
2012
2012
2011
2014
2008
2011
2011
2011
2011
2010
2015
2006
2011
2014
2016
2009
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DE-200 Torgelow GERMANY 700 2018
DE-202 Uchte GERMANY 770 2011
DE-203 Unsleben GERMANY 385 2010
DE-204 Vahldorf/Jerleben GERMANY 800 2019
DE-206 Vehlefanz GERMANY 770 2013
DE-208 Vettweill GERMANY 303 2016
DE-209 Weikersheim GERMANY 385 2015
DE-210 Weillenborn-Liderode GERMANY 385 2013
DE-214 Wetschen GERMANY 688 2010
DE-215 Willingshausen/Ransbach GERMANY 193 2010
DE-216 Wittenburg GERMANY 385 2015
DE-217 Wolfersheim GERMANY 660 2012
DE-218 Wolfshagen GERMANY 770 2014
DE-219 Wolnzach (Hallertau) GERMANY 1210 2012
DE-221 Wriezen GERMANY 358 2011
DE-222 Wiisting/ Hude GERMANY 660 2009
DE-223 Zerbst GERMANY 770 2014
DE-225 Zeven GERMANY 138 2009
DE-226 Zeven | GERMANY 138 2012
DE-227 Zittau GERMANY 275 2012
DE-230 Zilpich GERMANY 385 2014
DE-231 Lanken/Wotersen GERMANY 410 2009
DE-232 Lauterhofen GERMANY 485 2013
LU-1 Itzig LUXEMBURG 200 2010
SE-59 Trelleborg (Jordberga) SWEDEN 2200 2014
UK-4 Austrey (CV9 3EA) UK 1000 2016
UK-7 North Water Bridge (AB30 1QR) UK 550 2016
UK-9 Bromham (SN15 2DX) UK 550 2016
UK-10 Stoke Bardolph (NG14 5H)) UK 600 2010
UK-14 St. Boswells (TD6 OBT) UK 550 2015
UK-15 Coston (NR9 4DT) UK 700 2014
UK-19 Inverugie (AB42 3LB) UK 550 2016
UK-21 Cliffs End (CT12 5DL) UK 550 2013
UK-22 Cuckold's Green (NR-S 7TE) UK 1100 2014
UK-24 Euston (IP24 2QP) UK 616 2015
UK-25 Wormingford (CO6 3AQ) UK 550 2016
UK-26 Picket Piece (SP11 6 LZ) UK 550 2012
UK-31 Hackthorn (LN8 2DN) UK 495 2014
UK-33 South Molton (EX36 4LB) UK 550 2015
UK-34 Chatteris (PE16 6XA) UK 550 2015
UK-35 Gratwich (ST18 OLR) UK 600 2016
UK-36 Burton Agnes (YO25 4NE) UK 550 2016
UK-37 Nocton (LN4 2AL) UK 550 2015
UK-39 Hibaldstow (DN20 9NN) UK 550 2014




UK-40
UK-41
UK-42
UK-43
UK-44
UK-45
UK-46
UK-47
UK-51
UK-53
UK-55
UK-56
UK-59
UK-61
UK-63
UK-64
UK-66
UK-67
UK-69
UK-70
UK-71
UK-72
UK-74
UK-75
UK-76
UK-77
UK-78
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Brinklow (CV23 ONJ)
Farley Hill (RG7 1UR)
Shurlock Row (RG10 OPL)
Sleaford (NG34 8NP)

New Holkham (NR22 68D)
Ipsden (CX10 6AS)
Kinglassie (XY5 OUL)
Coupar Angus (PH13 9NF)
Alderton (NN12 7LS)
Tornagrain (IV2 7)Q)
Ealand (ND17 4DA)
Bournemouth (BH23 6 BG)
Martinstown (DT2 9F)J)
Old Micklefiend (LS25 3DL)
Invergordon (JV18 OPL)
Pinvin (WR10 2LA)
Foveran (AB41 6AL)
Rogate (GU31 5BN)

Lower Moor (WR10 2 PE)
St. Nicholas at Wade (CT7 ONJ)
Rufford (NG22 9HB)
Milganvie (TS2 1UT)
Chittering (CB25 9PZ)
Lindholme (DN7 6EE)
Bassetlaw (NG20 9PU)
Arreton (PO30 3AA)
Willand (EX15 2 PJ)

UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK
UK

550
550
550
826
550
600
500
605
559
495
275
571
297
550
450
990
600
550
330
275
500
220
1100
495
495
495
550

2016
2016
2016
2015
2014
2014
2016
2014
2016
2016
2014
2017
2012
2015
2016
2014
2016
2016
2013
2014
2016
2016
2014
2013
2016
2015
2015
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ANNEX IV: Bioeconomy regions

BIOECONOMY REGIONS

COUNTRY

Flanders

Aarhus

Kainuu

North Karelia

Southwest Finland

Pays de la Loire

Region of Hauts de France
Baden-Wiirttemberg

North Rhine-Westphalia
Region of central Macedonia
Region of Western Macedonia
Southern Great Plain
bingeyjarsveit og Skutustadahreppur
Ireland South East

Northern & Western Regional Assembly
Northern Ireland

South West Ireland
Emilia-Romagna

Friuli Venezia Giulia Autonomous Region
Lombardy

Piedmont Region

Veneto region

Vidzeme Planning Region
Klaipéda region

Trondelag County

Malopolska

Pomorskie Region
Westpomeranian Voivodeship
Centru Region

ADR Nord Est

Slovenia

Andalucia

Aragon

Basque country

Catalonia

Extremadura

Gran Canaria

Region of Navarra
Ostergotland

BELGIUM
DENMARK
FINLAND
FINLAND
FINLAND
FRANCE
FRANCE
GERMANY
GERMANY
GREECE
GREECE
HUNGARY
ICELAND
IRELAND
IRELAND
IRELAND
IRELAND
ITALY
ITALY
ITALY

ITALY
ITALY

LETHONIA
LITHUANIA
NORWAY
POLAND
POLAND
POLAND
ROMANIA
ROMANIA
SLOVENIA
SPAIN
SPAIN
SPAIN
SPAIN
SPAIN
SPAIN
SPAIN
SWEDEN
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Region Gavleborg SWEDEN

Region Kalmar County SWEDEN

Region Varmland SWEDEN

Noord Nederland (Fryslan, Groningen, Drenthe) THE NEDERLANDS
North-Brabant THE NEDERLANDS
Province of Limburg THE NEDERLANDS
Wales UK

Yorkshire and the Humber UK

SOURCE:



https://www.bioeconomy-regions.eu/
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