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ExecuBSummary

This document constitutes t he-braesspeadr tVad nu el Mahpap innsgd
as a deliverable (D1.3) in the framework of the MainstreamBIO project. MainstreamBIO sets out to
contribute towards supporting deployment of small-scale bio-based solutions into the mainstream
across rural regions of Europe. The project establishes Multi-actor Innovation Platforms (MIPs)
across diverse NUTS2 regions in 7 European countries, engaging and enhancing cooperation
among key players (from farmers to local industry, tech providers, academia, public authorities and
civil society). To support these MIPs, the MainstreamBIO project will co-develop innovation support
services and digital tools to build awareness, understanding and capacity to uptake small-scale bio-
based solutions in line with market demand and regional specificities. The partners will then deliver
these tailored innovation support services in each of the MIP regions to accelerate the deployment
of scientific and practical knowledge, introducing and developing theses bio-based solutions and

their value chains in collaboration with regional multi-actor partnerships.

In this context, D1.3 fMapping of Regional Bio-b ased Val ue Chainsod is pos
Package 1 of the project which focuses on the analysis of the current status of the 7 regions and set-

up of regional multi-actor innovation platforms. Within this, Task 1.3 to which D1.3 relates, is focused

on mapping of the available biomass feedstocks, waste and residue streams, actors, processes,

resource flows, and bioeconomy value chains in the 7 MIP regions.

To achieve this a mixed approached is used which combines literature review within the focal regions
conducted by MTU (IE) WR (NL), IUNG (PL), FBCD (DK), PROC (SE), AUP (BG) and INNV (ES),
complemented by interviews with key experts, to collate important information regarding the selected
value chains. To support this activity, MTU developed a structured methodology for data collection,
in order to ensure a common approach was used between the regions, supported by a data collection

template and structured interview template which was used by the regional partners.

To meet a KPI of 20 value chains to be covered, a target of 3 value chains per region was set. In
total, 27 value chains were described across the 7 MIP regions, and these are described per country
in Sections 4-10 of this report. Per country the breakdown of value chains included was Bulgaria (3),
Denmark (3), Ireland (6), Netherlands (3), Poland (4), Spain (5) and Sweden (3). For each country,
a background description is provided with relevant bioeconomy information (e.g., primary production,
bioeconomy policy, key bioeconomy statistics and initiatives) along with an introduction to the
national MIP regions, consisting of one or more NUTS2 region. Information collected for each
feedstock has been developed into a dedicated subsection, with biomass arising and stakeholder

maps generated, along with Sankey diagrams to display the flow of feedstock within the value chain
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and region. Information regarding key innovation activities related to the value chain feedstock are
described also. From the selected feedstocks from across the regions, a total of 172 million tonnes
DM of biomass was included within the mapping exercise. While the feedstocks included are just a
snapshot of total feedstocks within these regions, from the analysis of biomass flow, it appears that
much of the feedstock is already serving some important function, which should be considered when

planning for new value chains.

The mapping exercise on one hand helps stakeholders to understand the status quo of value chains,
feedstocks and residues, which may be relevant for the MIP regions. This can help to identify
opportunity areas for regional deployment of bio-based technologies, based on a better
understanding of regional biomass arisings, and the current flows and price of that biomass (key
biomass accessibility constraints identified by Attard et al. (2020). On the other hand, it also helps
us to understand the common thematic areas of interest from across the MIP regions. The report
has classified the selected related feedstocks using the biorefinery classification system developed
by Lange et al. (2016) to broadly assess the types of common themes that are represented across
the MIPs, with feedstocks associated green biorefinery and yellow biorefinery identified across
multiple regions. This can provide an opportunity for knowledge and technology transfer, and other

forms of collaboration between the relevant regions.
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1. Il ntroducti on

The <current document is D1.3 of Mai nstasedavai@| O e n
chainso, which has received funding from European

and Innovation Horizon Europe under Grant Agreement No 101059420.

MainstreamBIO aims at contributing towards bringing small-scale bio-based solutions into the
mainstream across rural Europe. To achieve this, the project aims to greatly enhance cooperation
between key bioeconomy stakeholders, resulting in sustainable business model pathways for bio-
based innovations in rural areas. Along these lines, the project follows an integrated methodology to
establish regional multi-actor structures for demand-driven innovation, and deliver a combination of
communication materials, training programmes, events, decision support systems and other
practical digital tools within the MainstreamBIO Toolkit. More than 3000 farmers, producers,
consumers and other agri-food bio-based stakeholders will be involved in testing, validating and
ultimately benefitting from the business and technical support services of the MainstreamBIO Toolkit.

To deliver this ambition, the consortium of MainstreamBIO brings together a complementary and
interdisciplinary group of 10 partners across 9 different countries within the EU and beyond, as

presented in Table 1 below.

Table 1: MainstreamBIO Partners.

Partner | Partner Partner Short
Partner Name Country
Role* Name
CcoO 1 Q-PLAN INTERNATIONAL ADVISORS PC Q-PLAN Greece
CR 2 MUNSTER TECHNOLOGICAL UNIVERSITY MTU Ireland
CR 3 STICHTING WAGENINGEN RESEARCH WR Netherlands

INSTYTUT UPRAWY NAWOZENIA |

CR 4 GLEBOZNAWSTWA, PANSTWOWY INSTYTUT IUNG Poland
BADAWCZY

CR 5 RISE PROCESSUM AB PROC Sweden

CR 6 AGRAREN UNIVERSITET - PLOVDIV AUP Bulgaria

CR 7 FBCD AS FBCD Denmark

CR 8 EURIZON SL INNV Spain

CR 9 DRAXIS ENVIRONMENTAL SA DRAXIS Greece
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CR 10 WHITE RESEARCH SPRL WHITE Belgium

* CO = Coordinator, CR = Contractor

In order to provide an overview of the current bioeconomy status of regions in different EU countries,
D1.3. focuses on specific participating regions as outlined by the regional MainstreamBIO partners.
In line with the Grant Agreement, and as outlined in D1.1. (D1.1. MainstreamBIO Multi-actor
Innovation Platforms) MIPs have been established within the following regions and countries:

Bulgaria: South Central (NUTS2: BG42)

Denmark: Zealand NUTS2: (DK02) Mid Jutland (NUTS2: DKO04), Northern Jutland (NUTS2: DKO05)
The Netherlands: Friesland (NUTS2: NL12), Flevoland (NUTS2: NL23)

Ireland: Southern Ireland (NUTS2: IEQ5)

Poland: Lubelskie (NUTS2: PL81)

Spain: Catalonia (NUTS2: ES51) Navarre (NUTS2: ES22), Aragon (NUTS2: ES24)

Sweden: Middle Norrland (NUTS2: SE32), Upper Norland (NUTS2: SE33)

This current report aims to investigate regional value chains along with available biomass, waste
and residue streams within these focal regions. This involves, the mapping of available biomass
feedstocks, waste and residue streams, actors, processes, resource flows, and bioeconomy value
chains in our focal regions. This includes an initial mapping of the existing value chains via desk
research within all focal regions, by MTU (IE) WR (NL), IUNG (PL), FBCD (DK), PROC (SE), AUP
(BG) and INNV (ES). In addition, furtherk ey i nf or mati on r egar di nghalt he s
be obtained by directly engaging local value chain actors via interviews (5 interviews are expected
per region for a total of 35). The current deliverable sets out the approach for completing this work,

along with the findings and analysis from each of the regions included.

The work provides key insights into current value chains and related information within these regions,
helping MainstreamBIO MIP members to understand the biomass available in key sectors, existing
flows and main actors, in an effort to provide further clarity on the status of these regions value
chains, and opportunities for new value chain development and collaboration. In this respect, the
information gathered within this report will be useful to further activities undertaken during
MainstreamBIO WP2 and WP3, focused on the design and delivery of the MainstreamBIO toolbox,

and innovation support services in the focal regions.

Key objectives of T1.3 include:
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Provide an overview of the local bio-based value chains in status quo.
To understand the current biomass flows for relevant sectors in the participant regions.

To understand the main bioeconomy actors participating on these value chains.

=A = = =

To understand the value chain innovations (e.g., different research or technology

approaches) currently active in the regions.

1 To inform above with input from literature and interviews with key actors from the regions.

With the above in mind, this Deliverable 1.3 report is structured in 14 distinct chapters, as follows:

Chapter 1 provides introductory information about the project and Deliverable 1.3, its objectives and

structure.

Chapter 2 presents a short literature review and context for the existing study taking into account
the EU and regional bioeconomy context and existing and previous initiatives.

Chapter 3 describes the methodology that is applied to generate the Deliverable 1.3 results.

Chapter 4-10 provides an overview of the findings within each focal region with each chapter

focusing on an individual region.

Chapter 11 provides a cross analysis of the findings from the different regional focus areas.
Chapter 12 provides concluding remarks.

Chapter 13 provides the list of references used within the report.

Chapter 14 contains the report annexes including (i) the interview template used (ii) biomass arising

and flow tables per region.
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2. Background Summary

The Updated EU Bioeconomy 2018 strategy recognises the important role that the bioeconomy can
play in supporting regions across Europe to meet their sustainability objectives in a competitive
manner, by creating new industries and jobs in urban, rural and coastal regions. Since European
regions are diverse in their industries, and the primary sectors which underpin their agri-food, forestry
and marine sectors, it is important to ensure that a regional and territorial approach is adopted to
recognise this divergence when developing the bioeconomy across the EU. Since the 2018 strategy
was launched, there has been a surge in the number of regions who are adopting their own strategies
on a NUTS1, NUTS2 or NUTS3 level. A recent study from the EU Joint Research Centre found that
194 regions within EU-27 have a strategic framework for bioeconomy in place or are in the process
of doing so. Overall, there are 359 bioeconomy-relevant strategies at a regional level in the EU. Of
those, 334 frameworks are published in the form of documents such as strategies, action plans,

roadmaps, and the rest are under development (Haarich and Kirhmayr-Novak, 2022).

Despite these developments, the majority of European regions are at the early stages of identifying
and developing new bio-based value chains. A first step in this development, is creating an
understanding of the current biomass arisings and flows within these regions, along with key actors
and stakeholders, and activities taking place at research or commercial level which could be
deployed to advance these new value chains. The importance of this task is also complicated by the
fact that there are ecological boundaries within which the bioeconomy must operate. This has been
highlighted within the Updated EU Bioeconomy Strategy 2018 and was further highlighted in the
recent EU High-level Bioeconomy Conference 2022 (European Commission, 2018; Simon, 2022).
Various trade-offs may occur when planning to divert biomass into new value chains or applications
(European Commission, 2018; Heimann, 2019). An example of this complexity can be found in the
potential of new bio-based value chains to impact on eco-system services and biodiversity, with a
recent study suggesting that it will result in an increase in trade-offs (Mazziotta et al., 2022). Another
example is the diversion of biomass feedstocks, such as straw from low economic value applications,
such as in bedding or nutrient quality, into high value applications, such as bio-based chemicals. But
inevitably this diversion has knock-on impacts, as these materials may need to be replaced with an
alternative material in its current application. It is important therefore to understand not only what
biomass, or by-products are produced, but also the current flows and applications of these

sidestreams, as this will allow regions to make more sustainable and informed choices.

Taking into account these various trade-offs, we also need to consider what kinds of local value

chains could be developed utilising biomass which can be sourced locally, thereby fulfilling the
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objective of developing regional bioeconomies. The Updated EU Bioeconomy Strategy notes the
potential for deploying small-scale biorefineries to help primary producers such as farmers, foresters
and fishermen to diversify their revenue sources and better manage market risks, all while achieving
the goals of the Circular Economy (European Commission, 2018). These small-scale bio-based
approaches can have benefits for regions, since they have a small capacity, and can be applied
locally close to the source of biomass, requiring shorter transportation distances for feedstocks and
the products they produce potentially can serve local markets (Bruins and Sanders, 2012). In
addition, these small-scale approaches can be easier to implement locally since they generally have
lower capital expenditure (CAPEX) requirements, something which is important since high CAPEX
is recognised as a key barrier to bio-based economy implementation (BBP, 2017; Bruins and
Sanders, 2012). Also, these approaches, which in addition to small-scale biorefineries may include
local nutrient recycling opportunities, have the opportunity to create new jobs and revenues for the
regions, and stakeholders including primary producers. A number of previous projects have been
involved in assessing different types of feedstock-specific bio-based solutions, including Power4BIO,
BE-Rural, AgriForValor, AgroFossilFree and Enabling. Meanwhile, a number of small-scale bio-
based demonstration projects are bringing forward interesting results which have promise for regions

across Europe.

In order to further develop these sustainable opportunities, it is also vital to identify the different
regional stakeholders participating in different activities within the region. In order to achieve an
effective switch from a fossil-based, linear economy to a sustainable, bio-based and circular
economy there is need for change at a system level, involving all actors of the different chains and
sectors (Costa and Donner, 2019). Lokesh et al. (2018) has highlighted the different value chain
actors who need to be involved and engaged from feedstock production and procurement, through
pre-treatment and conversion to consumption and end of life management. Understanding and
engaging with these different actors, including primary producers, industries, research and
academia, policy makers as well as actors from civil society, is an important step in developing new

value chains, but also ensuring the broader successful implementation of a bioeconomy.

Building on above, the main objective of the current report is to investigate regional value chains
along with available biomass, waste and residue streams. This includes the mapping of the available
biomass feedstocks, waste and residue streams, actors, processes, resource flows, and
bioeconomy value chains in the MainstreamBIO focal regions. The work undertaken will form a basis
for understanding the potential new opportunities which could be developed within the region, taking
into account the developments of tools and services from other work packages, including the

MainstreamBIO toolbox, decision-support tool (WP2) and innovation services supports (WP3).
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3. Met hodol ogy

The methodology for the current study is divided into 2 interlinked components:

1. At first, an inital mapping of the existing value chains is performed via desk research for all
focal regions, by MTU (IE) WR (NL), IUNG (PL), FBCD (DK), PROC (SE), AUP (BG) and
INNV (ES).

2. This information is validated and added to by directly engaging local value chain actors via

interviews, based on questionnaires and guidance provided by MTU.

The mapping includes available biomass feedstocks, waste and residue streams, actors, processes,
resource flows, and bioeconomy value chains in the focal regions. The approach is outlined in more

detail in this section.

3.1 Selection of Regional Value Chains

To begin the process, each MIP region was asked to select a region of focus along with specific
value chain sectors to focus in on, corresponding as closely as possible with those areas mentioned
within the GA. The selected country regions along with value chain feedstocks of focus are
summarized in Table 2 below. In order to ensure that the KPI of 20 value chains mapped was
achieved, a minimum of 3 value chains were selected per region. In total 27 value chains were
focused on across the 7 MIP regions. This selection was based on feedstocks which were of interest
from the perspective of regional partners and their MIP networks. A geographical representation of

the MIP regions is provided in Figure 1 below.

Table 2. List of Country Regions and selected Value Chains per region.

Country Region Selected Value Chain
Feedstocks

Bulgaria South Central (NUTS2: BG42) Forestry biomass, Greenhouse
biomass residue, Local crop
biomass

Denmark Zealand NUTS2: (DK02) Mid Grass, Animal manures, Cereal

Jutland (NUTS2: DKO04), Northern = straws
Jutland (NUTS2: DKO5)
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Ireland

Southern Ireland (NUTS2: IE05)

Grass, Animal manures, Cereal
straws, Seaweed, Apple residues,
Hemp,

Netherlands Friesland (NUTS2: NL12) Grass (roadside and nature),
Flevoland (NUTS2: NL23) Animal manures, Pumpkin
residues
Poland Lubelskie (NUTS2: PL81) Sugar beet residues, Berries
residues, Corn residues,
Rapeseed residues
Spain Catalonia (NUTS2: ES51), Pig slurry, Lucerne, Forest
Navarre (NUTS2: ES22), Aragon industry residues, Camelina,
(NUTS2: ES24), Brewers spent grain
Sweden Middle Norrland (NUTS2: SE32), Forestry logging residues, Bio
Upper Norland (NUTS2: SE33) sludge, Fibre sludge
MainstreamBIO MIP
Value Chain Regions
N

0 250 500 1,000 Km
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3.2 Data Collection Template for Desk-based Research on Value
Chains.

To support in desk-based research for mapping of regional value chains, and to ensure as consistent

an approach as possible was adopted across the 7 regions, a data collection template (included in

Appendix 3) was developed by MTU to capture the main required information for each value chain.

The template was designed to cover the components of T1.3 including the mapping of the biomass

arisings and flows, actors, processes and innovations in our focal regions. The data collection

template was composed of 5 tabs for completion by each regional partner plus 3 supporting tabs.

The template tabs included;

1.

Introduction tab: this tab explains the information and data requirements of the subsequent
tabs. This allows the user to navigate the different tabs of the template, providing an
explanation of each tab, along with the required information for each category, expected data

amount and type.

High level introduction tab: this tab required some text providing a high-level introduction to
the national bioeconomy for each region country i this information includes high-level
information about the primary sector activities, activities and projects related to the
bioeconomy, policies and strategies which are in place etc. Countries were selected via drop

down menu.

Regional value chains: this tab requested the regional partners to explain the selected value
chains per region, the related feedstock(s) which are the focus of the study and some
justification for including this within in the study. For example, it may be a feedstock that is
generated in large volume, or create a waste problem, or it may generate a residue which

contains high value ingredients which may be of interest.

Regional value chain feedstock flows: this tab provided a template for collection of feedstock
arisings and flow data within the regions and its subregions. The approach for this data
collection is adapted from Attard et al. (2020). The template allows partners to input their
overall quantity of feedstock generated within the region (e.g., NUTS2 Level data) in tonnes
of dry matter (tDM), based on literature review and/or interviews, and then to allocate this to
different subregion where such information is available (e.g., allocate from NUTS2 to NUTS3
county or provincial level). Where such information exists, this provides a more local context.
This tab also allows team members to document the flows of the specific biomass or residue,

by allocating a percentage fate towards the proportion of biomass or residue in a given use
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or application (e.g., 50% may be left on the land, while another 50% may go to other
subdivided applications). This above information will feed into the development of biomass
arising maps and biomass flow Sankey diagrams which are detailed later. Estimated fates
may be achieved based on literature or derived through interviews. Finally, an estimated
price, where available, for sourcing this biomass is requested, as this may be interesting for
potential value chain stakeholders. Both price and fate of biomass are examples of
accessibility constraints for stakeholders wishing to develop new value chains (Attard et al.,
2020). It should be noted that the collection of biomass data is based only on selected value
chains of interest for the MIP region, and only represents a snapshot of the total biomass
within these regions. A screenshot of this portion of the tab in the collection template is
presented in Figure 2. Full detailed tables of biomass arising estimates and flows, along with

data sources can be found in table form in Appendix 2.

Figure 2. Screenshot of Data Collection Template.
GROT, logging residuebi)

Region Feedstock Value Chain 1
Price per tonne 180 SEK
Land Conbined Power and Heatin Total

Fate Plant

Fate% 99 1 100
Region (Middle Norrland,
NUTS2: SE32 and upper
Norrland, NUTS2: SE33,
Sweden) 1763344 17812 1781156
WNYGt YR 492469.6 4974.4 497444
+ Na G SNY 2 NNI | yEEckaie) 4133.1 413311
+NadGSNp2GGSYyY 473327.9 4781.1 478109
Norrbotten 388369.1 3922.9 392292

5. Regional value chain actors: this tab captures some of the key organisations and actors
active within the related value chains, across a number of categories including primary
producer, business, research and academia, policy and civil society. The location of the
organisation and its coordinates is also included for mapping purposes. The list of value chain
actors is again a snapshot based on the feedback of MIP partners and interviewees, as it is

not possible to know every actor within the region.

6. Bio-based processes and services: this tab captures information relating to selected
innovative processes and services which are taking place in the region focused on the
selected value chains, along with information on its scale of deployment, sustainability

benefits, market readiness, involved stakeholders and supplied products or service. The
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purpose is to provide a snapshot of innovations which may be taking place within the selected

value chain.

7. Guide to coordinates: this tab provides information regarding the format for obtaining the
coordinates of organisations.

8. Back-up tab: this tab contains information on drop down arrows etc.

The template structure is presented in more detail in Appendix 3.

3.3 Interview Template for Value Chain Stakeholders

To complement this desk-based research, an interview template for value chain stakeholders was
developed by MTU for use by regional partners. To avoid overlap with earlier questionnaires of
MainstreamBIO Task 1.2, the questionnaire was adapted to support the successful completion of
the data collection template regarding regional bio-based value chains. This would allow partners to
validate the findings of the literature review, and support in collection of data, particularly addressing
some of the data gaps that might exist. The target group for conducting interviews were key experts
related to the identified value chains. Sector-specific experts were the most appropriate group to
provide feedback on gaps related to the specific value chains and could be drawn from different
categories, from researchers to advisory services, to companies who actively work on a specific

value chain.

The interview template was semi-structured and can be used as appropriate to uncover different
gaps that exist in relation to value chain information, at a regional level. It also contains some basic
information about the respondent, such as type of organisation, job title, etc. The questions focus on
technical aspects related to the biomass value chain, in line with the data collection template. The

template can be viewed in Annex 1.

It should be noted that the privacy of the participants was assured at all stages of the interview study,
according to the principles of GDPR. An information sheet and consent form was sent to participants
prior to interviews. The interviews mainly took place via web communication tools such as zoom or
teams along with phone. Following the interview, short transcriptions of the interviews were supplied
to MTU by the regional partners, and information gathered could be added to regional sections. A
total of 39 interviews were completed at this stage by the partners which included 4 primary producer
actors, 10 business actors, 12 actors from research and academia, 1 civil society actor, 1 policy

actor and 11 actors who were either other or covering multiple categories.
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3.4 Creation of Regional Value Chain Maps

The data collected from the 7 MIP regions was then used to create regional value chain maps
displaying biomass feedstock arisings and actors. For both the total feedstock arisings for each value
chain of focus and the actors maps, Excel files were created with columns indicating the object ID,
which value chain, type of feedstock and subregion. Additionally, the regional feedstock value chain
files were given a column with the feedstock total (tDM), while the actors files were given additional
files of organization names and type, location, coordinates, both latitude and longitude, and the
projected X and Y coordinates. Due to each subregion having a unique projected coordinate system,
the given coordinates had to be converted to the relevant X and Y co-ords using espg.io. All Excel
files were then converted to *.cvs files to be used in the mapping software ArcMap and polygon
shapefiles for each region and subregions were gathered. Within ArcMap, the data frame was
converted to the relevant projected coordinate system and the subregion shapefiles were added.
The value chain feedstock totals were then added and joined to the new shapefile through the
subregions column. Through the symbology tab, the feedstock total column was selected to be
displayed, and a unique colour was given to the different values to be displayed. For example, for
grass feedstock arisings, different shades of green were given to the differentiate the total arisings

of each subregion.

For the value chain actors, the X and Y coordinates were displayed. Under the symbology tab, the

6Type of Organi zationd column was displayed and
organi zati on. Within the 061l ab elécted te lmetdisptaged. 6A titlea b , t
legend displaying feedstock totals and actors, scale and north arrow were then added to the map.

These maps were then exported as jpeg. Where it was difficult to see multiple actor icons in one

area, an insert layer was added. A new data frame was added to the map with the relevant

subregions and actors displayed. A screenshot of the map generation is presented in Figure 3.
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Figure 3. Screenshot of Maps Generation in ArcMap.
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3.5 Development of Biomass Flow Sankey Diagrams

The feedstock value chain data gathered from each MIP region was used to create Sankey Flow

Diagrams to represent the flow and fate (or end application) of each feedstock. From the data

gathered, the type of feedstock, the region and subregion, the fate of the feedstock and the total

amount of each fate (tDM) of the value chains were extracted to separate excel tables. To create the

flow diagrams, each value chain table was added to the Power Bi software underthe 6 Cr eat e 6 t
Once this data was added, the O6Visualisationd tab
Diagram by Chart Expo was selected to represent the flow of data. The feedstock, region and

subregion, and feedstock fate data were addedtothe o6 Cat egory Datadé tab whi
values (tDM) were added to the 6é6Measure Databd tab
the diagram was labelled, such as feedstock and subregion. Level 1 represented the feedstock, level

2 represented the subregion and level 3 represented the fate of the feedstock. Each level was then

given a unique colour, for example each feedstock was given a colour similar to the colour given to

them in the value chain maps. Unique colours were also given to each feedstock fate for better
visualization of the flow of the diagram. To ensure the diagram flowed correctly, the feedstock level

was linked to the subregion on one level to flow to the right-hand side, while the feedstock fates were
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linked to the subregion on one level to flow to the left-hand side. The value and percentage of each
section was labelled to show the amount of feedstock that fell under each fate category. A title was
also given to each value chain Sankey diagram before they were exported to PowerPoint. An
overview of the findings per region is presented next in Chapters 4-10. A screenshot of the Sankey
flow diagram production using Power Bl is presented in Figure 4.

Figure 4. Screenshot of Sanky Flow Production in Power Bi.
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4, Bul gari an MI P Regl on

Bulgaria is a promising country for bioeconomy development potential, rich in primary resources and

with access to the Black Sea. With a population of almost 7 million, the country has a total area of

111, 000 kmj and a tot al coastline of 354 km. The
agricultural land (55%) and forestry land (33%). The agricultural area is essentially taken up by

arable land (86.4 %) and permanent grass land and meadows (10.6 %), with arable land essentially
dedicated to the production of cereals (1.8 million hectares (ha)) and industrial crops (1.1 million ha).

Cattle are the dominant livestock animals (41%), followed by poultry (20%), pigs (15%) and sheep

(12%).

The bioeconomy employed approximately 775,000 people in Bulgaria across its different sectors in
2019, whilethevalue-added of t he sector a mobiliont(kndwletige Cemtpepr o x i
for Bioeconomy, 2023). A 2021 study found that the main biomass types that could be mobilized for
bio-based value chains nationally in Bulgaria include straw from different cereal crops, manures,
pruning residues from permanent crops, vegetable and fruit processing residues, forestry residues
and organic wastes (Elbersen and Voogt, 2021). Several Bulgarian entities are already engaged in
EU and national level bioeconomy initiatives on a research and education level including Be-Rural,
BioBec, BioCircularCities, MPowerBIO, BIOEASTsUP, CAP4BIOBG, CELEBio, AQUABIOPROFIT
and COOPID. Through these International projects, along with nationally research e.g., through the
Bulgaria National Scientific Program "Healthy Foods for a Strong Bioeconomy and Quality of Life"
and other international projects, research is being conducted to determine the regional capacity for
development of the bioeconomy. Meanwhile, some bioeconomy activities are active at the
commercial level. According to the EU JRC data there are currently 28 commercial biorefinery
facilities operational nationally, mainly focused on liquid biofuels and pulp and paper, with a smaller

number focused on chemicals, sugar and starch and timber (JRC, 2022).

While the bioeconomy is already part of the sectoral strategies of the Ministry of Economy and the
Ministry of Environment and Water, Bulgaria has yet to adopt a national bioeconomy and it is not
sufficiently pronounced as a national priority. Bulgaria is a member of the BIOEAST Initiative which
offers a shared strategic research and innovation framework for working towards sustainable
bioeconomies in the Central and Eastern European (CEE) countries initiating cooperation through a
multi-stakeholder network and cluster at European level to facilitate joint actions, including the
development of a national circular and bioeconomy strategy. Even though there is no specific
regional bio-based industry, there are several other strategic related documents, supporting it,
including (CELEBIo, 2021);
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CAP: Rural Development Programmes 2014-2020

Bulgarian Rural Development Program for the period 2014-2020

Strategy for Strengthening the Role of the Agricultural sector in the Bioeconomy
Smart specialization strategy 2014-2020 (IS3)

Energy from Renewable Sources Act

= =A = =\ =4 =9

National long-term program for promotion of the usage of biomass 2008-2020

The focus region of the Bulgarian MIP is the NUTS2 South Central Bulgaria region, comprising the
NUTS3 regions (provinces) of Pazardzhik, Plovdiv, Haskovo, Smolyan and Kardzhali. The region is
home to different types of primary production which generates potential biomass sources. This
included over 145,000ha of cereals and around 10,000ha of oil crops. Itis also a key fruit producing
region accounting for 43% of apple production in the country, 37% of pears, 30%of plums and 29%
of cherries. The region is also a key Ilivestock
with 40,000 cattle, over 30,000 pigs and nearly 1.4 million chickens. A recent report indicated that
the region has the best conditions for the construction of biogas plants due to the large cattle
population. Within the region, a number of commercial bioeconomy activities are underway, including
Mondi Stambolijski and Belovo Paper Mill within the pulp and paper industry and Essentica, one of
the largest high-tech, state-of-the-art plants for the production of high-quality bioethanol, grain
distillate and DDGS in the Balkans (CELEBIo, 2021).

4.1 Forestry Value Chain

Bulgaria has considerable forest resources with forest occupying more than one third of the country's
territory. South Central Bulgaria has a significant forest resource as a potential biomass source i
with forest areas occupying more than a quarter of the land within the region. The sector is mostly
dominated by state-owned enterprises, and it is therefore expected that the state will react quickly
to develop the necessary regulatory framework to support the forestry sector in being part of the
local bioeconomy developments. A recent report found that the total biomass potential, which
consist of final fellings, thinnings, and associated logging residues, from forests within South Central
Region is estimated at 1, 200 -Wast@amoubidto p@®BEAWdoBheo, 20
wood harvested in the forest holdings. Residual lignocellulosic biomass therefore represents a huge

potential raw material source for industry and energy purposes given the size of the region.
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4.1.1 Biomass Arisings and Flows

The flow of forestry biomass within the MIP region of South Region Bulgaria is presented in Figure
5 and a map of forestry biomass arisings across the MIP region and its subregions is provided in
Figure 6. The total estimated amount of forestry biomass for the region is 722,280 tDM with Pazardjik
seeing the largest arisings of 281,689 tDM, followed Smolyan with 196,821 tDM. The Plovdiv Region
has total estimated biomass arisings of 119,176 tDM, with 83,062 tDM in the Kurdzhali region and
41 531tDM in Haskovo. The fate of the associated biomass is primarily focused on wood for the
construction sector (505,596 tDM), which represents 70% of use, followed by chipboards (108,342
tDM), shredded paper (72,228 tDM), and cellulose production (36,114 tDM). A full overview of the
arisings and flows of biomass for this value chain can be found in table form Appendix 2. The
estimated price associated with purchasing forestry biomass is currently estimated at approximately
01 7B0tDM inthecaseofr ound ti mber ( 5050¢ 656 thM far smeatl iadustrialt o G

timber.

Figure 5. Sankey diagram showing the arising and flows and fates of forestry biomass across different

regions of the Bulgarian MIP.
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Figure 6. Map of arisings of forestry biomass and key stakeholders within the Bulgarian

MIP region.
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4.1.2 Biomass Value Chain Actors

Key forestry value chain actors have been identified within the MIP region and are included in Figure
6. These include businesses in the region. The largest processors of wood and timber in the region
are Mondi Stambolyiski, part of Kronoshpan Bulgaria Ltd. and Belovo Ltd. In addition, the Executive
Forest Agency, operating under the Ministry of Agriculture, is a relevant actor for the development
of policy which supports the development of the bioeconomy within the region. The accredited
analytical laboratory at the Energy Agency of Plovdiv can help on the research and analytical side
as they test and investigate the chemical composition of solid biofuels, biogas substrates, by-
products and residual products, sewage sludge ashes, filtration dusts and biowaste in order to
assess the possibilities for use of the various biomasses.

4.1.3 New Biomass Value Chain Opportunities and Examples

While the forestry biomass potential of the region is large, most companies are still lagging behind
in bio-based R&D and the connection between them and the research institutes and universities is
not well established. However, there are innovative examples within the region such as MS
Woodworking who are looking towards the use of forestry residual materials as a feedstock for
producing energy pellets and mulch. The high calorific value of the pellets produced (4700-5200
kcal/kg (5 kW/h for 1 kg), guarantees efficient and low-cost heating, while the mulch retains moisture
in the topsoil and thus reduces irrigation and weed spraying costs. Another relevant initiative is the
Horizon 2020 BioRES project which aimed at introducing an innovative concept of Biomass Logistic
and Trade Centres (BLTCs) in Serbia, Croatia, and Bulgaria based on cooperation with technology
leaders from Austria, Slovenia, Germany, and Finland. This approach helps in increasing the
demand for woody bioenergy products (processed firewood, wood chips, wood pellets, and wood
briquettes) in these countries and contributing to the achievement of EU targets set out in the
renewable energy directive. Internationally, R&D efforts show great potential for forestry biomass to
be utilized for extraction of high value compounds such as bioactives and food additives like xylitol
and vanilla (Kilpelainen et al., 2020; Osorio-Gonz 81 ez et al ., 2019; Strizi
conversion to high value materials like cellulose nano crystals, (Aryapratama and Janssen, 2017;
Moriana et al., 2016).
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Figure 7. MS Woodworking Production site producing biomass pallets and mulch in Plovdiv (source:
https://pelletify.com/).

4.2 Greenhouse biomass Value Chain

In South Central Bulgaria, agriculture is generating 5% of GDP in the regional economy. In rural
areas it is the only business activity, which provides livelihood for the residents and provides raw
materials for related industries. The rural population employed in the agriculture sector operates
mainly in small-sized farms and they constitute a significant source of income for their owners.
Subsidizing these farms determines the annual employment rate in rural areas. The total area of
greenhouses in the South Central Region is 898 ha, which is 81% of the area of greenhouses
nationwide. The main crops grown in greenhouses are tomatoes which account for 116.4 thousand
tons and cucumbers which makes up 51.4 thousand tons per year (Ministry of Agriculture and
Forests, 2022).

4.2.1 Biomass Arisings and Flows

The flow of greenhouse residual biomass arising within the Bulgarian MIP region is presented in
Figure 8, while a map of arisings across the MIP region and subregions is provided in Figure 9. The
total amount of residual biomass for the region from this sector is significant and estimated at
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1,020,062 tDM. Pazardjik is the largest producer of this biomass with 428,4266 tDM, followed by

Plovdiv with 387,624 tDM. The Kurdzhali Region produces an estimated102,006 tDM, with 71,404

tDM coming from the Haskovo region and 30,602 tDM in Smolyan Region. The majority of this

residual biomass, over 700,000 tDM, is understood to be used to produce biogas and several biogas

plants are operational in the region, with the main other end use being as fertilizer or compost. A

data table of the arisings and flows of biomass from this value chain can be found in Appendix 2.

The estimated price associated with purchasing greenhouse residual biomassi s cur r5&ht | y 1
per tDM.

Figure 8. Sankey diagram showing the arisings and flows and fates of greenhouse biomass across different
regions of the Bulgarian MIP.

11 Smolyan 3% (30.6k)

l Haskovo 7% (71146)

I Kardzhali 10% ﬂw PESENS

Fertilizer/Composting 30"
(306k)

Plovdiv 38% (388k)

Greenhouse Biomass 100% (1.02M)

Biogas 70% (714k)

Feedstock Subreaion Feedstock Fate

Funded by Page 36 M
the European Union h\’; ‘

MAINSTREAM BIO



D1.3: Mapping of regional bio-based value chains, 28/04/2023

Figure 9. Map of arisings of greenhouse biomass and key stakeholders within the Bulgarian MIP region.
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4.2.2 Biomass Value Chain Actors

Key greenhouse biomass value chain actors within the MIP region have been included in Figure 9.
These stakeholders include the Bulgarian Greenhouse Growers association representing the
regional producers, as well as business organizations such as Bulkomp, Lumbreco and CUPFFEE
who add value across the value chain in food and material applications. The Maritsa Vegetable
Crops Research Institute based in Plovdiv, is a leading research partner to this sector and is the
national research center for scientific, scientific-applied activities and extension services in the field
of the vegetable crops and potato breeding, and technologies for vegetable crops growing. On the
research side, also, the Institute of Plant Genetic Resources near Plovdiv is developing technology
for pelleting residues from agricultural crops like sesame and tobacco.

4.2.3 New Biomass Value Chain Opportunities and Examples

A number of local companies along with research institutes are already active in adding value to the
biomass produced. Several farms in the region have already adopted anaerobic digestion to produce
biogas from these residues. At commercial level, Lumbreco Ltd. for example, based in Plovdiv, have
developed a liquid organic fertiliser which has a high content of amino acids of vegetable origin
obtained by hydrolysis of vegetable manures. The product contains biologically active substances -
actinomycetes, gram positive bacteria that are producers of natural antibiotics, which increases the
resistance of plants. Lumbreco can reduce the application of chemically active substances to soil
and groundwater that negatively affect human health. Crops which have been fertilized with
Lumbreco have a 20% higher yield and are visibly greener, healthier and more resistant to adverse
meteorological conditions. The higher yield of the crop reflects on the higher level of revenue and
income from the cultivation of the respective crop. CUPFFEE, based in Plovdiv, on the other hand,
are working to recycle residual biomass for use in compostable drinking cups. At the pilot level,
Maritsa Vegetable Crops Research Institute, are working to develop a blended juice product from
tomato plant residues which may otherwise be discarded. In this way the carbon footprint of
agriculture is reduced. somat o j ui ce i s rand\hntaming) whicle darea exteemalyt e n e
important immunostimulants and the juice can be included in the diet of children and adults with
compromised immunity. Internationally, research through projects such as BioBoost shows the

potential of valorizing tomato stem residues into fibres for paper and cardboard production.

Funded by Page 38
the European Union :\\@

MAINSTREAM BIO




D1.3: Mapping of regional bio-based value chains, 28/04/2023

Figure 10. Edible cups from CUPFFEE based in Plovdiv, Bulgaria (source: ).

4.3 Local crop residues

Other local crops residues also play an important role in Bulgaria, both from a production and a
tourism perspective, and these could also be a potential contributor to its emerging bioeconomy. The
Bulgarian rose oil industry is a key national industry and a factor of national pride. Being a unique
activity characterizing the country, the rose oil industry and its products are famous not only in
Bulgaria, but also exported to many countries. A relatively small number of companies are engaged
in the chain of the rose production due to the specific geographic area where the roses grow, which
is associated with the region of the Bulgarian MIP. These companies are not only a motor for

industrial growth, but also help national tourism making Bulgaria famous in the world.

Another important crop from a Bulgarian MIP perspective is walnuts, due to the favorable conditions

that exist for the development of a relatively large number of species. This sector is important for
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feeding the local population, as fruit is an integral part of a balanced diet. Demand for products from

the sector is consistent because of the importance they have in the daily diet of the local population.

4.3.1 Biomass Arisings and Flows

The most suitable production area for the oilseed rose is the relatively small area between Stara
Planina and Sredna Gora - from Strelcha in the west to Zimnitsa in the east. The main production
centres are the municipalities of Karlovo, Pavel Banya and Kazanlak. Accordingly, the districts of
Plovdiv and Stara Zagora concentrate 90% of the total area and 80% of the number of holdings
(CELEBIo, 2021). The flow of oilseed in the MIP region is presented in Figure 11, while a map of
total arisings is provided in Figure 12a. 4161 tDM is produced only in Karlovo, with most of this going
towards rose blossom, with a small amount (0.02%) going towards rose oil. The current price for

rose blossomis 0 1 0 @nd rising to 15,500kgDM for rose oil.

In the case of walnut, walnut oil for use in culinary applications can be produced as a high value co-
product along with the walnut. The total production of walnut across the region is included in Figure
12b and amounts to 4750 tDM, with Haskovo being the largest producer in the region (3,183 tDM),
followed by Plovdiv (1,118 tDM) and Kurdzhali (310 tDM). Small amounts are produced in Smolyan
(100 tDM) and Pazardjik (40 tDM). The flow of this value chain can be seen in Figure 11. The main
component of walnut goes towards nut production (3,800 tDM), with about 15% going towards oil
production and the remaining being shells. The current price for walnut oil is estimated at a4 500
tDM. A data table related to biomass arisings and flows of biomass can be found for both of these

value chains in Appendix 2.
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Figure 11. Sankey diagram showing the arisings and flows and fates of local crop (rose oil and walnut)
biomass across different regions of the Bulgarian MIP.
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Figure 12. Map of arisings of local crop (rose oil (a) and walnut(b)) biomass and key stakeholders within the
Bulgarian MIP region.
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4.3.2 Biomass Value Chain Actors

A number of important stakeholders from the rose oil and walnut value chains are included within
Figure 12a and 12b respectively. The Professional Association of Rose growers is a union of rose
growers in the MIP region. The association provides help for the farmers who are the rose growers
and the prime producers of rose blossoms. They are providers of raw material for rose oil distilleries,
mainly in the region of Kazanluk and Karlovo. Other key business actors include, Alba Group Ltd., a
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leading producer of rose oil in South Central Bulgaria, producing rose water and other essential oils;
Bulgarian Rose Damascena Ltd which is a part of the Terraland Group, founded to manufacture and
distribute essential oils and waters, cosmetics and probiotics containing Lactobacillus bulgaricus and
rose oil. The company Bulgarska Rosai Karlovo AD are a producer of rose oil in the city of Karlovo,
who produce rose water and other essential oils. Meanwhile, on the research side, the Institute of
Rose and Essential Oil Crops in Kazanlak are involved in supporting research related to the crop
production and developing technology for essential oil and medical plants and providing licensed
testing labs for analyses and certificate issuing for oils, drugs, plant extracts, sowing seeds,

cosmetics and pharmaceuticals.

Key actors within the walnut value chain include within research and academia, such as the Institute
of Rose and Essential and the Medical Cultures, and the Fruit Growing Institute in Plovdiv.
Meanwhile companies focused on walnut oil production within the region include Gourmoli Ltd. and
Balcho Ltd.

4.3.3 New Biomass Value Chain Opportunities and Examples

In addition to the high value products already generated from these local crops there is some
potential to add value to the residual stream also, which can be seen in the region. ZP Stanislav
Stoyanov based in Dimitrovgrad have developed a process to produce abrasive paste from walnut
shells as a more sustainable alternative to silicon carbide, aluminum oxide, alumina zirconia and
ceramic oxide, typical abrasive elements commonly used. In addition, a variety of research has been
conducted to investigate the production of fuels and materials, such as pyrolysis oil and biochar from
walnut shells (Griffin et al., 2017; Rasool et al., 2018). Various other treatments have been applied,
including acidic pre-treatment, hydrothermal treatments such as organosolv and hydrothermal
carbonization (Morales et al., 2021; Naderi and Vesali-Naseh, 2021; Tan et al., 2019). Morales et al.
(2021) found that the organosolv treatment of autohydrolysed solid walnut shells permitted high lignin
removal and the delignified solid was suitable for cellulose nanocrystal production. In addition to the
development of new products from these local materials, it is also noteworthy that these sectors can
also generate revenue through eco-tourism, in which biomass provides not only a product but a
service for the local economy. For example, in the MIP region, there are many service providers

providing tours of rose oil plantations for interested tourists.
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5. Dani sh MI P Regl on

Located in Northern Europe, Denmark spans an area of 42,943 km? and with a population of just
over 5 million inhabitants. With over 7,000 km of coastline, it is a country rich in marine resources in
addition to terrestrial resources. In 2018 primary land use in Denmark was largely dedicated to
agriculture (64%) with a smaller forestry sector of about 14% (Eurostat, 2021b). The main crops in
Denmark are small grains, mainly wheat and barley, covering more than half of the agricultural area.
Fodder crops, mainly grass and maize for silage, amounts to 780,000 ha, but Denmark is also an
important producer of sales crops such as rapeseed, sugar beets and grass seeds of various types
(EIT Food, 2022). In terms of livestock, the dominating animals among livestock farms are pigs and
cattle, but also to a smaller extent poultry, horses and sheep (Statistics Denmark, 2022b). Danish
farmers own and control the main processing and marketing industries for food products in the
country, as farmer-owned cooperative dairies and slaughterhouses have a market share of more
than 90 per cent of the annual production (EIT Food, 2022).

The Danish bioeconomy employed almost 170,000 people across its various sectors in 2019
(Knowledge Centre for Bioeconomy, 2023). The combined added value of all bioeconomy sectors
stood at almost U X billion in 2019 (Knowledge Centre for Bioeconomy, 2023). It is also developing
a number of bio-based industries across different sectors. There are 61 bio-based industry facilities
located in Denmark, of which 82% are commercial facilities and the remaining are pilot or demo
facilities. The majority of these are centred on biomethane, timber and liquid biofuels, with a smaller

number focused on chemicals, sugar and starch, composites and pulp and paper (JRC, 2022).

In Denmark, there is great potential in utilizing bioresources from agriculture, forestry and fishing to
produce renewable and sustainable materials. Effective utilization of biomass can have a major
impact on both the national climate account, the pressure on natural resources - including
biodiversity - and the economy. However, framework conditions that promote biological resources,
including residues, waste and side streams, are important factors. The utilization of green biomass
is a key focus area in Denmark and needs to be increased both for the use in the energy sector (to
replace natural gas) and the agri-food industry (feed and food), utilising all fraction of the biomass.

The Ministry of the Environment is deeply committed in promoting a sustainable and circular
development of the bioeconomy. Hence, the Environmental Technology Development and
Demonstration Program (MUDP) as well as the Green Development and Demonstration Program
(GUDP), are providing annual grants for development, testing and demonstration of new
environmental technology that will pave the way for a sustainable society and create growth and

employment. The work to promote bioeconomic solutions extends across ministries, as The Ministry
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of the Environment collaborates with the Ministry of Food, Agriculture and Fisheries, the Ministry of
Business and the Ministry of Education and Research to jointly create a greener and more
sustainable society. The Ministry of the Environment is also part of the inter-ministerial secretariat
that services the National Bioeconomy Panel, which has been established to provide

recommendations for the Danish government.

The focus regions of the Danish MIP are NUTS2 regions of Mid Jutland (Midtjylland), Northern
Jutland (Nordjylland) and Zealand (Sj PpPldremnofgudt. The
over 2 million ha, of which approximately 1.7 million ha is utilised agricultural land serving a variety

of primary sectors and generating different types of biomass and residue streams. (EuroStat, 2022).

Within this MIP region there are several key industry actors, in addition to R&D activities and
infrastructure. For example, at Aarhus University (Foulum, Mid Jutland), there are a range of

processing facilities focused on various biomass types including:
Green biorefinery for production of protein enriched animal feed from green clover/grass.
Biogas pilot plant including biogas to synthetic natural gas (SNG) upgrading.

Lipid extraction and conversion to functional lipids and fuels.

=A = = =1

Hydrothermal Liquefaction (HTL) conversion pilot plant.

In Aalborg University, (Northern Jutland), there is a facility for Continuous HTL pilot plant for multiple

organic input streams (e.g., lignocellulosics, grasses, organic residual streams). Innovative
commercial companies active in the region include AquaGreen, an engineering company producing

facilities for dehydration by steam drying and pyrolysis ovens for producing biochar from wastewater
sludge. They have facilities installed in Fefrevej
the Zealand Regionand t hi s plant handles all the sludge fr
Another example is Danish Marine Protein, who produce protein from different marine sources such

as starfish, fish-offcuts, shrimp shells and even terrestrial biomass like grass. The biomass is mainly

sourced from the Limfjord in the North-westarea. The Li mf jord extends from T
the North Sea to Hals on the Kattegat. It is approximately 180 kilometres long, and has an irregular

shape with numerous bays, narrowings, and islands. Other interesting initiatives include the
development of an energy island in Mid Jutland, which is in the early process of establishment, while

at Vordingborg harbour (Region Zealand) initiatives to produce jet fuel using straw are in progress.
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5.1 Grass Value Chain

Currently Denmark holds about 300,000ha of grassland, which is mainly dedicated to cattle farming,
particularly dairying. Just over half of the permanent grassland is located in the selected Danish MIP
regions, amounting to 69,520 ha in Mid Jutland, 48,630 ha in Northern Jutland and 28,370 ha in
Zealand. Denmark has a well-established selection programme for grass and clover; a programme
that has provided mainly cattle farms with high-yielding varieties for decades (Termansen et al.,
2016). In recent years, it has been highlighted in Denmark that converting land towards green
biomass production, could result in environmental benefits for the Danish agricultural sector.
Permanent soil cover, which can be achieved by growing green biomasses, has positive
environmental effects; it extends the growing season, and it allows for the establishment of a
permanent root system (Termansen et al.,, 2016). Studies have demonstrated that converting to
grassland can increase the efficiency of nutrient use and reduce nitrogen leaching on farms. In
addition, the developments of new research in the field of green biorefineries, are showing the
additional benefit that can be achieved by maximizing the protein potential of grass, which can

displace imported soya feed ingredients for animals.

5.1.1 Biomass Arisings and Flows

The total grass production in the Danish MIP regions is estimated to be approximately 13,375,000
tDM biomass, broken down by Mid Jutland (6,867,000 tDM), Northern Jutland (5,232,000 tDM) and
Zealand (1,276,000 tDM). The majority of this is going towards the production of silage for forage for
cattle, along with a feedstockf or Denmar kdés | arge biogas industry.
region is provided in Figure 13, while a map of total grass arisings is given in Figure 14. A small
amount is estimated to go towards protein extraction (for pig and poultry feed) using green
biorefineries, as this is an emerging sector for the region, with some plants recently coming
onstream. In that case the fibre fraction and the brown juice is going into biogas (where it can be
classified as a second-generation feedstock), and some of the fibre is also used for feeding cattle,
though mainly at a research level. A full overview of the arisings and flows of grass biomass in
Denmark can be found in table form in Appendix 2. Price estimates for accessing grass in Denmark

vary betweempu2® U100 per tonne DM.

Funded by Page 47
the European Union :\\@

MAINSTREAM BIO




D1.3: Mapping of regional bio-based value chains, 28/04/2023

Figure 13. Sankey diagram showing the arisings and flows and fates of grass biomass across different

regions of the Danish MIP.
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Figure 14. Map of arisings of grass biomass and key stakeholders within the Danish MIP region.
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5.1.2 Biomass Value Chain Actors

There are a variety of key value chain actors identified within the MIP regions. Several universities
and research centres are conducting research related to grass including sustainable agriculture and
bio-based value chain opportunities. These include Aarhus University, Danish Technological
Institute and the Technical University of Denmark, who have facilities to support companies
investigating these opportunities. Food and Bio Cluster Denmark AS (FBCD) are Denmark's national
cluster for small and large companies, knowledge institutions and other organizations within the food
and bioresources sector. Businesses such as DLG, a Danish co-operative company owned by
Danish farmers, and Biorefine Denmark A/S are working towards scale up opportunities in the area
of green biorefining. The Danish Agricultural Agency is an agency under the Ministry of Food,
Agriculture and Fisheries of Denmark which is working to support conditions for sustainable growth

and green transformation in the field of agriculture.
5.1.3 New Biomass Value Chain Opportunities and Examples

Denmark is already a key European play in the development of new biomass value chain
opportunities from grass. Its work through universities such as Aarhus University to demonstrate
such initiatives is well established. The university is home to a green biorefinery demonstration
facility for the extraction of protein from fresh grass and other green biomasses. The plant came

online in 2019, with building costs amounting to approx. 15 million DKK ( 4 2 mj dnd theo n )
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establishment of the plant was facilitated via funding from various foundations and companies,
including Arla, Danish Crown, DLG, DLF, GUDP, the Central Denmark Region and Aarhus
University. The plant is conducting research on a variety of products related to green biorefinery

including feeds for cows, pigs and chickens, and to date has produced very positive results

(Damborg et al ., 2019; St Bdki | dEe wiversitylis.also parthe? 1 ;

on the EU Horizon 2020 GO-GRASS project investigating the potential of circular grass-based
models along with FBCD and other European partners. At a commercial level, green biorefinery
technology is being scaled through BioRefine, a Danish company formed by the three agricultural
companies DLG, Danish Agro and DLF. The company has developed a new method to extract
protein from grass and alfalfa. They have recently scaled the process to commercial level. The
overall goal is a total production of approx. 4,000 tons of protein and 25,000 tons of dry matter fibre
(DLF, 2020; NIRAS, 2022).

5.2 Animal Manure Value Chain

Livestock is an important component of Danish agriculture, with around a quarter of Danish farms
specializing in this area, mainly in cattle and pigs. The number of cows in Denmark in Q4 of 2022

stood at 1,466,400 while the pig count at the same time was 11,541,000. Poultry, horses and sheep
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play a smaller but still significant role in the livestock sector. In MIP region the majority of these cows
are in Mid Jutland (444,244) and Northern Jutland (347,889) respectively, with a smaller amount in
Zealand (66,175). In relation to pigs Mid Jutland again has the largest herd count (4,765,276)
followed by Northern Jutland (2,950,496) respectively, with a smaller amount in Zealand region
(1,308,338).

5.2.1 Biomass Arisings and Flows

Within the MIP region it is estimated that the arisings of animal manures from the different livestock
sectors (cattle, pigs, poultry, sheep and horses), constitutes approximately 35,000,000 tDM.
Approximately 35% of this is estimated to go for the production of biogas through anaerobic
digestion, with the remainder being used as

The reason is that many farmers exchange manure with degassed manure or digestate which results
from biogas production, and which often is of a better quality, easier to allocate, and is often delivered

in buffer tanks in the fields rather than at the farm. Thus, the farmer saves money on transport and

ferti

logistics. Separately, SEGES Innovation suggests that manure can attract a price of betweend 1 . 3 0

T 2.60 per tDM if farmers were to sell this to produce biogas due to the current demand.
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Figure 16. Map of arisings of manure biomass and key stakeholders within the Danish MIP region.
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5.2.2 Biomass Value Chain Actors

Key actors in the manure value chain in the Danish MIP region include business actors focused on
the production of renewable energy such as biogas. Among others, these include Ausumgaard
Biogas, M- n s s o n , BlatwegEmergy and Lemvig Biogas. On the supplier side are primary
producer organisations such as Tranemarken Agro, Kuhr Hedegaard and Stakildgaard. On the policy
side there is the Danish Energy Agency which is responsible for handling national and international
agreements, tasks linked to production, supply and consumption of energy, and efforts to reduce
greenhouse gas emissions. It oversees the legal and political frameworks for reliable, affordable and
clean supply of energy in Denmark. Other NGOs include the sustainability Think Thank i Frej and

Denmar kdés Green T@oncitck Thank call ed
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5.2.3 New Biomass Value Chain Opportunities and Examples

Anaerobic digestion to produce biogas is a growing application for animal manures produced on
Danish farms, with production of biogas rapidly
increasing in Denmark, with subsidies in place for its
use. The widespread nature of biogas production
facilities in Denmark can be seen in Figure 17
(Danish Energy Agency, 2018). The different
support schemes for biogas include the following

uses:
1  Production of electricity

1 Upgraded biogas delivered to the natural gas

¥ grid or cleaned biogas delivered to a town gas grid

1 Use of bhiogas for process purposes in the

industry

1 Use of biogas as a transport fuel

1 Use of biogas for heating purposes (Danish

Energy Agency, 2020)

Figure 17. Map of Biogas Plants in Denmark.

The Maabjerg BioEnergy biogas plant is a well-established Danish biogas example and one of
wor | doé splahta It was designed primarily to treat animal slurries and eventually to form part
of a biorefinery concept. The plant processes up to 800,000 tons of biomass annually about 500,000
tons of which are liquid and solid manure, supplied by the local farming community. Along with
manure, the plant co-digests wastewater sludge, dairy waste and food waste, producing 18 million
Nm? biogas for use in district heating and electricity generation, as well as digestate for use as
fertilizer and fibres (IEA Bioenergy Task 37, 2014). A challenge is that many biogas companies are
owned by larger consortia with available capital funds, and therefore biogas is becoming a big
business or industry instead of a bio-based solutions for farmers. Also, the competition for biomass

makes production of and establishment of new plants at farms difficult.
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Figure 18. Maabjerg BioEnergy biogas plant based in Holstebro Denmark (source: https://bigadan.com/).

5.3 Local Crops Value Chain

The main crops in Denmark are small grains, mainly wheat and barley, covering more than half of
the agricultural area in the country. The breakdown of wheat and barley production, respectively
among the MIP regions is Zealand (125,482 ha and 113,415 ha), Mid Jutland (130,519 ha and
205,781 ha) and Northern Jutland (81,832 ha and 100,705 ha). Feed is the dominant use of the
domestic crop. Small amounts of rye, oats and maize are produced in all regions (Statistics Denmark,
2022a). From the harvest, straw is produced on the farm as a by-product of cereal production which
has several potential applications in a bio-based economy.

5.3.1 Biomass Arisings and Flows

An overview of the estimated flow of straw biomass, and arisings in the region is presented in Figure
19 and 20 respectively. The total straw production from various sources combined within the MIP
region is estimated at 3,483,000 tDM, with the largest arisings in Mid Jutland (1,519,000 tDM),
Zealand (1,086,000 tDM) and Northern Jutland (878,000 tDM) respectively. In terms of the current
end use of straw it is estimated that about 32% of the MIPs straw (1,114,560 tDM) goes towards
animal feeding and bedding, with about 27.2% (947,376 tDM) used for heating, 0.8% (27,864 tDM)
used for biogas and the remainder 40% (1,393,200 tDM) left unsalvaged. This represents a
potentially valuable resource if it can be harvested and collected sustainably. The estimated price
for straw currently stands at approximately 0180/t

biomass is presented in table form in Appendix 2.
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Figure 19. Sankey diagram showing the arisings and flows and fates of cereal straw across different regions
of the Danish MIP.
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Figure 20. Map of arisings of straw and key stakeholders within the Danish MIP region.
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5.3.2 Biomass Value Chain Actors

Several stakeholders within the MIP region have been identified as key to the straw value chain
covering a range of groups. This includes the straw association Halmselskabet, and other producer
groups such Kuhr Hedegaard and Dansk Halm. There are also businesses and entities linked to the
production of energy from straw, such as Linka Energy A/S and the Danish District Heating
Association (Civil Society). Research and Academia who are active in looking at the potential of
straw include the Danish Technological Institute and SEGES Innovation, while the Danish Energy
Agency is active in understanding and supporting the development of new opportunities from straw.

5.3.3 New Biomass Value Chain Opportunities and Examples

Straw holds great potential to be used as a renewable energy source, and as can be seen above,
one of the main applications for straw currently is for the production of energy in district heating
settings. In this case farmers producing straw deliver it to different district heating boilers. Dansk
Halm is an example of an association of producers of straw for district heating and biogas. The
association buys and sells straw for farmers to district heating plants as well as biogas plants. They
are an independent association with a secretariat at the Department of Agriculture and Food in
Axelborg, that protect and strengthen the interests of the straw suppliers. The association works to
ensure good conditions for straw suppliers and utilization of straw for energy purposes and help
create better opportunities and better political understanding for the use of straw for e.g., energy
purposes, non-food, etc. by maintaining good contact with buyers of biomass, the political system,
agencies etc. Straw as biomass has always been used for different applications, especially feeding
and bedding, but as natural gas is desired to be phased out, the use of straw for biogas plants has
gained increased interest. As the demand has increased, so to, the price for straw has also
increased, creating an additional source of revenue for farmers. Since straw is rich in carbohydrates
and lignin there is also potential to valorize these materials further, after pre-treating. Examples of
efforts to further process these materials include Dong Energy A/S Inbicond second generation

Funded by Page 59
the European Union n\\@

MAINSTREAM BIO




D1.3: Mapping of regional bio-based value chains, 28/04/2023

ethanol plant at Kalundborg, Denmark. The plant was inaugurated in 2009, with a process which
converts 30,000 tDM of straw into 5.4 million litres of ethanol, 13,100 t of lignin pellets and 11,250t
C5 molasses (Persson, 2010). Recent research from the Technical University of Denmark (DTU)
indicates that the use of straw to produce liquid biofuels for heavy transport is a more economically
and environmentally sustainable route than using it as a solid fuel for district heating (Venturini et al.,
2019). At a research level, the focus has also been on understanding the potential use of straw, not
only for energy production, but also to produce high value materials. The BIOVALUE project for
example has investigated the use of straw in the production of ingredients for pharmaceuticals,
cosmetics and textiles. It is important that any straw for new value chains is sustainably harvested
since straw plays an important role in adding carbon and organic matter to the soil. It offers
advantages in relation to the root development of the crop, the water-holding capacity of the soil and
better structure in the soil, among other benefits. This creates some sustainability concerns of

harvesting straw for biogas or new applications.
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6. I ri s hReMliPRn

Ireland is Europe's third largest Island and is composed of the Republic of Ireland and Northern
Ireland. The Republic of Ireland has an area of 70,273 km?, which is rich in terrestrial land and marine
resources. Approximately 64%, is suitable for agriculture, with 11% of total land used for forestry.
The country has a much larger maritime area than its land area at 488,762 km? (Central Statistics
Office, 2021). All of these resources make Ireland a potential destination for bioeconomy
development. The Republic of Ireland contains 3 NUTS2 regions (Northern and Western region,
Eastern and Midlands region and Southern region), along with 8 NUTS3 regions and 26 counties.
Its main areas of primary production include grassland production at over 80% of total agricultural
land (mainly beef and dairy), production of livestock (mainly dairy, beef, pigs, poultry, sheep), and a
smaller tillage sector (mainlybar | ey, wheat, oats). While Irelando
t o | r el atsdridsuraeecqnamy, a challenge exists due to the high share of national
greenhouse gas emissions (33%) which can be attributed to the agriculture sector (Department of
Communications, 2017). In response to this, Ireland has introduced a Climate Action Plan in 2021
with the aim of reducing greenhouse gas emissions by 51% by 2030 and achieving climate neutrality
by 2050 (Dept. of Environment, 2021). To help achieve this, sector emission ceilings have been
introduced, including a 25% reduction in agricultural emissions by 2030 as compared to 2018 levels.
These factors, along with market sensitivities, emphasized by Brexit, have supported investment into
Il relandbés bioeconomy wh idefdssilization,snereased ecompetitiveneasvaedn u e f ¢

market diversification.

The bioeconomy sector in Ireland employed almost 180,000 people across its various sectors in

o
>

2019, while the combined value-added from these sectors reachinga | mo st 0 IKhowtedge
Centre for Bioeconomy, 2023). Ireland has 14 bio-based industry facilities, with 11 being commercial
plants and remainder being R&D and demo plants. These are mainly focused on chemicals and
liquid biofuels (JRC, 2022). Ireland has had a National Bioeconomy Policy Statement in place since
2018 and has established a Bioeconomy Implementation Group, which is jointly chaired by the
Department of the Environment, Climate and Communications and the Department of Agriculture,
Food and the Marine, has a mandate to oversee the development of the bioeconomy in Ireland (Dept
of An Taoiseach, 2018). In 2021, the Irish government established a National Bioeconomy Forum to
provide a voice for a broad range of stakeholders, including industry, community groups, NGOs and
relevant state bodies. In addition, the government expects to publish a first National Bioeconomy

Action Plan in 2023 for implementation during the 2023-2025 period.
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Il relandbés MIP region, t helandid Totp@rised of thted MUTS3 relBiengi on o
and 10 local government areas (Mid-west; Clare, Tipperary, Limerick; South-East; Carlow, Kilkenny;

Wexford; Waterford; South-We s t ; Kerry, Cor k) . This region «¢omg
agricultural land, with many of the country dasgest agriculture co-operatives based within the region.

I n particular, the region comprises some of Irela
traditional cereal production areas along the Eastern Countries. It is also home to many smaller

industries in areas such as livestock and fruit production. While the region does not have a dedicated

regi onal bi oeconomy strategy, an objective of | r e
assemblies to identify areas of potential growth in the bioeconomy. The Southern Regional Assembly

of Ireland are currently participants on the Horizon Europe ROBIN project, which is aiming to identify

and co-develop good governance practices for regional bioeconomy development. In 2016, parts of

the Southern Region, were awarded the status of Model Demonstrator Region for Sustainable

Chemical Production, centred around a National Bioeconomy Campus at Lisheen in Co. Tipperary.

The development of the campus is led by the Irish Bioeconomy Foundation, a national cluster,

comprised of large and small companies, public sector bodies and academic partners. The campus

is home to the Bio-based Industries Joint Undertaking Flagship initiative called AgriChemWhey,

aiming to produce bio-based chemicals and co-products from whey permeate. Another clustering

initiative Circular Bioeconomy Cluster South-West, based in Tralee, Co. Kerry, is also supporting

education and outreach to companies in the South-West Region. Several universities, centres and

groups are active in various aspects of bioeconomy research, with much of these involving
collaborations with industry. An overview of some relevant value chains in the region is provided

below.
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6.1 Grass Value Chain

Out of a total of 4.9 million ha of Agricultural Area Used (AAU), grassland comprises almost 4.1
million ha making it the most abundant forms of terrestrial biomass in the country (Central Statistics
Office, 2016). Ireland is the only country in Europe with over 50% of its total land area as grassland,
(57% of total area) (Eurostat, 2021a). Yields of grass in Ireland are comparatively high at 12.7 to
15.0 tDM/ha ( O6 Donov an e The mdin. purpog @Rgeassland in Ireland currently is to
provide grazing and forage for livestock animals, particularly beef and dairy cows. However,
livestock-based farming is a key contributor to Ireland's national greenhouse gas emission profile,
with rumen methane from cows, forming over 50% of the total emission contribution from agriculture
(Department of Communications, 2017). Consideration must therefore be given to reducing animal

stocks and potential alternative land uses, which may provide new bioeconomy opportunities.

6.1.1 Biomass Arisings and Flows

In Ireland productive grassland can be roughly divided between grass that is intensively managed
(includes grazing and silage) and grass that is only used for silage harvesting. A breakdown of the
total grass flows and arisings considering both types of grassland and is included in Figure 21 and
22 below, with a total production of just over 40 million tDM. Counties Cork (2,308,555 tDM from
silage only grassland, and 8,293,652 tDM from intensive land) followed by Tipperary (1,312,678 tDM
from silage only land, and 5,412,481 tDM from intensive land) are the largest producer regions for
grass. All counties produced a large volume of grass in both categories. In terms of the flow of grass,
grass harvested from silage only land is used as ruminant feed only, while from intensive land 70%
of the grass estimated to be used for grazing with the remaining 30% harvest for silage as winter
forage for ruminants (Figure 21 below). A small amount may be used in anaerobic digestion, but this
is currently considered to be very small. A more detailed summary of the availability and flow of grass
can be found in table format in Appendix 2. Grass is estimated to have a market value of 4 1 2pér
tDManduptou 2 0 4 / fort18 &dit grass silage.
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Figure 21. Sankey diagram showing the arisings and flows and fates of grassland biomass across different regions of the
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Figure 22. Map of arisings of grassland biomass and key stakeholders within the Irish MIP region.
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6.1.2 Biomass Value Chain Actors

A summary of some key identified grass value chain actors and their stakeholder role can be seen
on Figure 22. In Ireland Dairy production is dominated by cooperatives, many of whom have an
international presence, such as Carbery, Glanbia and Dairygold. The beef sector is more fragmented
with individual farmers supplying a number of regionally located factories. Various universities and
research centres such as DPTC, BiOrbic, CircBio, BiOrbic, MarEl, Shannon ABC and Teagasc

Moorepark are active in providing support to research in these sectors.

6.1.3 New Biomass Value Chain Opportunities and Examples

In Ireland research is already underway, to consider alternative approaches to grassland
management. This includes on the input side, to consider how grass may be produced more
sustainably through inclusion of clover and multispecies swards (Moloney et al., 2020; Sheridan et
al., 2022), to the development of bio-based fertilisers and biostimulants as alternatives to traditional

fertilisers (Quille et al., 2022). Afl agshi p project in Ireland cal
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approach, combining multiple strategies with the aim of developing a net zero emissions model for
the dairy sector. The approach involves addressing management practices, including grass and soll
management, reducing input emissions, testing low emission diets including anti-methanogenic feed
additives, and looking for opportunities to displace emissions off farm, e.g., through production of
on-farm energy, and biorefinery products. In recent years, Ireland has become active in the research
and development of green biorefineries for the processing of grass and other green leafy biomass.
The EIP-Agri Biorefinery Glas project, has been a flagship project, led by Munster Technological
University, Carbery and others for the development of farm-based biorefineries, producing low
emission feed products for ruminants and pigs, displacing soybean meal imports, extracting prebiotic
sugars and co-producing bioenergy through anaerobic digestion. The results have shown good
potential for the development of green biorefineries in Ireland (Ravindran et al., 2022; Ravindran et
al ., 2021; Serra et al ., 2022) . I n February 2022,
million infrastructure investment granted to MTU and University College Dublin to develop an
integrated green biorefinery and anaerobic digestion plant in collaboration with Carbery in Cork,
Ireland. Another green biorefinery project funded through the EU LIFE Programme called
Farm4More is also looking to produce feed products along with biochar from grass. Other
approaches such the GRAZE project, is looking at develop a community-based anaerobic digestion
programme which includes grass as part of the supply chain. Looking at the broader, grassland value
chain, several models exist which focus on extracting value from dairy residues. These include the
Carbery Dairy model, based at Balineen Co. Cork, which produces whey protein, second generation
bioethanol and biogas from residues to cheese production. Another large co-operative, Glanbia, lead
the BBI JU AgriChemWhey project which is aiming to produce lactic acid, fertiliser and high value

ingredients from dairy processing sidestreams.
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Figure 23. The Biorefinery Glas grass biorefinery initiative based in Cork and Kerry, Ireland (Source:

).

6.2 Manure Value Chain

Due to the high herd count particularly in the cattle sector, significant amounts of cattle slurries and
manures are produced on an annual basis in Ireland. A previous report suggested that over 37 million
tDM of animal slurry are stored in Ireland annually (Ni Ruanaigh and McGrory, 2011). The slurry is
primarily stored and landspread to supply nutrients for soil. However, both the storing and spreading
of animal slurry is key source of greenhouse gas emissions in Ireland. Manure management
accounts for almost 10% of national emissions (Department of Communications, 2017). Aside from
the greenhouse gas emissions challenges there are also challenges around water and air quality
which are associated with slurry and manure management. These feedstocks could be potentially
processed to bio-based fertilisers or energy sources. A recent study has found that using a
combination of slurry, manure and grass silage feedstocks, biogas or biomethane could potentially
contributeto 28% of | r e | a n d @as supplyrbw2825 (SEAI, 2018). The government has recently
increased its biomethane production ambition with a target of 5.7TWh of biomethane production in
Ireland by 2030.
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6.2.1 Biomass Arisings and Flows

Given that the Southern Region of Ireland is a key location for beef and particularly intensive dairy
production, a large volume of slurry biomass arisings is estimated within the region, approximately
29.4 million tDM. Figures 24 and 25, respectively, provide an overview of the regional breakdown
and flow and arisings of manure biomass across the regions and combines slurry and manure

feedstocks dairy and beef cattle, sheep, pig and poultry sectors.

It is assumed that 100% of the biomass is supplied back to the land directly or stored and then
applied to the land (Figure 24 below). A small amount is used for anaerobic digestion; however this
is currently considered very minor and no precise figures are available. A more detailed summary of
the availability and flow of biomass per county can be found in Appendix 2. Generally animal manure

is not linked to a specific price in Ireland.

Figure 24. Sankey diagram showing the arisings and flows and fates of livestock manure across different

regions of the Irish MIP region.
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Figure 25. Map of arisings of animal manure biomass and key stakeholders within the Irish MIP region.
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6.2.2 Biomass Value Chain Actors

As slurry is generally produced on farms, it is managed by the farmers. Some of these farmers
operate within cooperatives, particularly within the dairy sector. However, many farmers operate
independently, within the beef, poultry and pig sectors. As there is much interest in the renewable
energy development from slurries, some of the key actors have also been highlighted such as Gas
Networks Ireland, the organisation that own and operate the natural gas network in Ireland. Existing
biogas plants such as Green Generation, Timoleague AgriGen and Green Gas, projects such the
GRAZE project, and associations such as the Renewable Gas Forum and the Irish Bioenergy

Association, are also key actors within the sector and region.

6.2.3 New Biomass Value Chain Opportunities and Examples

As slurry management is a major contributor to agri-related emissions, various approaches to slurry
management are being considered. Low Emission Slurry Spreading and the use of protected urea
are commonly promoted as good practice steps for adoption on farms in Ireland. At research level
novel solutions for slurry management are being developed. Irish company GlasportBio developed
an additive applied to slurry in storage which has proven highly effective at reducing methane,
hydrogen sulphide, ammonia and other gaseous emissions associated with slurry management. In
addition, by preventing loss of valuable nutrients this enhances the value of manure and slurry for
onward uses, such as anaerobic digestion. A recent study found that this reduced gaseous

emissions by cattle slurry by up to 90% with additive-treated slurry providing a richer feedstock for
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anaerobic digestion, increasing methane output by 17% (Thorn et al., 2022). Various research, and
demonstration projects are underway to support biogas production at different scales, including at
farm scale (e.g., through the EIP-Agri Small Biogas Demonstration Programme) and at larger scale
(e.g., through the GRAZE project which will construct a central grid injection (CGl) facility in
Mitchelstown, Co. Cork. Projects such as ReNU2Farm are investigating the potential and
marketability of recycling derived fertilisers from farm residues such as slurries. Teagasc have
commissioned an anaerobic digestion plant (1,625 m3 digester capacity) at their Grange research
facility which will test the co-digestion of different sources including pig and cattle slurry and grass

silage.

Figure 26. Teagasc Grange Biogas Plant at Grange, Ireland (Source: ).

6.3 Cereal residue Value Chain

While Ireland's tillage sector has declined in recent years, due in part to dairy expansion, it is still a
significant component of agriculture nationally. Cereals comprise the largest component of the tillage
sector, with approximately 280,000 ha and an annual crop output of around 2.3 million tonnes DM
(Wallace, 2020). A recent study showed that tillage farms have the lowest carbon footprint at 2.5

t/ha, compared to the other main farming enterprises such as dairy production with 9.5 t/ha (Teagasc,
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2021). The Southern Region of Ireland contains most of the areas which hold a strong tradition of
producing cereals, and other crops like sugar beet, particularly around the East Coast. Cereals,
mainly wheat, barley and oats, are used for the production of oats, whiskey, beer and other products
across Ireland, generating by-products at the factory (e.g., brewers spent grain) and in the field. On
the field, straw is a key by-product of the cereals sector. Recent studies show that the sector
generates an estimated 750,000-1 million tDM of by-products annually on a national level (Attard et
al., 2020; BioEire, 2017). The straw by-products are currently used in relatively low economic value
applications such as animal bedding and land application but could potentially be used for the

generation of biochemicals, biomaterials and bioenergy.

6.3.1 Biomass Arisings and Flows

The total straw biomass (derived from barley, oats and wheat combined) within the Southern Region
of Ireland is estimated at just over half a million tDM. The bulk of this is derived from barley, followed
by wheat and oats. The flow of this biomass is presented in Figure 27, while total arisings at a county
level is presented in Figure 28. Cork and Wexford are the largest producer counties (in excess of
100,000 tDM each), with significant volumes also being produced in Carlow, Kilkenny and Tipperary.
A breakdown of the straw types within these regions is included within Appendix 2. Figure 27 shows
the flow of straw into different applications across the MIP region. For all straw types, the main
applications are in animal feeding and bedding, with a small amount applied to land. In the case of
wheat straw, a proportion of this also goes towards mushroom composting. Mushroom compost is
manufactured from wheaten straw and poultry manure, with the addition of water and gypsum.
Ireland introduced a Straw Incorporation Measure in 2022 with the purpose of encouraging tillage
farmers to increase soil organic carbon levels by chopping and incorporating straw from cereal and
oilseed crops. The aim is to sequester carbon in tillage soils, thereby reducing greenhouse gas

emissions.
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Figure 27. Sankey diagram showing the arisings and flows and fates of cereal straws across different

regions of the Irish MIP region.
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Figure 28. Map of arisings of cereal straw biomass and key stakeholders within the Irish MIP region.
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6.3.2 Biomass Value Chain Actors

Straw production is mainly overseen by individual farmers who are managing the crop. These are
mainly represented by the Irish Farmers Association and Irish Grain Growers Association. Other
actors in the value chain include those actors currently using the crops produced such as food
producers like Flahavans and Odlums, and brewing and distilling companies such as Diageo and
Irish Distillers. Compound feed companies also form part of this user group. Various research entities
are involved in research related to crops, with Teagasc Crops Centre at Oakpark being a central

research body in the development of cereal crops.

6.3.3 New Biomass Value Chain Opportunities and Examples

Various research and demonstration activity is being conducted within the region which has the
potential to increase the sustainability, and lead to new value chain opportunities from straw. On the
input side work is under way to evaluate the potential of biostimulants to replace mineral fertilisers
in order to enhance cereal crop production ( Go i e t). Various stud®Oh2vk been conducted
evaluating the potential of biofuels such as bioethanol and pyrolysis oil from different kinds of straws
(Butler et al., 2013; Murphy and Power, 2008; Spicer et al., 2012). In Ireland, the Grow Green Burn
Blue project is investigating the co-production of pyrolysis oil and other energy carriers from straw
and other biomass sources using a continuous pyrolysis process. The process will be integrated
within a districted heating scheme, while the project is also exploring the different value-added
products which may be used from the process. Previous attempts have been made to develop
commercial projects based on straw and other cereal-based residues in Ireland including as an
energy source, and for the production of chemical building blocks (Plastics Today, 2013;
Renewables Now, 2013). Internationally several projects are underway to explore the use of straw

in advanced applications. One example is the Optisochem project which focuses on the conversion

Funded by Page 76
the European Union n\\@
MAINSTREA.M BIO




D1.3: Mapping of regional bio-based value chains, 28/04/2023

of wheat straw to bio-isobutene, a chemical building block with applications in the energy, materials

and cosmetics sectors.

6.4 Seaweed Value Chain

With a large coastline, Ireland is home to a large maritime sector, in particular for food applications.
A declared landing of 322,785 wet tonnes of fish were landed in Ireland in 2021(Sea Fisheries
Protection Authority, 2022). The main sources of pelagic fish include Boarfish, Mackerel, Horse
mackerel and Albacore tuna, with Whitefish sources mainly including Haddock, Whiting and White
Pollock (Bord Bia, 2017). Shellfish and crustacean sources include Brown crab, Velvet crab, Prawns,
Lobster, Pink shrimp, Whelks, Scallop and Periwinkle, while the main aquaculture sources include
Organic salmon, Organic mussels and Oysters (Bord Bia, 2017). Ireland also has an emerging sector
focused on the harvesting and landing of seaweeds for various applications including food ingredient,
health products and cosmetic products. Primary sources include dulse, carrageen moss, and various
kelps and wracks. The seaweed sector is still relatively small-scale and largely untapped, but with

enormous potential for developing value-added materials.

6.4.1 Biomass Arisings and Flows

Approximately 40,000 wet tonnes of seaweed is harvested in Ireland each year with over 95%
naturally grown (Bord Bia, 2021). While the actual regional breakdown of seaweed feedstocks exists,
a new study has mapped the seaweed arisings as coastal locations in Ireland, with the main
production areas along the North-Western, and Western Coastlines, with smaller production areas
of the South-Western Coastal areas of Cork and Kerry. Ascophilum nodosum (not represented in
the south, represents 98% of the seaweed harvested in Ireland) is used to produce intermediary
ingredients (for valorising) and lower value products for agricultural/amenity horticulture use. The
price of Ascophilum nodosum is approximately 60 4 / viNationally the main other species (excluding
Ascophilum nodosum) of seaweed harvested include Saccharina latissimi, Pelvetia canaliculate,
Palmaria palmata, Nori, Laminaria digitata, Himanthalia elongate, Fucus serratus, Chrondrus crispus
and Alaria esculenta, amounting to a total of approximately 33,000 wet tonnes, ranging in price from
800-1500 u / wRegardless of the species, it is estimated that in the South of Ireland from 0.005 to
200 wt per 2 km of beach is harvested per year. Traditionally the destination of the seaweed has

been agriculture (soil amendment) and animal feed but there is currently an expansion of seaweed
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for human use in cosmetics, nutraceuticals, or food, growing over time. A map of the main yields of

seaweed (wet tonnes) in different coastal regions of Ireland is provided in Figure 29.

Figure 29. Map displaying the main yields of seaweed in different coastal regions of Ireland (source: Gibson,
C. 2023).
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6.4.2 Biomass Value Chain Actors

Over 40% of the seaweed processors are in the South of Ireland. The primary processing is primarily
located in the Northern part of the country while the valorisation process is mainly located in the
South. Some key processing actors include Nutramara, Brandon Scientific and Bioatlantis on the
South-Western coast, and Marigot on the Southern coast. Key research organisations and centres
active in the area of seaweed research include Munster Technological University (CircBio and
Shannon ABC), BiOrbic, Bantry Marine Research Station, the Marine Research Institute and MarEl.
Bord lascaigh Mhara, the agency of the Irish state with responsibility for developing the Irish marine
fishing and aquaculture industries, is another important stakeholder.

Funded by Page 78
- the European Union n\\@

MAINSTREAM BIO




D1.3: Mapping of regional bio-based value chains, 28/04/2023

6.4.3 New Biomass Value Chain Opportunities and Examples

Due to the large number of innovative processors and research entities active within the region, there
are many examples of innovative projects and companies focusing on the valorisation of seaweed.
Recent studies have shown the potential for seaweed-based bio-stimulants (Ascophilum nodosum)
to reduce the nitrogen input requirements of various crops while maintaining yield of these crops
(Gofvi et al ., 2 0 2.1Spme Qfuhede Ibiestinmulaints anhy. also b2 0s2dt) support
plant production in regions prone to drought ( G o T al., 281i8). Research is also underway among
Irish research entities to investigate the extraction of polyphenols, laminarin, protein, and other
bioactive and antioxidant compounds for use in food, nutraceutical and feed applications (Kadam et
al., 2017; Kadam et al., 2015b; Ummat et al., 2020). Other applications in high value biomaterials
and cosmetics also hold potential (Kadam et al., 2015a; Kadam et al., 2015c). Due to the high-level
emissions attributed to livestock production, a recent interest in the potential of seaweed additives
as methane-abating feed additives is also being investigated. A recent project called Sea Solutions
has been established to evaluate ingredients to reduce enteric methane emissions from pasture-
based sheep, cattle and dairy cows. Regional companies such as Bioatlantis and Nutramara are
developing technologies and bringing products to market across a range of products from

biostimulants, nutraceutical and cosmetic products.

Figure 30. Facilities of BioAtlantis in Kerry, Ireland (Source: https://www.bioatlantis.com/).
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6.5 Apple residue Value Chain

Irish apples have been grown commercially for over a century and considered a lucrative crop in
suitable areas. A decline in production began in 1973 upon entry to the EU and lifting of tariffs on
imported apples. The total apple production area in 2017 was 713 ha (Teagasc, 2020a). There are
three types of apples produced commercially in Ireland: dessert apples (eating apples); culinary
(cooking) apples; and cider apples. Dessert apples are the most common type found in retail sales
in Ireland, while Cider apple production consists of about a third of the acreage being grown with
special varieties. The out-graded apples from both dessert and culinary apple production are used
to make cider (Teagasc, 2020a). The recent trend towards smaller craft cider production, has led to
some increased demand for apples to meet this market.

6.5.1 Biomass Arisings and Flows

The total amount of damaged apples going for cider production in Ireland is estimated at 1,362 tDM,
with Carlow identified as the main production area for these apples. The main production zones are
highlighted in Figure 32. The flows of this biomass across regions and fates are indicated in Figure
31 below, with over 60% going for cider production, and around 16% produced as a pulp from cider
process which is often landfilled. A small amount of pruning residues is also produced. Apples vary
in price between 750 0 / tfar dessert and culinary applesto 185-266 U/ t on f or s.Amaldeer ap |

detailed breakdown of biomass arisings and flows is included in Appendix 2.
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Figure 31. Sankey diagram showing the arisings and flows and fates of damaged apples across different
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Figure 32. Map of arisings of apple residual biomass and key stakeholders within the Irish MIP region.
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6.5.2 Biomass Value Chain Actors

BulmersLt d. based within the Southern Region of

cider producer and the main consumer of apples for cider production. Smaller breweries for Cider
production include Falling Ap pwithkeHei@akeh enr Cork, Wiaiam
produces Orchard Thieves Cider. A number of juice producers also exist including Ballybryan Farm
and Mulrines. There are about 40 full-time commercial apple growers in Ireland, and a number of
additional smaller-scale operatives, growing approx. 15,000tDM of apples on an annual basis (Irish

Apple Growers Association, 2020).

6.5.3 New Biomass Value Chain Opportunities and Examples

Although the volume of apple processing residues is relatively small compared to other sectors, this
material has a high sugar content which may be suitable for use in higher value added processes.
To date only a relatively small amount of research regarding these residual streams appears to have
been undertaken. Wijngaard and Brunton (2009) investigated the optimization of extraction of
antioxidants from apple pomace using pressurized liquids. Reis et al. (2014) investigated apple
pomace as a potential ingredient for the development of new functional foods, finding that the
inclusion did not compromise the food negatively, but increased fibre and phenolic content, along

with antioxidant capacity of the project. Other studies internationally have investigated the use of
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apple processing residues in applications including biofuels, bio-based chemicals and materials
(Gonz@&drez2a et al., 2018; Gulhane et al., 2015; G

6.6 Hemp Value Chain

Over the last decade there has been a growing interest in Ireland in the development of a hemp
industry. The interest in hemp comes from its potential application both for medicinal and material
products. Hemp is an excellent break crop as its extensive root system improves soil structure.
Subsequent crops have less weed pressure, and yield increases of 101 20% have been shown in
winter wheat crops grown after hemp (Finnan and Styles, 2013). It has been demonstrated that hemp
can produce high annual yields of biomass of approx.12.5 t/ha in Ireland with no agrochemical input
and with modest fertilizer input. In addition, there is a growing interest in the potential of hemp to
contribute to Idefasdilizatiod.6Tee eptimated sefuestration rates from hemp
production are between 10 to 22 t of carbon dioxide (CO) emissions per hectare (Madden et al.,
2022).

Hemp can potentially be fractionated into different streams for further added value including stalk
(into fibre and hurd), seeds (into hemp oil and seed meal), or flower (into CBD products) (Teagasc,
2020b). Hemp can be used in the construction, car manufacturing, paper, food, animal bedding,
clothing, drinks, health, pharmaceutical, biofuel and cosmetics industries. Hemp oil is used in health
supplements, personal care, cooking and also in industrial applications such as linseed oil in paints

(Department of Agriculture, 2022).

Current legislation in Ireland does not allow for the growing of hemp unless a specific license has
been granted by the Health Products Regulatory Authority (HPRA) which operates under the
auspices of the Department of Health (Department of Agriculture, 2022). Hemp farmers must under
current legislation destroy the hemp flower, as cannabinoids are produced in the flower head
(Teagasc, 2020b). The current legislative framework is described as being prohibitive for growers

and researchers.

6.6.1 Biomass Arisings and Flows

There was an increase in the area of hemp sown in Ireland between 2016 and 2019. However, there
was a 77% decrease in area sown between 2019 and 2022 from 316 ha to 72 ha (Department of
Agriculture, 2022). While there is a lot of interest in the development of a hemp industry in Ireland,

the production level is still low at only approximately 100 tDM based on official figures. There is

Funded by Page 84
the European Union :\\@

MAINSTREAM BIO




D1.3: Mapping of regional bio-based value chains, 28/04/2023

interest in scaling the industry, but this will require some legislative support, and the deployment of
infrastructure for pre-processing of hemp. Some indicative prices for hemp co-products were 200-
800 u/tDM for hemp stalk and upto 0 1 5 @0M of seed (Hemp Cooperative Ireland 2023).

Figure 33. Map of arisings of hemp biomass and key stakeholders within the Irish MIP region.
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6.6.2 Biomass Value Chain Actors

Key actors in the hemp value chain include the producers, mainly represented by Hemp Cooperative
Ireland, a national association of hemp producers and other stakeholders. A number of companies
are also developing products from hemp feedstock including deDan Yand Wild Atlantic Hemp with a
primary focus on Cannabidiol as an ingredient in various health products. Research on production
and valorsiation of hemp is supported by a number of institutes nationally including Teagasc,

Munster Technological University, and Technological University of Shannon, Midlands and Midwest.

6.6.3 New Biomass Value Chain Opportunities and Examples

Despite the current, relatively low production of hemp, the interest that has been developed in its
potential to bring environmental and commercial benefits (e.g., through biorefining), with interested
growers across the country, indicates that this a potential development area for Ireland. Hemp
Cooperative Ireland is already actively engaged in a number of research projects with national
collaborators on topics including, the design of a hemp harvester which can cut and separate the
stalk and seed of the hemp crop. Another ongoing collaboration exists within Shannon ABC, aimed
at standardizing cannabinoid extraction in Ireland. A separate initiative called Hemp4Soil
investigates the role of hemp in soil biodiversity and carbon storage on dairy farms. Other projects
have focused on the potential of hemp and its by-products in various food and material applications
including, the extraction of protein for food applications (Cabral et al., 2022) and the use of hemp
lime bio-composite as a building material in Irish construction (Daly et al., 2012). At Cloughjordan
Eco-village in Co. Tipperary, a first lime-hemp house was developed in 2011 as one of many
sustainability initiatives within the village. Cloughjordan is renowned as the village with the lowest
carbon footprint in Ireland, and its sustainability ethos has generated an interest from eco-tourists
wanting to visit and stay at some of the v i | | acgomm@alations. To support the development of
Il rel and©os hemp sector , further research i s

valorisation of the different hemp fractions (e.g., seeds, stalk or flower). Interesting international
projects, such as MULTIHEMP have already shown the potential for hemp co-products to be
developed into a spectrum of bio-based materials such as cosmetics (from hemp oil) and insulation

and composites (from fibres).
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/. Net herl ands MIP Regi ons

Located in Northern Western Europe, Netherlands spans a total area of 41,850 km? and contains a
population of 17.8 million inhabitants. The country has a coastline of 451km providing direct access

to maritime resources in addition to its terrestrial resources. In 2018 primary land use in the
Netherlands was mainly focused on agriculture (54%) with a relatively small forestry use (8%)
(Eurostat, 2021b). Agricultureisaver y i mpor t ant component of the Net
overall economy. After the United States, the Netherlands is the biggest exporter of agricultural

produce in the world, exportings ome U 65 bi Il |l i on of a gwhicktacdountgsforal pr ¢
17.5% of total Dutch exports (Government of the Netherlands, 2021). The Dutch agricultural sector

mainly produces cereal, particularly wheat and feed crops (such as fodder maize) and potatoes
(Government of the Netherlands, 2021). The livestock sector is also a significant sector. According

to the 2021 Netherlands agriculture census, the total pig population was approximately 11.4 million

pigs, the national cattle herd was just under 4 million, the poultry herd was almost 100 million, while

the dairy goat herd was 482,000 (CBS, 2021). The horticultural sector focuses on vegetables and

flower bulbs with Dutch greenhouses producing mostly vegetables and flowers like sweet peppers

and roses (Government of the Netherlands, 2021).

The Netherlands bioeconomy employed over 400,000 people across its different sectors in 2019,
with a combined added value from all bioeconomy sectors of almost (33 bhillion (Knowledge Centre
for Bioeconomy, 2023). It is also developing a number of bio-based industries across different
sectors. There are 113 bio-based industry facilities based in the Netherlands, 102 of which are
classified as commercial plants, with 7 pilot and demo plants and 4 R&D plants. These are mostly
related to bio-based chemicals, biomethane, liquid biofuels and pulp and paper, with a minority

focused on bio-composites and fibres, sugar and starch and timber (JRC, 2022). Bioeconomy

devel opment in The Netherlands is politically gui
based Economy 6 (2012) . The framework paper compl emen:
bi obased economy, ifGroene Groei: Van -Hasedbusnessa naa
strategy is a result of the gover nmentibesondn§dsl i nn

a common theme across several top sectors (German Bioeconomy Council, 2015). Other key
document s i Stratégic Biemads Vision fior the Netherlands towards 20300 publ i shed
2016, aimed at understanding how the Netherlands can best use its biomass resources to achieve
its 2030 policy targets across key areas such as food, energy, climate, mobility and bio-based
economy. More recently a comprehensive review has been made of all available bio-based raw
materials (feedstocks) which can be used in the bioeconomy now and in the near future, which

products can be made now and in the near future and the way to go to increase the production of
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biomaterials, bioproducts and energy. This report by Corbey & Van Asselt, 2022 was a result of the
discussions of the government with many stakeholders on the way for reducing climate impact and
the climate pact of the Netherlands. Also, more recently Voncken (2022) published a report
commissioned by the ministry of agriculture regarding a microeconomy survey of the bio-based
economy in the Netherlands. Voncken (2022) also provides concrete recommendations for further
development. These are in line with the report of Corbey & van Asselt, but are sometimes even more
specific, namely making bio-based raw materials a spearhead policy and, in addition to residual
flows, also focusing on large-scale cultivation of dedicated bio-based crops for the purpose of cost
price reduction and sufficient market size for processing. In this report it is stated that it is always

essential to enable valuation via CO; credits so that revenue models can be created.

Netherlands has long been home to key research and development in the area of bio-based
economy through institutes such as Wageningen University, through Wageningen Food and Bio-
based Research and the Application Centre for Renewable Resources (ACRRES) and Delft
University of Technology, and companies such as Corbion, Royal Cosun, Avantium, BTG, GRASSA

and many more. Many research results are in the Groene Grondstoffenreeks (2023).

The focus regions of the Netherlands MIP are the NUTS2 regions of Friesland (NL12) based in North
Netherlands and Flevoland (NL23) based in East Netherlands. These regions contain a total farm
area of just over 300,000 ha, of which almost 95% is utilised agricultural land serving a variety of
primary sectors and generating different types of biomass and residue streams. (EuroStat, 2022). In
terms of breakdown of farm area per NUTS2 region of the MIP, it is mainly in Friesland (235,730),
with a smaller amount in Flevoland (92,760) (EuroStat, 2022). While the majority of policy
frameworks related to the bioeconomy are led by the central government, regional governments of
t he Netherl and®6s asemitiaiveseg., tisraughpublic procargment programmes.
In addition, activities in rural areas, such as in Flevoland (Jutte et al., 2018) and Friesland (Vereniging
circulair Friesland, 2023) promote the support of farmers in the context of the circular economy with
the aim of developing several biobased opportunities. Examples of such actions are the creation of
the platforms ACRRES and "Vereniging circulair Friesland". Meanwhile, Horizon Flevoland is the
regional development agency in Flevoland which supports Flevoland entrepreneurs who want to
grow and support social and environmental challenges. They recently released a multiple year
strategic vision and plan for 2023-2027 (Horizon, 2023). There are three pillars: transitions in food
production, raw materials and energy. A special focus area mentioned will be bio-based construction.
By using bio-based materials in applications a focus in on the sequestering of biogenic carbon in
buildings which should be kept for at least several decades. It should also be an additional source
of income for farmers for paid CO, credits. Horizon Flevoland support this by networking and
connecting entrepreneurs and searching and initiating for adequate subsidies with support from

students and other stakeholders.
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7.1 Value Chain 1 - Manure

In the Netherlands, intensive livestock farming means that there is an excess of manure produced
in some regions which cannot be used sustainably by the livestock sector, and this can generate
negative impacts on the ecological system. For land application of animal manure, the Netherlands
is bound by the annual l'imit of 170 kg ,mandthe
excess of manure places pressure to meet these targets. Dutch manure policy focuses on both the
production and the application of manure and fertilizers. The main goal is to prevent or limit nutrient
dispersion in the environment by regulating manure application (Leenstra et al., 2019). This manure
which cannot be applied directly on the land also presents an opportunity to scale new bio-based
industries in the Netherlands. The production of manure at a national level is estimated at 62.2 million
tDM in the case of cattle, 10 million tDM in the case of pigs and 1.4 tDM in the case of poultry
(Leenstra et al., 2019). Dutch manure exports amount about 3 million tonnes/annum (Netherlands

Enterprise Agency, 2022).

Bl Biomass Arisings and Flows

Within the MIP region of Netherlands, it is estimated that the arisings of animal manures from the
different livestock sectors (cattle, pigs, poultry, sheep and horses), constitutes approximately
12,309,000 tDM allocated by Friesland with 10,911,000 tDM and Flevoland with 1,398,000 tDM. As
in the national case, the regional manure is mainly coming from cattle, followed by pigs and poultry.
Most of this is estimated to go either for direct land application or for use in anaerobic digestion.
However, no precise breakdown was identified. Manure is considered to have a negative price value
inthe Netherlandsof-0 1 07 &« b5 per tonne. The breakdown of
34. A full summary of the arising per region data is included in Appendix 2.
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