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EXECUTIVE SUMMARY

This document presents the assessment of the biomass potential and nutrient recycling opportunities
within the six SCALE-UP regions: Northern Sweden, Mazovia (Poland), the French Atlantic Arc,
Upper Austria, Andalusia (Spain), and Strumica (North Macedonia). It is supplemented by a series of
sustainability screening exercises in each region that aim to provide rough indications of where their
ecological boundaries might currently lie. The biomass assessment includes an evaluation of
agricultural residues and forestry residues. The sustainability screening includes appraisals of the
state of water, land and soil, and biodiversity.

Biomass availability and nutrient recycling are essential for a thriving bioeconomy, an economic
system that utilizes biological resources to generate products and services. To ensure the
sustainability of this adapted economic model, system dynamics must be acknowledged to keep
ecological boundaries from being overstepped. Therefore, the state of the environment and potential
impacts of bioeconomic activities are considered. Recommendations are given to optimize biomass
utilization and nutrient management to enhance bioeconomy growth while keeping environmental
impacts in check.

For each region comprehensive reports have been written on biomass availability and nutrient
recycling, and on ecological boundaries. To facilitate dissemination within the platforms, on the
SCALE-UP webpage and other media, the reports have been summarized into factsheets illustrated
by diagrams. The table below shows where the reports can be found. With clickable titles, allowing
easy navigation.

Tablel, Overview regions, biomass streams, factsheets and Annexes

Biomass & Ecological Annex 1: Annex 7:
. Boundaries ’
North Sweden A Forestry residues - Nutrients
Biomass & Ecological Annex 2: Annex 8:
Mazovia Boundaries
(Poland) ‘ QERISLGRICECS Nutrients
Biomass & Ecological . .
Strumica Boundaries Annex 3: Annex 9.
(North % Compost from :
Macedonia) agricultural residues Nutrients
Biomass & Ecological Annex 4: Annex 10:
. Beer and bakery by- Boundaries
RRelatells & products Nutrients
Biomass & Ecological . Annex 11:
e . . Annex 5:
French Atlantic Building insulation Boundaries
Arc @ from fibre crops and Nutrients
straw
Biomass & Ecological . Annex 12:
. . Annex 6:
Andalusia R‘, Olive by-products Boundaries
(Spain) y-p Nutrients
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There are several observations and conclusions that could be made when reviewing the reports. The
most important ones are the large differences in depth and approach between the regions, the effect
of production levels and the location where biomass comes available, the effect of feedstock- and
product markets, the difficulty to assess the economic potential and ecological boundaries when
production chains are not sufficiently known or defined, and the biomass availability compared to the
guantities required.

In all regions, special attention has been given to the possibilities of nutrient recycling and to the
notion of ecological boundaries. Here, the state of surface water bodies and the multiple pressures
they are subject to is of moderate to high concern across all SCALE-UP regions. Soil erosion and
other forms of degradation remain a considerable risk in two out of the six regions. And concerns on
biodiversity are indicated by the relatively large number of species categorised as endangered and
critically endangered in half of the SCALE-UP regions. This need not be seen as an insurmountable
challenge to the development of regional bioeconomies, but as a call for a) reflection and serious
consideration of the sustainability dimension of the bioeconomy concept, and b) integration of
currently disperse initiatives that can drive meaningful innovation and community well-being. As a
concrete example, concerns with respect to the impacts of excessive pesticide and fertilizer use on
the environment may influence the possibilities for nutrient recycling. In this report, all regions have
included recommendations to pay more attention to nutrient recycling and the ecological boundaries.

The information from this report should provide a good base for assessing the economic and
environmental potential in the six SCALE-UP regions in the future. Many building blocks have been
assembled in the regional reports for future availability and ecological assessments.

A proper mobilization and use of biomass resources require a good understanding of the production
chain, conversion processes, a broad knowledge of the sector and its dynamics, and the level of
dependence on the environment for production inputs and waste management. Therefore, regional
platforms will have to develop their capacities to understand the position of their stakeholders and
their needs. The capacity-building activities organized in the SCALE-UP project, including the training
program and study tours, are important for the development of the regional platforms. Also, good
collaboration with local policymakers is essential. Cross-regional collaboration on horizontal topics
can be further pursued to promote and leverage exchange between the six regional platforms.
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1 Introduction

Biomass availability and nutrient recycling are essential for a thriving bioeconomy, an economic
system that utilizes biological resources to generate products and services. To ensure the
sustainability of this adapted economic model, system dynamics must be acknowledged to keep
ecological boundaries from being overstepped.

The SCALE-UP project aims at accelerating the bioeconomy in Northern Sweden, Mazovia (Poland),
the French Atlantic Arc, Upper Austria, Andalusia (Spain), and Strumica (North Macedonia). It is
crucial to understand the regional biomass availabilities and nutrient recycling dynamics in the
regions to guarantee a sustainable and circular bioeconomy. In the concept of the bioeconomy, the
natural environment continues to serve as the source of productive inputs (e.g. provisioning
ecosystem services) and the sink of waste and byproducts that are not valorised (e.g. regulating
ecosystem services). For instance, biomass serves as a versatile feedstock for bioenergy, fertilizers,
chemicals, and a wide range of other value-added products. Water and soil are essential elements,
not just as productive inputs and media underpinning many economic activities, but as sustenance of
life. Still, both the resources extracted from nature and its carrying capacity are limited, and so
availabilities and qualities along spatial and temporal scales must be carefully kept in check. Nutrient
recycling, the process of returning nutrients to the soil, ensures soil health and productivity. Securing
the right balance is necessary to prevent the quality of water resources from deteriorating and to
protect and restore the biodiversity that depends on them.

This deliverable presents an assessment of the biomass potential and nutrient recycling opportunities
within the six SCALE-UP regions. This includes an assessment of available biomass resources,
including agricultural residues and forestry residues and how they could be used within the
bioeconomy. The report also examines possible opportunities for nutrient recycling within these
biomass streams. Additionally, the state of the environment in each of the six regions and the
potential (positive and negative) impacts of the bioeconomic activities they pursue are considered
using a sustainability screening approach, with a focus on soil, water and biodiversity. Based on this
analysis, the deliverable aims to give recommendations on how to optimize biomass utilization and
nutrient management in a manner that enhances bioeconomy growth while keeping environmental
impacts in check.

Regional biomass availabilities, nutrient balances and ecological boundaries 7



Twelve comprehensive reports were written and can be found in the Annex. For each region, a report
on the biomass potential and nutrient recycling was written, as well as a sustainability screening,
focussing on the ecological boundaries. The reports have been summarized into concise factsheets
within the main text of this document. The table below shows where the full reports can be found in
the annex, with the titles being clickable, allowing easy navigation within the document; as well as the

main topics covered in the reports.

Table2, Overview Annexes

Biomass stream

Biomass Potential &
Nutrients

Ecological Boundaries

9 Introduction to the region and
biomass streams

1 Feedstocks that will be studied

1 Role of nutrients in the value
chain

1 Biomass potential

I Nutrient recycling options

Annex 1: Regional biomass and

Annex 7:_Sustainability

North Sweden A For_estry nutrient availabilities in Screening 1
residues Biofuel Region, SE
Apple by- Annex 2: Regional biomass and Annex 8: Sustainability
Mazovia (Poland) ‘ bpie by nutrient availabilities in Mazovia Screening 1
products region (Poland) Mazovia, PL

Compost from

Annex 3: Regional biomass and

Annex 9: Sustainability

Strumica ; . T — : P
(North Macedonia) agricultural nutrient availabilities in Strumica Screening |
residues region Strumica, MK
Beer and Annex 4: Regional biomass and Annex 10: Sustainability
Upper Austria @g bakery by- nutrient availabilities in Upper Screening 1
products Austria Upper Austria, AT
Building Annex 5: Regional biomass and Annex 11: Sustainability

insulation from
fibre crops and
straw

French Atlantic Arc @

nutrient availabilities in the French

Atlantic Arc

Screening 1
French Atlantic Arc, FR

R Olive by-

Andalusia (Spain) products

Annex 6: Regional biomass and
nutrient availabilities in Andalusia

Annex 12: Sustainability
Screening 1
Andalusia, ES
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2 Methodology

The methodology employed for both parts of the work documented in this report integrates
stakeholder engagement, data collection and analysis.

The assessment started with identifying key stakeholders across the six SCALE-UP regions. Then, a
cross-regional assessment workshop was organized to gather insights from stakeholders on the

needs and priorities in terms of bioeconomy rollout in their respective regions. This two-day online
workshop was organized in November 2022 andai med at mapping the region
capabilities, identifying opportunities to link with previous implementations, strategies, and roadmaps,

and finally, identifying foreseeable barriers and deployment challenges for the regional bioeconomy.

Following the workshop, BTG developed a template outlining the information needed for the biomass
availability and nutrient assessment. BTG then engaged with each region individually to discuss the
template and the specific context and requirements of each region. The regional partners then added
information from their databases, regional databases, national statistics, as well as other accessible
sources of information. The regional partners also conversed with members of the regional platforms
and contacted local companies and organisations for additional information and insights. The sources
identified during the development of the information packages in Task 2.4 and the training program of
WP3 also served as key references for the biomass and nutrient assessment. The work done for the
biomass and nutrient assessment also provided content for the training program and helped discover
sources for the development of the information packages.

Throughout this process, close communication was maintained between the regional partners and
BTG to ensure the accuracy and completeness of the information included in the report. BTG
provided guidance and feedback to the regions throughout the process.

After completing the biomass availability and nutrient recycling studies, the key findings were
summarized and presented on the SCALE-UP website. On the SCALE-UP website, there is a page
dedicated to each of the project regions. This page now includes the highlights of the T2.3 report.
This makes the information easily accessible to members of the regional platform, as well as a
broader audience.

For the implementation of the sustainability screening, the regional partners of SCALE-UP were
introduced by the Ecologic Institute to the approach that was developed and implemented in the BE-
Rural project and documented in Anzald(a et al., 20221, In paragraph 3.3 the step-by-step approach
is described.

1 Anzaldula, G., Araujo, A., Tarpey, JScholl, L., Noebel, R., Tryboi, O., Ma, C. (2022). Note on the development of a
sustainability screening for regional bioeconomy strategies. Deliverable of the H2020 BERural project. Available online
here: https://www.ecologic.eu/18791
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3 Biomass potential and ecological boundaries

3.1 Introduction

The SCALE-UP project aims to accelerate the development of regional bioeconomies in a
sustainable way. To achieve this goal, it is important to understand and utilize the available biomass
resources within the six SCALE-UP regions: Northern Sweden, Mazovia (Poland), French Atlantic
Arc, Upper Austria, Strumica (North Macedonia), and Andalusia.

Biomass serves as a versatile feedstock for various applications within the bioeconomy, including
bioenergy production, chemicals, wood products, cosmetics, and various other value-added
products.

32 Types of biomass potential

For the biomass potential, the following types are distinguished: theoretical, technical and economic
(see Figure). The theoretical potential is the maximum amount of biomass that can be considered
available, while the technical potential also considers the current technological possibilities, such as
harvesting technigues and logistics. In the methodology of Vis and Dees?, a sub-category of technical
potential is included that considers the sustainability criteria. This is referred to as the Base potential.

The economic (base) potential is the part of the technical (base) potential that is economically
profitable taking. This potential depends on the price that the biomass application can afford to pay
for the feedstock (assumed price level) and the competition with other products. The price that can
be paid for the biomass depends on production costs and the market value of the biobased product.
The more added value of a product, the more it is generally able to pay for the biomass, so the higher
the economic potential. The lower the added value, the less can be paid for the feedstock, and the
lower the economic potential of available biomass resources. Collection and transport costs are
becoming relatively more important.

2Vis, M., & Dees, M. (2011). Biomass resource assessment handbook. VDM Verlag.
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Sustainableeconomic potentials

Figurel, Biomass potentia(Vis& Dees 201F)

3.3 Appraisal of ecological boundaries

Sustainable supply is an important pre-condition for sound biobased production. In the SCALE-UP
methodology sustainability criteria are included in the technical (base) potential. In addition, a
dedicated ecological boundary check is included.

For the implementation of the sustainability screening, the regional partners of SCALE-UP were
introduced by the Ecologic Institute to the approach that was developed and implemented in the BE-
Rural project and documented in Anzaldia et al., 2022%. This approach entailed the setup of a
screening team to carry out a rough appraisal of the available capacity of regional ecosystems and
the expected (positive and negative) impacts of bioeconomic activities relevant to their region (linking
to the results of the November 2022 workshop).

The screening teams in SCALE-UP were integrated by each regional partner as the main
investigator/author, Ecologic Institute as the supporting partner, and regional stakeholders as
reviewers. Their work entailed the development of resource management profiles for the region.
These give an introductory overview of water and soil resources, biological diversity, and the
governance frameworks in place to manage them. This was followed by the rough appraisal referred
to above, which entailed a high-level approximation of the conditions of the regional environment
based on available and accessible data at the NUTS3 (or closest) level on the state of water bodies

3 Vis, M., & Dees, M. (2011). Biomass resource assessment handbook. VDM Verlag.

4 Anzaldua, G., Araujo, A.Tarpey, J.Scholl, L., Noebel, R., Tryboi, O., Ma, C. (2022ote on the development of a
sustainability screening for regional bioeconomy strategies. Deliverable of the H2020 BERural project. Available online
here: https://www.ecologic.eu/18791
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(e.g. reporting data from the Water Framework Directive implementation), soil erosion risk (e.qg.
modelling data from the RUSLE dataset), and biodiversity (e.g. IUCN red list). The light processing
and combination of these data served to establish a baseline from which each team could start to
uncover environmental dimensions already at risk from an ecological perspective. In a subsequent
step, scientific literature was reviewed to generate short syntheses of the documented effects of
specific economic activities (e.g. olive oil production, forestry and use of forestry residues, cultivation
of hemp, flax and miscanthus) on the three environmental dimensions explored in the screening.
Lastly, these syntheses of associated environmental effects were overlaid against the previously
generated baselines and used to generate summary tables and recommendations. The latter is the
main result of the screening and aim to engage regional stakeholders and decision-makers in a
discussion of the potential positive and negative effects of rolling out the examined bioeconomic
activities in their region.

At several points of the screening, regional stakeholders were consulted to collect feedback on the
preliminary results generated and to provide access to additional/more suitable data and information
for subsequent iterations.

3.4 Types of biomass residues

In the assessment of potentials, the following biomass types have been considered depending on the
economic sector and position in the production chain. The biomass types have been selected in
consultation with the regions and in line with the proposed biobased production ideas.

1. Forestry (Sweden)
1.1. Primary forestry residues: leftovers from harvesting activities
1.2. Secondary forestry residues: residues from sawmills and pulp and paper industry
2. Crops
2.1. fibre crops, such as miscanthus and hemp (France)
3. Agricultural residues
3.1. Primary agricultural residues, such as straw and prunings (North Macedonia, Spain,
Poland, France)
3.2. Secondary processing residues for food production (North Macedonia, Spain, Poland,
Austria)
4. Organic waste
4.1. Tertiary residues, released after final use of the product, such as bread (Austria)

An important difference between primary and secondary residues is the location where the residues
are available. For secondary residues, this is at a mill or factory, concentrated in one spot. For
primary residues, this is spread over the field or forest, making collection and transport necessary for
processing.

Regional biomass availabilities, nutrient balances and ecological boundaries 12



35 Results

In the following pages the results of the assessments are presented in the form of infographics. Each
region possesses unique biomass streams with varying qualities, quantities, and potential for
different uses. There are big differences. One region has focussed on the forestry sector, others on
the agriculture and food production sectors, but not one region on the same. Some have clear bio-
based production paths in mind, with well-selected feedstocks, while others are still searching. Some
are working in areas that are well documented, others are looking into fields that are hardly studied.
Therefore, the results show a wide variety in character and depth.

For each region a short introduction is given to the sector(s) involved and the biomass potential of the
streams that have been assessed. The theoretical or technical potential could often be well
estimated. This was often not possible for the economic potential as bio-production chains and
desired bio-products were often still to be determined. Only in a single case, the economic potential
could be assessed. Sometimes, for example for the potential of fibre crops, scenarios were
developed to get an educated guess of the economic potential.

Regional biomass availabilities, nutrient balances and ecological boundaries 13



3.5.1 Northern Sweden

In Northern Sweden, forestry residues, such as logging residues and sawmill by-products, represent
a significant biomass source. These residues can be utilized for bioenergy production, but also for

other value-added products such as chemicals.

B4

Biomass availability
The annual harvest of wood in Morth Sweden is 31 millien m3,
mainly used for sawn timber, energy, and increasingly in
biorefineries. Half of the roundwoed is fed into 28 sawmills
and 8 pulp mills of Morth Sweden, resulting in valuable by-
products such as sawdust, bark, chips and shavings.

Biomass Availability & Ecological Boundaries
North Sweden

SCALEY"

community-driven
bioeconomy developrment

Ecological boundaries
Foresty (and forest biomass extraction)
management practices potential impact on
environmental dimensions

Potential benefits

Potentially detrimental

& By-products from sawmills are currently used for drying

4 Combustion of fossil
fuels and deposition of
acidifying nitrogren

L Ash recycling and sulfur compounds
L Restoration of — soil and surface
value and high extraction costs. The logging residues that ~ surface water bodies water acidification
are extracted are mainly used for combustion but contain % o g%z%sh::’;rﬂfmm Biomass ni/extractio
n manageme! ra
valuable compounds that can be used for diverse 3 affected aquatic n practices —
praducts. ecosystemns increased runofi,
4 High water-efficiency leaching of nutrients,
processes of water acidification or
Ground production (e.g. for eutrophication

water biochemicals) Abstraction of large
bodies volumes of water ﬁ:§r

Sawdust 300 kt High valus Iarrg(;:sc::e production

Waad pulp products, [+]
Bark 230 ke (foeee 1 hiofuels
i B
Pulp chips 1 Mt w‘}::_l::]s:ed L3 Retaining forest
FETES, biemass on Overextraction of

Dry wood
chips

A0 ket energy
production.

sawn goods. Chips are used in tha pulp and papar
industry, and sawdust and bark for pellets, heat and
alactricity. Surface
4 |ogging residuss are underutilized due to low commercial el
AL . . : bodies

vulnerable grounds
4 Extract logging

forest biomass —
nutrient- and base

. Lﬂﬂ d residues from - -
Shavings 30 kt e suitable spruce cation stock depletion
Logging Mot High-value dominated strands
residues eI mracte_d, compounds

combustion
L Leaving high stumps,
- ‘\' E\ Enﬂ::;ger 6 snags and coarse
V4 T - @ ) @ \ 2 Species . Continu?:lb;izh )
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P S Gritically practical forestry '
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S :
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- PULPWOOD
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mobilize actors, to exchangs best Develop more efficent forest
practices and to address machinery and logistics.
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( 2
Identify challenges and solutions Sail strategic practices to retain
within the logging residue valus a part of forest biomass an
chain, as well as best practices. vulnerable grounds, and
tailored h i ethods to
Biodiversity: management strategies which include the g Water Any initiatives that p:rausnt ;r;\e:egn?adr:ﬁon a:'ud
creation of high stumps, retention of diverse biocmass promaote the restoration of the PR BECTE.
types and consideration of harvesting during dense affected rivers should be
early thinning phases. favoured. l\\ y

SCALEY”

COMMUn |ly-ﬂrwen
biceconamy developmant

Find the full reports in Annex 1: Regional biomass and nutrient availabilities in

& Annex 7: Sustainability Screening i Biofuel Region, SE
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3.5.2 Mazovia (Poland)

Mazovia (Poland) is a major apple producer, generating substantial apple side-streams, including
apple pomace, and apple tree prunings. These side-streams can be converted into wood products,
fertilizers, functional food ingredients, and other value-added products.

SCALEY"

community-driven
biseconarmy developrment

Biomass Potential & Ecological Boundaries
Mazovia, Poland

Ecological boundaries

Use apple by-products and
potential impact on
environmental dimensions

Resources
screened

Potential

Potentially

Biomass wm benefits detrimental
Mazovia is the largest q:lple production region in - Surface + Dripimigation, , o ;
Poland. More than 2 millian tonnes of apples are = water regulated . E"‘!selc’
produced annually, leaving substantial amounts of 5] bodies deficit icn:;';ca
residues such as apple prunings and pomace. g imigation pam-a'“a,y
. Ground * Effective nitrogen
# Apple trees are annually pruned, leaving a woody - fertilizer fertiliaers
biocmass which is currently collected and baled and bodies management
used for heating, but can also be used for wood
products or soil improvement. » Consistent use
0 e of cover crops
® Nore than half of the region's production is + Creating °
processed into products like apple juice. About a incentives # Overuse of
quarter of the weight of the apple is skin and flesh towards fertilizers
and remains after the apple juice obtention planting crops and
process. These solid residues are known as apple :: dhg;;i::’rfes _Chet';"cal
pomace. This pomace is primarily used as animal Land control . '[';.I’;;’USE in
feed bl_.lt can also be u;ed asa function_al resources practices heavy
ingredient in the food industry or for biogas. + Conservation machinery
tillage or * Removal of
- - mulching prunings
Biomass Technical o + Responsible
stream (in potential [dry anolication use of drip
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Apple tree 48 ktfy Heating Bioenergy, Enda d
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biogas o species
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4 Support collaboration 4 /- Soil: 3
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between stakeholders to 5 ; ] Measures : s .
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Share mmﬂ'ﬂ Develop bi \_ pollution. with nature.
platform on collection, P with
processing, storage and EEar supportg! Ground water bodies: The expansion of existing, or
feadstock quality Pinstruments development of new activities should be planned carefully and
\ assurance. JaN ' J |ocated smartly to avoid pressures.
commurtty. chmn WWW.SCALEUP-BIOECONOMY.EU
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Find the full reports in Annex 2: Regional biomass and nutrient availabilities in Mazovia

& Annex 8: Sustainability Screening i Mazovia, PL
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3.5.3 Strumica (North Macedonia)

Strumica is the largest agricultural producer in North Macedonia, generating abundant agricultural
residues, such as crop residues, manure, and food scraps. These residues can be utilized for
composting, producing valuable organic fertilizers that promote soil quality and improve agricultural

productivity in a sustainable manner.

o

Biomass Potential & Ecological Boundaries
Strumica, North Macedonia

SCALEF

community-driven
bioeconomy developrmeant

Biomass availability Ecological boundaries
The Strumica region is the country’s largest Agricultural and food production
producer and exporter of agricultural products. The Resources residues for compost production
region is a major producer of cereals and garden screened potential impact on environmental
crops, especially in tomatoes and peppers. dimensions
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. e i r . urface ift to preparation
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- regulations cn waste . ) Promote reduction of
resources and joint on potential nutrient ]
. ! management and water use in the value
cellection systems in the = product leakages and state of chai
regional platform. £OMpOSt productian. surface water in the region =in.
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Find the full reports in Annex 3: Regional biomass and nutrient availabilities in Strumica region &
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3.5.4 Upper Austria

Upper Austria has a diverse food processing industry, generating a wide range of food by-products,
such as fruit and vegetable residues, as well as bakery and brewery byproducts. These by-products
can be utilized for biogas production, chemicals, functional food ingredients and the development of
other innovative bioeconomy applications.

‘ﬁ Biomass Potential & Ecological Boundaries SCALEUD
-wr

. community-driven
Upper Austria biceconomy development

Ecological boundaries
Use of bakery by-products

and their impact on
environmental dimensions

= - — Potential Potentially
Upper Austria has a diverse food processing industry, SETEE dErTET ]
generating a wide range of food by-products, such as
fruit and vegetable residues, as well as bakery and Surface

brewery by-products. By-products in these sectors are water
currently used for animal feed, compost and biogas bodies
production, and for small other usages in the region, but
have the potential for chemicals, food ingredients and
other innovative biceconomy applications.
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Find the full reports in Annex 4: Regional biomass and nutrient availabilities in Upper Austria

& Annex 10: Sustainability Screening i Upper Austria, AT
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3.5.5 French Atlantic Arc

The French Atlantic Arc region is known for its production of straw and fibre crops, such as flax and
hemp. These crops can be used to produce paper, textiles and construction products. Due to
changes in French building regulations, the market for bio-based insulation products is growing at a
fast pace. This provides great opportunity for the use of fibre crops for the insulation of buildings.
Different scenarios regarding the growth of the bio-based insulation market have been taken into
account.

‘ % Biomass Potential & Ecological Boundaries SCALEUD

Atlantic Arc, France community-driven
bisaconomy developrmeant

Biomass availability

Due to new regulations (RE2020 & ELAN), the use of bio-

based building materials is increasing in France.

Especially fibre plants are interesting, as they can be used

for the insulation of buildings.
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textile fibre. Hemp preduction in France is growing and fedeiﬂzer and % Excessive
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Recommendations
™ -
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Find the full reports in Annex 5: Regional biomass and nutrient availabilities in the French Atlantic 18
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3.5.6 Andalusia (Spain)

Andal usia is the ibprddutifgs regiore and gemegateso dubbstargial residues,
including olive pomace and olive tree prunings. These side-streams can be converted into high-value
chemicals, fertilizers, and other value-added products.

- Biomass Potential & Ecological Boundaries SCALEUP

Andalusia, Spain community-driven

bioeconomy developrhent
Biomass availability “‘ Sl
k,

Andalusia, loczated in the scuth of Spain, is the world's
leading clive cil-producing region, accounting for 80% of
Spanish and 37% of global olive oil production. Andalusia
has 1.6 million hectares dedicated to olive production. Three
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4 Nutrient recycling

41 Introduction

Nutrients such as nitrogen, phosphorus, and potassium play an essential role in the bioeconomy. A
growing population and agricultural production have led to an increasing use of mineral fertilizers.
While these mineral fertilizers have their benefits, such as the ability to be tailored to meet the
specific crop needs, and easy transport and use, they are produced from non-renewable resources
that can be depleted and require large amounts of energy to produce. The consumption of mineral
fertilizers is estimated to be about 2.4 times higher in 2050 compared to the year 2000. This has led
to major concerns about the security and sustainability of food production and the bioeconomy?®.

Transitioning from this existing linear nutrient system to a circular system using organic nutrient
sources could provide a more sustainable alternative. Nutrient recycling refers to the process of
recovering and reusing essential nutrients, such as nitrogen, phosphorus, and potassium, from
various organic materials or waste streams, with the aim of returning them to the soil. This practice is
crucial for a sustainable bioeconomy, reducing the dependency on synthetic fertilizers, minimizing
environmental impacts, and reducing production costs. This is well in line with the Farm to Fork
policy. Important aims in this policy are:

1. Reduce nutrient losses by at least 50% without deterioration in soil fertility.
2. Reduction of fertilizer use by at least 20%

In the bioeconomy, nutrient recycling involves collecting organic residues from agriculture, forestry,
and other sources. These materials can undergo processes such as composting or anaerobic
digestion to produce nutrient-rich products. The residues, compost, or digestate can then be applied
directly to fields, completing a closed-loop system. This sustainable approach minimizes waste,
enhances resource efficiency, and reduces reliance on mineral fertilizers, contributing to soil health in
an environmentally sustainable way®. The potential for nutrient recycling depends on the qualities
and quantities of biomass streams available in specific regions. As such, understanding and
optimizing nutrient recycling strategies is crucial for the deployment of the bioeconomy in the SCALE-
UP project regions.

5 Brandao, M., Lazarevic, D., & Finnveden, G. (2020, DecemberH#&)dbook of the Circular Economizdward
Elgar Publishing eBooksttps://doi.org/10.4337/9781788972727

(file://IC:/Users/maris/Downloads/Handbook%200f%20the%20Circular%20Economy%20
%20Miguel%20Brand%C3%A30%20(editor),%20David%20Lazarevic%20(editor),%20G%C3%B6ran%20
%202020%268-%20Edward%20EIgar%286209781788972710%20
%204d79822b63c95a9db4fc3db2f78e882d%220ANNa%E2%80%99s%20Archive.pdf

6 Hidalgo, M. D., Corona, F., & MartiMarroquin, J. M. (2020, January Nutrient recycling: from waste to crop
Biomass Conversion and Biorefinehytps://doi.org/10.1007/s1339%19-005903)

https://link.springer.com/article/10.1007/s133%B3-005903
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https://doi.org/10.1007/s13399-019-00590-3

Find the full report in Annex 1:

Regional biomass and nutrient
availabilities in North Sweden

42 Results

4.2.1 Northern Sweden

In Northern Sweden, forestry residues, such as logging residues and sawmill by-products, represent
a significant biomass source.

‘ community-driven
North Sweden bioeconomy development

4 -‘ Nutrient Recycling SCALE UP

Most of the nutrients in boreal forests are found in the forest soil. On poor soils, the harvesting of
trees could lead to a nutrient deficiency. Forests in the northern Sweden region have mostly till soils,
poor in plant-available nutrients thus the trees grow very slowly. Adding nitrogen fertilizers can
increase tree growth. Forest management practices are regulated in the Swedish Forestry Act to
prevent long-term impaired growth potential and nutrient leakage. The removal of logging residues
on forestland comes with guidance and recommendations from the Forest Agency regarding
compensation with ash. Forest owners need to report and apply to return ash to the site.

Nutrient recycling occurs through needles and twigs, and forest soils are scarified to make more
nutrients available for seedlings. The removal of logging residues could have a negative impact on
the soil quality and would have to be compensated, with, for example, ashes from combustion.

Develop pilots for the use of Collaboration within regional
. legging residues and monitor platform with forestry and
Recommendations the nutrient situation of environmental experts to set up
forests. nutrient monitoring system.

SCALEYP
f)?or:(";:;;:ry(:xil pment WWWSCM.&IP—B!OWY.&J
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Find the full report in Annex 2:

Regional biomass and nutrient
availabilities in Mazovia region (Poland)

4.2.2 Mazovia (Poland)

In Mazovia (Poland), organic waste streams, such as apple pomace and prunings, can be utilized for
composting, producing valuable organic fertilizers that promote soil health and reduce the reliance on
mineral fertilizers.

Nutrient Recycling SCALEUD

ﬂ Mazovia, Poland community-driven
bioeconomy development

Apple orchard

Leave material
* Apple tree prunings ‘""'""‘—'-' Direct
+ Feniliser costs
- T Organic matter
Apple producnun Wmﬂanrtm —
Indirect
+ Mleaching
F'eld application b N,O emissions
\ L CO, emissions
5 Apple Conpost__

nutrient
cycle

Apple juice
factory

|
#

Apple juice

Nutrients

For sustainable apple production, good seil and proper nutrition is essential. Young trees require some
S0-gram nitrogen per year of age. Phosphorus (P) and Potassium (K) are usuzlly applied based on soil
test results. Fertilisers are typically applied in early spring and again in early summer.

MNutrients can also be recycled within the apple industry. 45 shown in the image above, apple tree
prunings and apple pomace can be composted, providing valuable nutrients and improving seil guality.

There should be potential for using biomass residues for nutrient recycling and soil improvement, but it is
unclear how much of this potential is already usaed in the region.

Develop and share know-how of Find ways of closing the nutrient cyde

= compeost from leaves and prunings in a sustainable way, =.g. ways to deal

Recommendations and assess potential of nutrient with pesticides in crganic material for
recycling systemns. bicfertilizers and scil improvers.

scALEY”

cOmMMUnity-driven
bissconamy developmant
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Find the full report in Annex 3:
Regional biomass and nutrient

availabilities in Strumica region

4.2.3 Strumica (North Macedonia)

By recycling nutrients from agricultural residues, such as crop residues, into compost, the region can
enhance its soil quality. This contributes to improved agricultural productivity and sustainable farming
practices.

m Nutrient Recycling SCALE UP

Strumica, North Macedonia community-criven

biceconomy development

Fields

Agricultural
residue nutrient
cycle

Strumica is pregressing towards eco-friendly farming. Composting initiatives are welcomed,
turning organic waste intc 2 valuable resource and reducing the need for chemical fertilizers.
Compost can be made with agricultural residues or residues from the food processing industry in
the region. The aim is to improve soil quality and provide nutrients for crops: nitrogen,
phosphorus and potassium, with especially phosphorus being crucial for crop growth.

These agricultural residues could also be used in a bicgas plant, resulting in digestate which can
be applied in the fields.

Promotion of composting Invest in research and policies focused on
= practices (2t both the househeld nutrient recycling, e.g. composting and
Recommendations and industrial levels) and pilots, in digestion and promoting the use of
order to help farmers gain biofertilizers in order to reduce the use of
experience. mineral fertilizers.

SCALE "
Blosconomy dewiopment  WHWSCALELP-BIORCONCHEED
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Find the full report in Annex 4:

Regional biomass and nutrient
availabilities in Upper Austria

4.2.4 Upper Austria

Food residue streams in Upper Austria can be repurposed for nutrient recycling.

‘}g Nutrient Recycling SCALE UP
-

Upper Austria community-driven

biceconomy development
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Field application
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*  Pharmaceutical industry (coating of
e.g. tablets)

*  Additive in seasonings, e.g., soup
seasoning

' for
beds

Dimatomaceous earth

* Fifter oid

Other indusiies

The following routes exist for nutrient recycling in the bread and beer industries, and are applied
depending on product quality and availability of conversion systems in the area.

1. The residues are composted, and nutrients are returned to the field.

2. The residues are used as co-digestion material producing biogas and bio-fertiliser; and the
nutrients are returned to the field.

3. The residues are used for animal feed; animals produce meat and dairy products; manure is
digested producing biogas and the digestate is upgraded to bio-fertiliser and nutrients are
returned to the field.

Alternatively, side streams from bread and beer production can alsc be re-used internally as a
feedstock. For example, leftover bread can be used to produce croutons.

SRpHONS Choporton Research into Promote or initiate
betWeer s arcit arid environmental benefits projects tc create
Recommendations aztstrjs (;2:2; prr:::]tt)g?n and cascading principles innovative products that
P of the different nutrient upcycle these by-

nutrient recycling

possibilities. recycling options. products.
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Find the full report in Annex 5:

Regional biomass and  nutrient
availabilities in the Fr Atlantic Arc

4.2.5 French Atlantic Arc

Nutrient recycling with straw and fibre crops like hemp, flax, and miscanthus in the French Atlantic

arc has potential. The production of these crops enhances soil health, retains valuable nutrients, and
reduces the dependence on synthetic fertilizers.

‘ % Nutrient Recycling SCALEUD

Atlantic Arc, France community-driven

bioeconomy development

gﬁ on the field ‘

# Straw is sometimes used as 2 soil improver. Straw essentially contains potassium, followed by phosphorus,
magnesium and calcium in lesser proportions. Straw is recognized as a "carbon sink” material: when straw
is returned to the soil, 85% of the carben is released into the atmosphere in the form of CO2. When used
for construction, the carbon dioxide captured during the farming process is stored in the building for its
entire lifespan.

# Hemp requires no fertilizers or plant protection products, its deep root system improves soil structure,
leading to higher yields for the following crop, and is part of the plot rotation system.

# Flax is a fast growing crop that can be grown in poor soils. It requires little fertilizers and can be used as a
carbon sink material.

# Miscanthus can be used as an ecosystem service. The crop requires no fertilizer and is particularly well-
suited to planting in water catchment areas. Secondly, its root system improves soil structure, promotes.
infiltration and helps prevent run-off.

. Stucy ecological boundaries and proper nutrient balances for
Recommendation fibre crop production and scil condition

SCALEYP

community-driven
biceconomy development
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Find the full report in Annex

6: Regional biomass and
nutrient availabilities in

4.2.6 Andalusia

Olive mill pomace, prunings and leaves can be recycled through composting, which can then be
applied in the olive groves.

?a’ Nutrient Recycling SCALE uP

Andalusia, spain community-driven

bioeconomy development

*

Olive tree prunings

Olive leave
material

Fertilizer is used in olive groves to supplement essential nutrients such as nitrogen, phosphorus and
potassium. The guantities needed differ between olive groves, as it depends cn many factors (soil, age,
etc.). Various by-products from the olive industry can be used as a bio-based fertilizer. Olive tree
prunings can be shredded and applied directly or used in a compost. Other by-products, such as olive
pomace, can be composed and applied. It is estimated that between one and two-thirds of the olive
groves can be fertilized with the olive mill pomace produced in Andalusia after composting, leading to a
reduction of between 25-60% in chemical fertilizers and to both economic and environmental benefits.

Educate stakeholders on nutrient
recycling possibilities. In the SCALE-UP
project, a capacity building program is

organized, with one of the main

topics being nutrient recycling.

jon betwean
research and actors in the promotion
and development of nutrient recycling
possibilities.

Recommendations

SCALEYP

community-driven WWW.SCALEUP-BIOECONOMY.EU

biceconomy development
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5 Observations

Large quantities of biomass resources are available in the six regions that participate in the EU
SCALE-UP project. The large quantities have formed a fertile soil for the development of a range of
ideas for using the resources for biobased products. In this document, detailed biomass potential
assessments have been made, with an analysis of the ecological boundaries and possibilities for
nutrient recycling. In this chapter, we summarise the main observations that we have made when
reviewing the situation in the regions:

1. Large differences in assessments. The biomass assessments across the six regions
revealed large differences in depth and approach. This is due to the nature of the biomass
streams selected and the bio-based products proposed. It is also due to the varying levels of
available statistics. Some of the regions have large amounts of statistics available and provide
detailed potentials, while in other regions only general information and few reports could be
found. For the sustainability screening, the built-in flexibility of the approach accounts for these
type of differences across regions as regards data availability and accessibility. The approach
prioritises having complete Ashallow diveso for
them. In the specific context of SCALE-UP, where each region explores a distinct value chain,
comparability is in any case limited from the get-go. Yet, working with the available datasets (to
set base lines) and scientific literature (to ascertain potential impacts) meant each regional
case could arrange these elements differently within the proposed framework to achieve a
rough, yet full overview of the three environmental dimensions explored. As an example, this
meant that the screening for Andalusia could benefit from more up-to-date and higher
resolution data on regional water resources than other cases which employed earlier data from
the WFD reporting.

2. Co-production systems. Biomass production and processing is often a co-production system:
several products are produced simultaneously: main products as well as side products and un-
utilized residual streams. Therefore, the potential biomass amounts are not independent. When
forestry activities increase, more biomass resources become available. When mills double their
production, sawdust quantities double as well. This applies also to agricultural sectors as well,
including apple and olive production. While it is not a fully-fledged sustainability assessment
and its scope is regional by design, the sustainability screening can give broad indications of
the effects that such increased intensity of activities and additional volumes of biomass may
have on the known state of water and soil resources and on biodiversity. With these initial in-
sights, discussions on how to coordinate across production systems in more sustainable terms
can be initiated more efficiently.

3. Mobilizing biomass resources. Biomass resources come available at both primary and sec-
ondary processes. This has a large impact on its availability. Streams coming available at the
food factories or sawmills are relatively easy to collect and store. Biomass coming available in
the forest and field require good collection and logistics systems. The availability depends on
the way the sector is organised. The scale and design of biomass collection, storage and dis-
tribution systems also has implications on environmental aspects.

4. Dynamics in the feedstock and product market. Market changes are important. They are
dependent on natural resource availability and accessibility and influenced by policy, econom-
ic, social, and technical developments, as well as ecological boundaries. Market dynamics can
shift due to new data, insights and, later, stricter legislation. It is important to understand these
market developments and the projections of resource availability, especially when considering
large investments.

5. Economic potential and burden on ecological systems. While the theoretical and technical
potentials are relatively easy to compute, the determination of the economic potential is more
difficult. This is due to a lack of data on market prices and production costs. The economic po-
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tential can only be determined after a bio-based solution is chosen and when it is clear what
feedstock price the product can afford. In most project regions, the biobased solution was still
under consideration. Let alone the biomass price it could afford. Similarly, the potential burden
that the value chain of the specific bio-based product chosen could have on the water re-
sources, soil conditions and biodiversity in the region can only be assessed through dedicated,
more in-depth studies, like LCAs.

6. Is there sufficient biomass? This is difficult to assess. This depends strongly on the biomass
situation in the sector, the biomass solution selected and the competition with other uses.
Technically there can be more than enough, but economically, potential can be limited. On the
other hand, some solutions do not need large quantities, such as cosmetics, as compared to
bio-based solutions in the building industry. In the building industries, large quantities are re-
quired to keep production costs low. It is important not to overlook the needs of the environ-
ment for the same resources, and to do so considering future changes in climatic, economic,
and market conditions, to ensure appropriate ecosystem health and functioning.

7. Building blocks for further development. The information from this report should provide a
good base for assessing the economic and environmental potential in the future. Many building
blocks have been assembled in the regional reports. Some are overflooding with data. Proper
dedicated assessments can be made when biomass solutions become clear, along with pro-
duction costs, market potential, the price it can afford for the feedstock and the competition
with other products.

8. Ecological boundaries. Understanding and then respecting ecological boundaries is essential
for securing biomass resources in the long term. The state of water resources, especially sur-
face water bodies, and the integrity of soil resources, remain important concerns, with water
pollution, changes in hydromorphology and soil erosion often being recurrent issues in our re-
gions. Concerns have also surfaced with respect to the effect of unsustainable use of water re-
sources and agrochemicals on water and soil quality, and the subsequent impacts of this on
biodiversity. This may influence the possibilities for efficient use of production inputs and nutri-
ent recycling, not constraining responses to technical solutions but incorporating governance
approaches that are fit-for-purpose and enforceable in each context. All regions have included
recommendations to pay more attention to the ecological boundaries.

9. Nutrient recycling. Nutrient recycling can be done in many ways in the regions. Parts of the
crop are left behind in the field or part of prunings in the orchards. In most regions, agro-
industrial residues are reused, composted or used in biogas plants producing biogas and bio-
fertilizer. Yet, all acknowledge the potential for improvement and have recommended policy
support and promotion of good practices by their platforms.

10.Platform development. A proper mobilization and use of biomass resources require a good
understanding of the production chain, conversion processes and a broad knowledge of the
sector and its dynamics. Therefore, regional platforms will have to develop their capacities and
dive into the material to better understand the position of their stakeholders and their needs.
The capacity-building activities organized in the SCALE-UP project, including the training pro-
gram and study tours, are important for the development of the regional platforms. Also, good
collaboration with local policymakers is essential. Cross-regional collaboration on horizontal
topics like environmental sustainability can be further pursued to promote and leverage ex-
change between the six regional platforms.
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6 Recommendations

The reports contain a wide range of recommendations regarding biomass potentials, ecological
boundaries and nutrient recycling options. Upon reviewing the reports, we have compiled the
following list of recommendations:

1.

Platform capacity building: Support the devel opment of t
through training programs, study tours, workshops, and focused, meaningful cross-regional ex-
change. Only with a good understanding of the sector and the environment it is embedded in,
proper assessments can be made of the technical, economic, and environmental potentials.

Full chain development. Biomass resources can be made better available in terms of quantity
and quality, when the entire chain from collection, transport, feedstock storage, biomass pro-
cessing and the application of bio-based products is well developed and gives serious consid-
eration to environmental sustainability. Information exchange between stakeholders with a wide
range of interests and specialized knowledge should be promoted. Platforms can play an im-
portant role in this respect.

Monitor price and market trends: Regional platforms should monitor developments in bio-
mass prices and identify price and market data. Stakeholders should be encouraged to ex-
change information on technical, economic, policy and ecological developments. The implica-
tions of increased demand for goods and services on resource availability and environmental
sustainability should be seen from a regulatory lens and in a timely manner. Local and regional
authorities can and should play an important planning and administration role in this respect.

Economic potential: Economic biomass assessments can be made when biomass solutions
are selected. With the production costs and market potential known, the price can be calculat-
ed, in order to understand if the feedstock can be afforded and to understand the competition
situation with other products. Economy of scale is important to lower cost prices. For times
when economic potential drives substantial price and market developments, economic policy
instruments should be at hand and swiftly implemented to avoid disproportionate burden on
ecological systems.

Knowledge exchange across regions. Some EU regions have well-developed bio-based
sectors and well-organised platforms. Other regions are still at the beginning of this process.
Regions can take up ideas from each other on data collection, biomass assessments and
chain developments. Neither mature, nor earlier stage sectors should act in isolation. The shifts
in macroenvironmental conditions driven by Climate Change and other societal challenges are
posed to put new issues on the regional agenda, some of which will be unfamiliar, thus making
concrete examples on how other regions have handled them, valuable. That said, exchange
should be well-focused (e.g. along carefully-defined themes) and meaningful to avoid fatigue
and inefficiency.

Cross-sectoral use of biomass resources. Biomass resources that come available in one
sector can be used in another sector in the region. Platforms should promote information ex-
change with other platforms.

Ecological boundaries. The six regional screening reports produced in SCALE-UP represent
a new instance for discussion. They are neither perfect, nor exhaustive (e.g. they do not touch
upon the possible effects of certain management practices on notions like carbon budget or
any accounting of other greenhouse gases). Yet, they reflect the current data capacity for envi-
ronmental monitoring and assessment in each region to an extent (i.e. considering the condi-
tions of water, soil and biodiversity in each region), and give a rough indication of where eco-
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logical boundaries could lie. Factoring in the possible impacts of Climate Change and of the
contamination of other natural media (e.g. air) would probably yield screening results showing
shorter distances to ecological boundaries. Alternatively, an adequate incorporation of Circular
Economy principles in the planning of economic activities and management practices has the
potential to generate solutions, possibly even to those more challenging scenarios. The results
of the screenings should thus be put to discussion within the regional platforms, and preferably
in dedicated task forces including environmental experts, with the aim of contributing to ongo-
ing initiatives on environmental sustainability, revitalising previous initiatives, or kicking off new
ones where they did not exist. It is important that the considerations mentioned above (on
emissions of GHGs and other contaminants, on the impacts of Climate Change, and on using
Circular Economy as a tool to deal with wicked problems) frame these discussions. Where
convergence (e.g. as regards challenges, value chains, practices) is identified, knowledge
should be exchanged across regions on ecological boundary issues. Ongoing efforts at EU
level to support and improve the monitoring of environmental parameters in the context of the
bioeconomy nature, soil and water quality is essential and should be encouraged.

8. Nutrient recycling. Platforms should stimulate nutrient recycling by organising knowledge
transfer activities for stakeholders and the agricultural sector. Nutrient recycling should take
place with due consideration to cascading principles: best is to use nutrients for valuable bio-
based products. When no longer possible: the nutrients should be used for composting or bio-
gas production and use of digestate for biofertilizer. Platforms could help organise joint collec-
tion, processing and quality control. A better understanding and knowledge base on the poten-
tial of nutrient recycling as an instrument to avoid the breach of ecological boundaries at re-
gional level is necessary. By integrating nutrient recycling within a circular economy framework,
we can promote more sustainable and resource-efficient agricultural systems, enhance re-
source efficiency and reduce waste by reusing residue streams and their nutrients within the
value chain and in other industries.

9. Policy development on the use of regional biomass resources. Regional governments
should stimulate the development of the bioeconomy within giving careful consideration to the
notion of ecological boundaries. This should be done preferably in cooperation with the region-
al platforms, and the proposed sustainability task forces. Common and coordinated targets
should be formulated and common plans should be developed. Policy measures should be de-
veloped within the frame of the EU Bioeconomy Strategy and in line with the EU Farm to Fork
Strategy, the EU Biodiversity 2030 Strategy and the Nature Restoration Law, the EU Strategy
for Adaptation to Climate Change, the Zero Pollution Action Plan, the EU Circular Economy
Strategy, among others. Pilot projects on improving the value chains of bio-based products
should be developed, carefully documented and lessons on both good and bad practices
should be showcased.

10.Policy development nutrient recycling. National and regional governments should stimulate
nutrient recycling. Common targets should be formulated, and work plans should be devel-
oped. Policy measures should be developed in line with the EU Farm to Fork strategy. Pilot
projects on improving nutrient recycling should be developed.
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1 Regional biomass and nutrient availabilities Morth Sweden

1.1 Introduction

1.1.1 Background

A short introduction of the region and possilti®-based solutions.

The total land area for BioFuel Region is 221 8080 dfmvhich 67 % is forest land (148 920%nThe total
growing forest stock is 314 million ni and the annual growth is 45 million®mThe protected forest area
amounts to 42 99&n¥ or 34pprox. 20 % of the productive forest land. Additional to this there are voluntarily
set aside areas made by private forest owners.

The quantity of woody biomass supplied to the market depends on decisions of individual forest owners
whether to perform harvesting operations or not. The main market driver for the forest owners when to
deliver to market is the timber prices. Price for wood energy has no or little influence. The annual harvest in
the region is on average 31 million®mn addition to domestic wood, imported round wood can also
contribute to the regional market.

Sawn timber products and pulp and paper products have dominated the use over a long time but the use of
forest biomass for energy purposes has grown rapidly over the past decades. In the near future, the use of
forest biomass in biorefineries is expected to increase rapidly. Forestry ipm@doction system, i.e. several
products are produced simultaneously, such as saw logs, pulpwood and logging residues (branches and tops
left in the forest after harvest operations). Therefore, the potential amounts of the different assortments are
not independent. As a result of forest industry activities large amounts qirbgucts (in this case we focus

on sawdust and bark) are available. Thesgkpducts are today used mainly for the generation of power and

heat in CHPs (Combined Heat and Power plants). As a result of harvesting operations, large volumes of logging
residues (LR) are available in the region. Most of this potential is not used today because of the higher costs of
harvesting, transport and storing compared to the marked price for sawdust and bark. What is used, is mainly
used for combustion. The illustration below shows the present flows of woody biomass from the forest and
between different industry segments.
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Figure 1. The value chain of the forest biomass showing the flows of woody biomass from the forest and between
different industry segment®wn image)

1.1.2 Scope

To describe a value chain from forest industrypogducts and forestry byroducts to a biobased end
product is not straight forward. Many biorefining technologies will depend on input of several different
woody biomass assortments and have an output of several end products. Assortments or by products not
suitable for biorefining, or side streams after a biorefinery process, will be available for the energy market.
The quality of biomass assortments can be improved with different methods otrgmement e.g.,
comminution, drying, fractioning, sorting and compaction etc.

Forest industry by products

In this report, five different forest industry by product assortments are included; sawdust, bark, cellulose

chips (echips), dry chips, and shavings (see Figure 2). Dry chips and shavings represent rather small volumes
and cchips are exclusively used by pulp and paper industries and are not considered as an available biomass
assortment. As data has been collected from many different sources presented with different units, it has
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been important to determine the conversion rates between ton, m3sub, MWh for the different assortments
(Table 1).

Figure 2. Picture of assortments, A = Bark, BChi@s, C = Sawdust and D = Sha\jiRgssson, [)

Table 1: Conversion rates between torfsub (solid volume under bark), MWh for the assortments sawdust, bark,
c-chips, dry chips, and shavings with the assumed moisture content in precent. Nd stands for(fRedssan, L.

Assortment Raw ton m3sub MWh Moisture content (%)
Sawdust 1 1.2 2.3 50%

Bark 1 1.3 2.0 55%

GChips 1 1.1 2.2 50%

Dry Chips 1 2.0 4.3 17%
Shavings 1 Nd 4.2 Nd

Compared to many other forest industry4pyoducts, sawdust has unique qualities that makes it desirable for
energy production, fibre board production as well as for emerging biorefining technologies. Sawdust has a
well-defined and homogeneous quality, low ash content and few elements that can have a negative impact on
biorefining process parameters. Particle size distribution is small with many small particles of similar size.
Sawdust already exists in large quantities at the sawmills and the infrastructure for procurement is already
available.

7 Persson, L. Mapping the market of unrefined forest industrptmgucts in northern SwedeRapport
fran Institutionen for skogens biomaterial och teknologi, 2021:10 Umed, 2021
(https://stud.epsilon.slu.se/17846/3/persson-I-20220623.pdf)
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Bark

Before processing of round wood in sawmills and pulp mills, logs are debarked resulting in huge amounts of
bark available near the big industries. Of the round wood input approx. 10% will end up as bark. The
heterogeneous nature of bark with high ash content and big particle size distribution makes it problematic for
many biorefining technologies but pteeatment and mixing with other assortments can make some barthe k
acceptable. Bark is today used together with other wood fuels for generation of heat and green electricity in
CHPs near big cities.

Logqing residues (LR)

LR have a bulkyheterogenesand troublesome nature with a mix of stem wood, bark and foliage. After
crushing/chipping, particle size distribution is normally high with high proportions of fine particles, and not
seldom, a varying proportion of nesrganic materials originating from collection. Altogether this makes LR
the most challenging biomass resource to mobilize, handle and to réfneg¢reatment and mixing with other
assortments can make some LR acceptable.

1.2 Biomass Availability

1.2.1 Biomass availability feedstock 1

As byproducts come from a main process such as sawing wood at a sawmills erguhaper mills, the
potential volume available of these {product assortments is connected to the volumes processed.

About half of the annual harvested roundwood (37 sub timber) in Sweden 2017 is fed into 104 bigger
sawmills all over Sweden. 28 of those sawmills are together with 8 pulp mills located in Northern Swe-
den. Pulpwood is debarked before processing. About 10% of the processed logs will result in bark. About
half of the timber being fed into a sawmill ends up as sawn gdemsn roundwood volume, around 50%
becomes sawn wood products, 20% sawdust, 10% bark, 20% chips and shavings. These are average fig-
ures and quite a large variation can be observed between individual sawmills. However, these variations
are not considered in this reporfome of the byproducts can be used internally by the sawmills, mainly

for drying of the sawn goods. Woodchips are today used by the pulp and paper industry while sawdust
and bark are mainly used by pellet industries or for combustion in CHPs.

Table 2. Amounts of bgroducts in the sawmills and pulpnd paper industries in the region

(Persson, 9).
Production 1000 m:Sawdust Bark (dry Pulp chips Wood chips Shavings Total volume
sawn wood/year  (dry ton) ton) (dryton) (dryton)  (rawton) by-products
(dry ton)
Sawmills (28) 4792 396902 175747 1031369 42 348 27 463 1673 82¢
Pulp/paper mills (8) 2551 55073 57 624
Total 4792 399453 230820 1031369 42 348 27 463 1731 45:

8 Persson, L. Mapping the market of unrefined forest industrptmgucts in northern SwedeRapport
fran Institutionen for skogens biomaterial och teknologi, 2021:10 Umea, 2021
(https://stud.epsilon.slu.se/17846/3/persson-I-20220623.pdf)
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1.2.2 Biomass availability feedstock 2

Logqing residues

As a result of harvesting operations, large volumes of logging residues (LR) are available in the region. These
[ wQa FNB KINRfe dziiAft Al SR walue dué tb ther logatds far[away Kom@nSst |
existing end consumers and the costs of harvesting, transport and storing is too high compared to the price of
F2NB&0 AYRdAzZAOGNE o0& LINRBRdOGaADP LT 6S R2y Qi SEGNI O
within 5-10 years in the forest releasing CO2 to atmosphere anyway. Environmental impact of LR extraction is
small and welknown and regulated by the national forestry act. What is used, is mainly used for combustion.

In previous projects (forest refine), several studies on the procurement of LR have been carried out. In these
studies, we have found that LR is a potential feedstock to produce high value compdiRdmd especially
needles, contain high amounts of valuable compounds that can be used to produce a range of added value
products, for example, pharmaceuticals or cosmetic ingredients, platform and specialty chemicals, dietary
supplements, biopolymers, bioplastics, foams/emulsions, and coatings. These -datived ingredients

open possibilities for substituting fossiised products. LR has complex and varied nature and the needles are
rich in chemicals that many biorefining processes cannot handle. Needles and bark can be problematic for
many biorefining processes and separation of the needles and/or bark for the extraction eVahigh
chemicals can improve the quality of the remaining fraction that can be used by other biorefining processes
(bio coal, biofuels, etc.)
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1.3 Nutrient Availability

Nutrient availability

Agricultural land is harvested once or several times annually, continuously removing organic matter and
nutrients from the soils. To compensate for these losses and nutrient leakage, mosthb&sssll fertilizers

must be used. In tropical forests most of the nutrients are found in the living biomass while in boreal forests
most of the nutrients are found in the forest soils. Harvesting of tropical forests and removing the trees makes
it almost impossible to restablish the forest eco system due to nutrient deficiency. This is why further
deforestation in the tropics must be halted. Tropical forests have millions of years of continuity and are rich in
biodiversity with many endemic species while boreal forests are young (a few thousand years) poor in
biodiversity with few endemic spices. Species in boreal forests have adopted to disturbance e.g., forest fires
and can adopt to changes and spread into new niches.

Forest soils in the northern Sweden region are mostly till soils, poor in plant available nutrients thus the trees
grow very slowly. Nitrogen is the most limiting nutrient for growth of the trees. If we add nitrogen fertilizers,
trees will respond with increased growth. Forest management practices are regulated by the Swedish forestry
act to prevent longerm impaired growth potentials and nutrient leakage from forest soils to water
recipients. During a rotation period, thinning operations are carried out once or twice and final felling is
OF NNASR 2dzi FFGSNI FLIINBEAYIFGSt& mnn &@SIENAZS NBY2JA)
time, nutrients are recycled when needles and twigs continuously litter from the trees. Litter is decomposed
and nutrient is reused by the trees. After harvest, forest soils are scarified to make more nutrients available
for the planted seedlings. For every tree that is removed, at least two new trees are planted. This practice has
resulted in that we today have twice as much forest, in cubic meters, as we had 100 years ago. Increased
forest growth together with increasing temperatures increases the rate of weathering and makes more
nutrients available for the trees.

Removal of stem wood does not pose a threat to kegn productivity of forests but removal of LR can be
problematic on poor soil as most of the nitrogen is found in the needles. LR is removed only from relatively
fertile sprucedominated forests and is not recommended in pith@minated forests on poor forest land. To
prevent the negative impact of LR removal, it is recommended to leave LR in the forest for one season to dry
and to drop as much as possible of the needles. It is also recommended to return the ashes after combustion,
to forest soils where LR has been removed. However, nitrogen will be lost in the flue gases during
combustion, so this recommendation seldom affects the growth of the new stand. However, if we add
biomass ashes to peat soils, it has been shown to have a positive effect on tree growth as peat soils are poor
in potassium that still is available in the ashes. However, due to concerns about the negative impact on peat
ecosystems, this is not recommended. Trials have been made in the region to fertilize forest soils with
municipal sewage sludge. Neither this is recommended, as sewage sludge can contaminate forest soils with
heavy metals.
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1.4 Discussion of the Results

The costs of harvesting, transporting, storing, and handling of the biomass are prime determinants of overall
biorefining costs. Thus, it is vitally important to develop local forest biomass supply systems that can
efficiently supply biorefineries with sufficient raw material that meets their specific quality and seasonal
demands. Biomass resources not fulfilling economical or quality requirements from end users cannot be
mobilized.

Low hanging fruits are forest industry by products as they are available in large amounts in one place. To
maximize possible synergies, refineries can preferably be integrated just next to existing forest industries.
However, most of the forest industry fproducts are already used, either internally, or by pellet producers or
CHP plants. In the near future, new processes are likely to be developed to upgrpdElbgts, like sawdust,

both into highvalue products and to different types of biofuels. It is likely that competition for the forest
industry byproducts, especially those with a weléfined quality, like sawdust will soon increase.

The tree stem, excluding bark, is a relatively homogeneous material and its chemical and physical properties
are well knownwhile bark and crown components have a much more heterogeneous chemical composition.
Thus, for many biorefining processes stem woadg.(sawdust and shavings) is arguably the most
straightforward production material. Specific quality demands of each biorefining process will determine
what biomass assortments are possible to use.

CHPs can compensate for the future shortage of sawdust by burning LR (Logging residues) that today are not
fully utilized or other more complex fuels not suitable for upgrading. CHP technology is robust and designed
to handle more complex fuels.

Wood fuels often have a wet and bulky nature making road transport over long distances not feasible. Wood
fuels are typically sourced within a 100 km radius from the end consumer. Another thing to consider is the
OA2YlF &4 &dzZLLJ) ASNEQ ¢gAffAy3dySaa (2 aSttod Ly y2NIKS
market position. Business relations and trust has developed between sellers and buyers of wood fuels for
several decades. Therefore, it is not realistic to assume that a new facility demanding biomass will be able to
source all available biomass. To conclude, biomass availability is highlgpeadfec and should answer the
following question: What biomass assortments of a good enough quality can for several decades be sourced
at an affordable price within a 100 km radius from the biorefinery? A potential limiting factor for biomass
availability can also be EU policies aiming to regulate forest management practices and determining what
assortments can be used for different purposes. In previous studies, we have assumed that 50% of forest
industry byproducts will be available and based on this assumption calculated marginal cost curves for
biomass acquisition.
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Figure 3. Map of northern Sweden with major industries producing and consuming sawdust and bark. Raw material
supply areas for potential biorefineriggthanassiadisD.Analysedfrom Swedish University of Agricultural Sciences,
Forest Biomaterials and Technoldgy

The use of forestry bgroducts will lead to the following changes in the market. Heating oil was commonly
used for heating in Sweden before the 1980s, but today biomass has a dominant position in the Swedish heat
market as a fuel for CHP for district heating. Very little fossil fuels are today used for heating. Biomass is also
the main energy source for energy intense forest industries. Today, most of the forest indugtrydogts

are already used, either internally, or by pellet producers or by combined heat and power (CHP) plants. Only
outputs with high water content like fibre sludge and green liquor etc. are difficult to use. In northern
Sweden, several investments are planned for the production of biocarbon, biofuels and biochemicals based
on forest industry byproducts (sawdust and bark). These investments are on higher levels in the biomass
value pyramid than energy generatiddpgrading is likely to have the following effects.

1 Upgrading creates added value to sawdust. This in line with the cascading principle.

1 New production creates synergies with the existing forest industries and raises the overall efficiency
of both processes. It also reduces energy needed for transports of bulky sawdust as the productions
will take place integrated or close to the sawmill. New end users are aiming to find most suitable
places that can maximise these synergies.

1 When you create added value to a-psoduct it becomes more economical for forest industries to
supply more by products to the market and use less internally. This promotes investments in energy
efficient technology. We have seen several examples of this during the past decades.

9 Biofuels used fotransports today can in the future be upgraded to biobased materials and biochemi-
cals can stay and circulate in the society for a longer time and in the end of the life cycle can be used
for energy generations.

1 CHP plants can compensate for the shortage of sawdust by burning logging re$ichrehes and
tops) that today are not fully utilized or other more complex fuels not suitable for upgrading. CHP
G§SOKy2ft238 A& NRodzalG FyR RSaA3aySR G2 KFIYyRES Y2
dues from the forest they will decompose-1B years) in the forest releasing CO2 to atmosphere an-
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yway. Environmental impact of LR extraction is small and well known and regulated by the national
forestry act.

1.5 Conclusions and Recommendations

1.5.1 Conclusions

Forestry is a cproduction system, i.e. several products are produced simultaneously, such as saw logs, pulp-
wood, sawdust, bark and logging residues. Therefore, the potential amounts of the different assortments are
not independent.

The estimation of current residues is given below. The data for sawdust, bark, chips and savings are actual
figures. Potential may be higher. The logging residues are a rough estimate of what could be collected on
basis of a medium mobilisation scenario within sound ecological boundaries.

Table3, Estimations on biomass potential and applicati¢Rersson, 9

Biomass stream By-products Current application Possible application
(annual production,
dry)
sawdust 300 kt high value products, biofuel
bark 230 kt wood pulp (paper &
pulp chips 1 Mt textiles), wood panels,
G0 GS 40 Kt energyproduction
shavings 30 kt
logging residues 2-4 Mt largely not extracted, high value
combustion compounds

Logistics Biorefinery plants need huge amounts of biomass at an affordable price. Efficient biomass logistics is
very important for increased availability at an affordable pritke costs of harvesting, transporting, storing

and handling of the biomass are prime determinants of overall biorefining costs. Wood fuels often have a wet
and bulky nature making road transport over long distances not feasible. Wood fuels are typically sourced
within a 100 km radius from the end consum&olutions for improved biomass logistics are available here
(https://biofuelregion.se/projekt/forestrefine/).

Costs allocation Calculating production costs for one product in apcoduction system is not straightfor-
ward. Generally, there is no unambiguous way to allocate costs between the different products in an opera-
tion. The forestased industries and the energy production sector are intricately interlinked, displaying syn-
ergies as well as competition. Sawmillinggegducts are used for wood pulp (for paper as well as textile fi-
bres) and wooebased panels manufacturing as well as for energy production, whilestielems from chemi-

cal pulping are used in the chemical industry as well as for energy production.

9 Persson, L. Mapping the market of unrefined forest industrptmgucts in northern SwedeRapport
fran Institutionen for skogens biomaterial och teknologi, 2021:10 Umea, 2021
(https://stud.epsilon.slu.se/17846/3/persson-I-20220623.pdf)
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Dynamics in supply and demandhe demand, and thus price, for sawlogs is one of the most determinant
factors for the supply of primary woody biomass, including woody biomass for energy. The supply of primary
woody biomass might also be affected by external factors, such as natural disturbances. Energy and material
use (mainly wooebased panels but also wood pulp manufacturing) also compete for primary sources of
woody biomass. This means that developments in wbased markets are instrumental to the supply of
woody biomass for biorefining purposes, and thus an assessment of sources and uses of woody biomass
needs to consider existing forebased industriesncreased competition for sawdust and bark today used for
combustion will make CHP plants look for alternative wood fuels. Logging residues represent a huge, un-
derutilized biomass resource. To mobilize this resource, several actors must make strategic decisions.

Forest resources and climatd-orest resources within the EU are on the increase. Between 1990 and 2020,
forest area increased by 9% and the volume of wood in European forests rose by 50%. Over the last 100 years
the standing volume in Swedish forests has almost doubled and carbon stocks in forests and forest soil have
guadrupled. At the same time, more than 4 billion cubic meters of timber have been felled and delivered to
GKS a20ASied {dadlrAylroftS F2NBad YIyrFr3asSySyd KIFa |
extract biomass from regions with positive forest trends, we face the risk of importing biomass from countries
where we can observe a negative trend of deforestation.

1.5.2 Recommendations
For the SCAEBP regional platform:

1 To share information and to promote joint activities to boost the bioeconomy in northern Sweden.
One example is the ongoing support to mobilize more logging residues in the region.

1 To mobilize actors within the whole value chain and to communicate and exchange best practices for
costeffective deliveries of logging residues with high quality. A wood fuel network including buyers
and sellers of wood fuels in northern Sweden should be mobilized in this task.

1 To identify challenges and solutions in the logging residue value chain with a web survey. To identify
important areas where best practices can be shared and developed. To design workshops and train-
ing sessions together with heating plant, entrepreneurs, and suppliers of wood fuels.

For research:

1 To make more biomass economically available over vast geographical areas, it is important to devel-
op more efficient forest machinery and transports on road and railway.

Policy:

91 All policy measures aiming to hamper active forest management will decrease the availability of all
woody biomass assortments.

1 Anincrease in the use of woody biomass to reduce carbon emissions should be promoted through ac-
tive and sustainable forest management across the EU and should not be hampered by policy con-
straints.

Regional biomass availabilities, nutrient balances and ecological boundaries 43



community-driven
bioeconomy development

Regional Biomass and Nutrient
Avallabllities in Mazovia, Poland

February, 2024

Katarzyna Rull Quesada,
UNIMOS Alliance

Al

ek sand e

This project has received funding from the European Union's Horizon Europe
research and innovation programme under grant agreement No. 101060264 .



Table of contents

9 Regional biomass and nutrient availabilities in Mazovia region (Poland).........cccccocceeenn. 46
S A 111 oo (U o1 1o o IR PP PP OPPPPPUPPPRN 46
LS 0 I R = - T3 (o o 11 o o PR 46

S I Yol o] oL ST PTP ORI 49
9.2  BIOMASS AVAIADIIITY ........oeeiiiiiiiie e 53
9.2.1 Biomass availability T apple Prunings ........cccuueiiire i 53
9.2.2 Biomass availability T apple POMACE ........ccoiiiiiiiiiiiie e 61
9.3 NULHENt AVAIIADIILY ....coo.eiiie e e e s e e e e nnreeaeenns 62
9.3.1 Nutrient availability T apple Prunings .........ccccueeiireeeieiceeee e e srrreree e e e 62
9.3.2  Nutrient availability T apple POMACE ........ccceiiiiiiiiiiiie e 63
9.4 DisSCUSSION Of the RESUILS ......eviiiiiiiiiie e e e eneeeaeeans 65
9.5 Conclusions and ReCOMMENUALIONS .........ccoiuiiiiiiiiiiee ettt e e ieeee e 66
O.5.1  CONCIUSIONS ..ottt ettt ettt et e e e s s et e e e e b e e e e e snbe e e e s annreeeeannneaeaans 66
9.5.2  RECOMMENUALIONS. .....iitiiiee ittt et e ettt et e e e st e e e e st e e e sseee e e e snneeeeeaneeeeeanns 67

Regional biomass availabilities, nutrient balances and ecological boundaries 45



1 Regional biomass and nutrient availabilities in
Mazovia region (Poland)

1.1 Introduction

1.1.1 Background

The Mazowieckie voivodeship (Mazovia Region) with Warszawa (Warsaw) - the capital of Poland -
located in the central part of Poland and covers an area of more than 35,500 square kilometers.

According to Statistics Poland, apart from being the largest province in Poland in terms of area and
population with 5 425 028 inhabitants, the region is the fastest developing region of Poland. It is
characterized by low unemployment, high economic development speed and young and well
qualified staff. The development of entrepreneurship in the region is primarily influenced by the
existence of business incubators, including academic business incubators, highlighting the
transregional role of Warsaw, connected to its role as the capital city of Poland. In terms of
technology and innovation ecosystems, there is a high availability of innovative solutions (including
Industry 4.0) and there are strong and active clusters operating in traditional and high-tech industries.
Research, private and non-governmental organizations can count on tangible support from the
regional government for agriculture development, as well as the availability of EU instruments and
financing schemes. Mazovia is also one of the most internally diverse areas in Poland showing high
internal diversification with a nationwide potential in nearly every field: science, research, education,
industry and infrastructure.

Figure 1. Mazovia region map against the map of the country

o Ptock

Source: Adapted from https://www.paih.gov.pl/polish_regions/voivodships/mazowieckie#

On 1 January 2018, Mazovia region was divided into 2 statistical units of the NUTS2 level ("regions”
according to the systematics used by Eurostat):

A wS3IArzy 6tNARIFgalA aG2050Tye 621 NBES [} LAL
GKS F2ft26Ay3 LRSAFIGAY 3INBRIAATAZ fS3IA
LINHzAT 12641 A2 6FNRTIFIgalA T OK2RYA YR 620
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A Region mazowiecki regionalny (Mazovia region), which covers the rest of the Mazovia region

Figure 2. Mazovia region division according to NUTS2

Warszawski stoteczny region
1. Warszawa

2. Warszawski wschodni

3. Warszawski zachodni

Mazowiecki regionalny region
4. Radomski

5. Ciechanowski

6. Plocki

7. Ostrotecki

8. Siedlecki

9. Zyrardowski

Rys. 02. Statistical division (as at 1 January 2018).

Source: https://innowacyjni.mazovia.pl

The Mazovian economy is characterized by high industry diversification, being less dependent on
cyclical fluctuations than regions uniform in terms of the structure of the economy. There is also a
clear regionalization of certain specializations.

Agriculture is one of the most important sectors in the Mazovia and it is characterized by very fertile
soils enabling a thriving development of agricultural economy. Usable agricultural land covers about
65% of the area, hence the large role of horticulture, orcharding and related activities (source:
Statistics Poland; stat.gov.pl).

Poland is the largest producer of apples in Europe. Apples have been grown in Poland since the 12th
century, and today form an integral part of its economy and economic heritage.

Figure 3. Apple harvesting in Poland

Source: own picture.
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According to PolishFoodies (polishfoodies.com), in 2021, Poland produced 4,170,000 tons of apples,
almost 22% more than in 2020 which put the country on the top of the EU apple-producing charts.

Taking into account the above-mentioned facts and aspects, several possible bio-based solutions
have
a chance for the development in the Mazovia region, including:

A production of new functional agfood products;

A production of new biebased packaging;

A production of fertilisers based on waste from fruits, grains and vegetables and
A other processing activities.

In order to facilitate the development of new bio-based solutions, it is worth to have in mind financing
opportunities available currently in the Mazovia region and related to the EU funds 2021-2027.

The development of possible bio-based solutions should be in line with the RIS 2030 i a strategic
framework for the regional innovation ecosystem and smart specialisation of the Mazovia region
(Mazowieckie voivodeship). It constitutes a signpost along the paths of regional innovation
development and enables better use of the region's resources in the area of research, innovation
development or cooperation of entrepreneurs and scientific entities, business support institutions and
administration.

In Mazovia region, four main thematic areas are adopted as the basis for the specialisation, on the
foundation of which the entrepreneurial discovery process is organised. The four areas are as
follows:

1. Safe Food

2. Smart systems in industry and infrastructure
3. Modern business ecosystem

4. High quality of life

For each area of smart specialisation, the assumed economic effects and expected project results
were defined, as well as sample technologies supporting the area.

Safe Food is one of RIS2030 specialization areas that focuses on ensuring high quality agri-food
products that are safe for consumers and the environment. This can be achieved, by among other
ways, through improving products and processes related to their production, processing, storage,
distribution and disposal.

The area includes solutions affecting food quality and safety, among others, in the field of:

farming and breeding techniques (including precision farming),

fertilisers, plant protection products, feeding stuffs, veterinary medicines,
machinery, equipment and tools for agriculture and dgdd processing,
formulation of food products and improvement of technological processes,
quality testing of agffood products,

food storage andlistribution (including packaging)

paip b s 1 2

Examples of technologies supporting the area of specialisation:

A Agritech- technologies dedicated to agriculture, both plant and animal production up to the

first processing stage.
A Biotech-technologies using biological processes on an industrial scale.

A Foodtech- technologies dedicated to food production from the first processing of agricultural

products.
A Qualitytech- technologies and solutions used in quality control.

The smart specialisation of the Mazovia is open, as it assumes the possibility of identifying new
development niches at any time of the smart specialisation strategy implementation within so called
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entrepreneurial discovery process. This approach is crucial to involve stakeholders (including
entrepreneurs) as broadly as possible directly in the process of creating, implementing, monitoring,
evaluating and updating the strategy for smart specialisation.

Additionally, the Strategic Plan for the Common Agricultural Policy 2023-2027 (CAP SP 2023-2027)
prepared by Poland and approved by the European Commission should be taken into account as
well. It provides an opportunity to effectively, and sustainably strengthen the competitiveness and
development of Polish agriculture and rural development, taking into account aspects of the transition
to a green and digital economy.

1.1.2 Scope

According to Agronomist.pl*®, Poland is the largest apple-growing country in the European Union,
and the fourth largest producer in the world (after China, USA and Turkey). The two selected value
chains are related to apple production i apple pruning (branches) and apple pomace.

The first value chain i apple pruning residues - belongs to the agricultural wastes generated in the
agro-food processing sector. Annual pruning is required, and thus generates a substantial number of
residues, which must be disposed of. The second one i apple pomace- is left-over solid residue
resulting from extraction of juice from apples.

In terms of quality, Polish producers concentrate on high quality of produced apples. They have
access to modern cold stores and can offer fresh apples during the whole year. The main
investments in apple production are related to the modern storage, sorting and packaging facilities.
It's financed mostly by the groups of producers in the regions. Suppliers very often consolidate in
associations and are able to plan, sort, pack and supply big, uniform batches of apples. It is noticed
that labour resource costs are lowered by hiring workers from East European countries out of the EU.

According to Polish Foodies, there are several types of apples grown in Poland. It is possible to
distinguish (polishfoodies.com):

Figure 4. Mutsu apples grown in Poland

10 Agronomist.pl is online platform with professional knowledge and innovative tools for agricultural
producers and food processors.
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Source: own picture.

A Popular Polish apple varieties, that includestzela(old apple variety with a greenish peel),
Antonéwkad & 2 dzNJ I YR ONXzy Lo f & @F NASGe O2YAy3a TN
Reneta (perfect fokompotand jam), Kronselsk@reen, yellow and aromatic), Papieréwka or
ht Agll Aswdédemisoir §elldw apples originated in thealtics perfect for
coocking)

A Modern varieties, that include Idared (tart and juicy), Jonagored (slightly sour with a juicy
aromatic yellow pulp) Jonaprincglarge, crisp, juicy, and sweet), Mutsu (a hybrid of Indo and
Golden Delicious, conical in shape and slightly sour, but creamy), Szampion (also called
champion, developed in the Czech Republic), Ligol (large and craathfelikategperfect
for desserts).

A International apples, Royal Gala (originally from New Zealand sweet and tender apples
started to being cultivated in 90s in Poland), Golden Delicious (aromatic and sweet with a
crispy creamy flesh), Pink Lady (Australian ebweed with sweetness of Golden Delicious
and the firmness of Lady Williams apples), Gloster (German apples with tasty flushed red
fruit) and Granny Smith (firm juicy Australian apple).

The most popular varieties in Poland are: Idared (21,6%), Jonagold (17,5%), Champion (11,2%),
Ligol (7%), Golden Delicious (5,1%), Gala (5%), Gloster (4,8%), Lobo (2,3%). 64% of apples
produced in Poland are dedicated to consumption and 36% for industry*.

11 pietrzak, Michag Aleksandra Chlebicka, PawegKraci@ki, and Agata Malak-Rawlikowska. 2020. "Information
Asymmetry as a Barrier in Upgrading the Position of Local Producers in the Global Value Chaind Evidence from the
Apple Sector in Poland" Sustainability 12, no. 19: 7857. https://doi.org/10.3390/su12197857
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Figure 5. Apple orchard in Poland

Source: own picture.

In relation to the locations, on average, more than 45 percent of the country's apple production

comes from the Grojec-Warka region, known as "Europe’s largest orchard.” Municipalities with the

hi ghest concentration of crops are: Bgnd- - w, Bel sk
largest continuous apple orchards area in Poland that covers 68.816 ha.

Figure 6. Main apple production in Mazovia region

Source: own elaboration based www.innowacyjni.mazovia.pl

Regional biomass availabilities, nutrient balances and ecological boundaries 51



Polish orchards are set up on the lowland areas, mostly placed on soils made of clays, dust
formations and saprophytic sands that gives good oxygenation to significant depths. The level of pH
is between 6,1 - 6,7.

The country is situated in moderate climate zone which is very favourable for apple trees. Average
temperature from flowering to harvesting time is 16,3 C (with rainfall 615 mm / month) and 2,7 C (with
rainfall 320 mm / month) in the vegetation period. In terms of production methods, the central region
of Poland has a very good relation of cold and hot days during the year, what makes good balance of
sweet and sour taste.

Apple production in Poland in recent years has distinguished itself from other fruit production sectors
by gradually increasing production efficiency per unit area, with decreasing production costs.
Intensification of orchard production requires the use of an adequate amount of agrotechnical
treatments (fertilization, chemical plant protection), which can have a negative impact on the quality
of the environment, especially in relation to soil, surface water, groundwater and biological balance.

Polish apple producers are mostly small companies with less than 5 hectares areal (89,3% of all
producers). In each region, they set up local trade groups, which associate most of the local
suppliers. In terms of commercialization, trade groups are responsible for the sale of the apples but
also they store the fruits, sort, pack and organize the transport. They negotiate the prices and the
cooperation conditions. The producers with the acreage above 5 hectares (10,7%) mostly work
independently and they sell and export the apples directly to the buyers.

Residues of mineral fertilizers and pesticides may cause deterioration of the quality of the
environment and produced food. This is why in the interest of producers and consumers of
agricultural products, it is necessary to ensure the proper use of the agroecosystem within the
framework of integrated fruit production, meaning the appropriate number of agrotechnical
treatments, doses and timing of their application, grace and prevention periods), taking into account
the balance of economic, social and natural interests.

According to LabManager, Apple trees need access to important nutrients, which come from the soil.
However, soil is quite different from orchard to orchard*2.

Apple prunings

In terms of the role of nutrients in the value chain, woody residues are the most promising source of
raw materials for the wood industry and could replace traditional wood assortments for bioenergy and
industrial use. Additionally, prunings could be used as a lignocellulosic source for particleboard
production. According to research studies, apple pruning residues, as a wooden biomass, could
partly replace typical wood assortments for small and middle size boilers and commercial power
plants, supporting the energy units with renewable fuel. Moreover, they could generate heat, similar
to technologies related to waste-to-energy (WtE), zero waste or circular bioeconomy solutions. It is
worth noting that pruning-to-energy (PtE) may be especially important in rural areas that are
characterized by limited access to forest resources and a large share of apple orchards in the region.

It is possible to use the pruning biomass as a fertilizer. The prunings should be chipped to capture
the nutrients from the orchardés 6éwastebd and
of nutrients, this topic should be explored, preferably in coordination with research and education
institutions.

Apple pomace

Apples are a staple fruit grown in temperate climate zones, are among the most widely consumed
fruits in the fresh state and are a valued raw material in the processing industry. The fruit is a
valuable source of fiber, pectin, vitamins A, B, PP, C, K, which are essential for the human body, as

12 www.labmanager.com
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well as carbohydrates (glucose, fructose), organic acids (malic, citric, tartaric) and minerals. The
advantage of apples is that they are low in calories, as a medium-sized apple has about 60 kcal.

Apple pomace is a rich source of nutrients such as phytochemicals, as well as carbohydrates,
vitamins and mineral. It consists of a high amount of carbohydrates, of which about 70% are simple
sugars, have a high source of arabinose and rhamnose and contain from 10 to 12% glucose (dry
weight basis), which is a main fuel source for most tissues throughout human body. Besides
carbohydrates, apple pomace is also a source of proteins.

Apple pomace is a rich source of many minerals, which are of interest from the human nutritional
point of view. Potassium represents the main portion of the total mineral content of apple pomace
and provides 20% of Recommended Dietary Allowances (RDA) after consumption of 100g of apple
pomace. Sodium and phosphorus are the next most widespread minerals in apple pomace and
provides respectively 13% and 11% of RDA13,

Apple pomace is also rich source of copper and zinc. Copper is requested in correct superoxide
dismutase working, which causes neutralization of free radicals in human body. Zinc is essential
trace element for humans, and other organisms, after iron is the second most abundant transition
metal in organisms.

1.2 Biomass Availability

1.2.1 Biomass availability 7 apple prunings

In Europe, the main permanent crop areas are occupied by olive trees, vineyards, and fruit trees.
According to research studies, the assumed theoretical potential of pruned biomass from permanent
crops in EU28 is ca. 246 PJ per year and apple orchards represent a share in the permanent crops
area of 4.2%, accounting for ca. 450,000 ha. Taking into account that the largest apple producer in

the EU is Poland with over 143,000 ha and al most

trated in the Mazovia region with 68.816 hectares“.

Figure 7. Fruit Production in Poland

Wyszczegodlnienie 2020 2021
Specification wtys.t inthousand tonnes 2020=100
Ogétem 3948,6 4493,5 113,8
Total
Jabtonie 3555,2 40674 114,4
Apple trees
Grusze 61,0 68,6 1124
Pear trees
Sliwy 11,7 174 1051
Plum trees
Wisnie 155,5 166,6 1071
Sour cherry trees
Czeresnie 51,3 59,1 1153
Sweet cherry trees
Brzoskwinie 38 4,5 1203
Peaches
Morele 31 31 101,2
Apricots
Orzechy wioskie 7.0 6,8 96,6
BKr ucz@lktes Mar ek & Gumul, Dorota & Kacaniova, Mirosl

Gambu$S, (R0AT).ilndustrial apple pomace by-products as a potential source of pro-health
compounds in functional food. Journal of Microbiology, Biotechnology and Food Sciences. 7. 22-26.
10.15414/jmbfs.2017.7.1.22-26.

14 different-countries-one-environment.pl
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Tree fruit production:
2021 i

20152 |

Berry fruit production

2021
|
I
0 10 20 30 40 50 60 70 80 90 100 %
- Apples Pears - Plums Cherris - Sweet cherries - Others®
Strawberries® Raspberries? - Currants Gooseberries Others®

a Fruit harvested in orchards and outside. b Peaches, apricots, walnuts. ¢ Including wild strawberries. d Including thornless blackberry.
& Chokeberry, highbush blueberry, vine, hazel and others.

Source: Statistics Poland (GUS), 2022
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CHART 2 (57). THE VOIVODSHIP'S SHARE IN DOMESTIC PRODUCTION OF SELECTED
AGRICULTURAL AND HORTICULTURAL CROPS
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Source: Statistics Poland (GUS), 2022

Figure 8. Fruit Production by voivodship, including Mazowieckie (Mazovia)
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TREE FRUIT PRODUCTION IN ORCHARDS BY VOIVODSHIPS

2019 2020 2021
WOJEWODZTWA ogélem jablonie | grusze | Sliwy “:f,:'re Q:V:Zir:'e
VOIVODSHIPS total apple pear plum chery | chery
wtys.t inthousand tonnes w % ogétem in % of total

POLSKA oo 34564 | 39486 44935 90,5 1,5 2,6 3,7 1,3
POLAND

Dolnoslaskie ............... 30,0 21,2 359 64,9 34 16,3 7.6 58
Kujawsko-pomorskie ... 64,1 54,0 60,8 774 3,2 6,7 8,6 3,5
Lubelskie .................... 529,0 573,7 611,0 89,6 1,3 3,2 51 0,7
Lubuskie ........cccccoeeenee 13,0 10,4 75,3 94,0 0,8 1,6 2,0 0,9
toédzkie ... 4649 632,5 5751 90,3 1,7 22 4.8 0.8
Matopolskie ................. 107,7 120,6 132,7 88,4 29 55 1,8 0,9
Mazowieckie ............... 1622,5 1822,5 2101,8 93,7 1,4 1,1 2,6 1,2
Opolskie .......ccccoerceueen 4.8 47 11,8 88,4 2,8 1,6 2,0 3,2
Podkarpackie .............. 242 373 78,0 89,2 2,9 3,7 1,2 0,4
Podlaskie .......ccccoeeune 11,6 9,2 14,3 87,2 5.3 21 3.3 1.4
Pomorskie ........ccccocuee 20,7 11,8 14,5 91,3 2,2 2,0 2,7 1.7
Slgskie .....oovveeereereanns 6,1 6,7 12,2 82,3 7,0 54 2,2 1,6
Swietokrzyskie ............ 500,7 529,4 5934 87,7 0,6 43 5,0 1,5
Warminisko-mazurskie 12,0 8,5 9,5 71,2 9,7 10,3 7.2 1.3
Wielkopolskie .............. 1041 97,0 1348 75,4 3,2 7.5 7.0 6,2
Zachodniopomorskie ... 40,8 9,2 32,4 87,5 2,6 6,3 1,2 1,2

Source: Statistics Poland (GUS), 2022.

Figure 9 Crop area, yield and harvesting in Poland and Mazovia region
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AREA OF CULTIVATION, YIELDS, AND APPLE HARVESTS IN ORCHARDS

Area of Vield per Harvest in Area | Yields | Harvests
Specification cultivation deti't‘gr::es decitonne
(ha) () s (d) 2020 = 100
OGOLEM
POISKA......veeoerresasrennsenne 161 948 251,2| 40 673 766 106,1 107,8 14,4
Dolnoslaskie................... 1206 180,0 233100 126,5 181,5 2294
Kujawsko-pomorskie....... 2590 181,8 470 777 112,9 98,9 111,6
Lubelide. . 20 797 263,2 5473 884 101,3 105,2 106,6
LubUSKi@.......vrvereoereee. 3769 187.8 707 911 6198 182,0 1128,1
EOAZKIC .o 20672 2524 5192426 99.3 91,5 90,9
Malopolskie.................. 6110 192,0 1173120 104,3 108,5 113,2
erndeckie. 69 816 282,1| 19695094 99,9 114,8 114,6
OPOISKIE.oo 605 172,0 104 057 2248 144,3 324,3
Podkamackie............... 3852 180,7 695 976 153,3 153,5 2354
Podiaskie . 1012 123,6 124 995 112,5 153,2 172,3
POMOTRkIe. oo 1300 102,0 132 620 122,8 102,5 125,8
S1gSKI€......ooveereeeeen 813 123.4 100 323 140.8 148,0 208,4
Swigtokizyskie............... 20 725 251,0 5201 882 103,9 109,4 113,7
Warmifisko-mazurskie..... 853 79,5 67 779 100,3 108,9 109,2
Wielkopolskie................. 4 886 208,0 1016 334 102,0 150,9 154,0
Zachodniopomorskie...... 2954 96,0 283 488 406,5 163,5 665,0

Source: Statistics Poland (GUS), 2020.

Next importantr egi ons are Lubelskie District with 22.752
21.381 hectares and G-d¥ area 19,512 hectares. I n
EU countries is ca. 29 PJ, out of which more than 9 PJ is attributed to Poland?®.

Depending on varieties, the trees are planted in autumn or early spring in rows with 2-4 meters of
space in between. The soil must be fertilized in 3-6 months before. Fertilization with nitrogen,
magnesium, phosphorus and potassium is necessary during flowering, because they take active part
in the process of bud development.

15 Dyjakon, Arkadiusz & Mudryk, Krzysztof. (2018). Energetic Potential of Apple Orchards in Europe in
Terms of Mechanized Harvesting of Pruning Residues. 10.1007/978-3-319-72371-6_58.
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Source: Interreg Europe.

According to Kuzin and Solovchenko (2021), potassium (K) is crucial for apple growth, fruit quality,

and yield. The apple plant demands it throughout the growing season, peaking during fruit ripening .

Currently, themainstream method is through application of the fertilizer to the soils to improve
potassium uptake by the rootsand its bioavailability depends on assorted various factors, including pH,
interaction with other nutrients in soil solution, temperature, and humidity Balanced application of
potassium is crucial, as its excessleads to competitive inhibition of calcium uptake by plantsand the

apple fruits affected by thepotassium/calcium imbalance frequently develop physiological disorders in
storage. New technologies withmachine vision might optimize potassium fertilization strategies?®.

The most popular varieties need 140 - 150 days from flowering till harvesting. The potential is

growing in accordance with new varieties of low trees and increasing the number of orchards. The
intensity of production is picking up above 50 tons/ hectare?’.

6 Kuzin A, Solovchenko Bssential Role of Potassium in Apple and Its Implications for Management of Orchard

Fertilization. Plants (Basel). 2021 Nov 29;10(12):2624. doi: 10.3390/plants10122624. PMID: 34961094; PMCID:
PMC8706047.

17 Dyjakon A. Harvesting and Baling of Pruned Biomass in Apple Orchards for Energy Production. Energies. 2018;
11(7):1680. https://doi.org/10.3390/en11071680
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During the growth process, required works include:

A Pruning- aimed at shaping the tree and limiting its growth, which in turn affects the better
quality of the fruit that the tree produces;

A Digging- performed in order to cover the trunk of the tree and protect it against negative
temperatures;

A Fertilization and watering / determining the uptake by the tree of water and nutrients;

A Spraying protecting fruit trees against diseases, insects and weeds.

In terms of pesticides, they must be controlled and used only when necessary. The chemical
composition is regulated with the appropriate regulations.

According to Dyjakon (2019) there are different management options in apple orchards (Figure 10)*8.
One of the field-based agricultural residues involves cut branches from regular permanent tree crop
pruning, such as apples. Amongst permanent fruit crops in Poland, apple orchards cover the largest
area, resulting in theoretical energy potential of 9.3 PJ per year. Although these agricultural residues
might be used as fuel, large amounts are wasted via open dumping or open burning in the field and,
therefore, are referred to as waste agricultural biomass. As such, use of these materials for energy
applications would be an effective way of managing the waste, while becoming a useful resource
rather than a waste material under conventional management practices (Dyjakon, 2019).

Figure 10. Management options in apple orchard

Fire risk, low costs,

pollutant emission, energy bighexeosts, enesgy iiae,

financial profits

lost, no benefits, not allowed

Energy lost,
average costs,

no benefits
g 24

in some countries

Source: The Influence of Apple Orchard Management on Energy Performance and Pruned Biomass Harvesting for
Energetic Applications, 2019

Pruning is an important cultivation technique that impacts the fruit quality and usefulness of disease

control practices. The most popular technique is harvesting and baling of pruned biomass and
chipping.

Figure 11. Apple tree pruning baling

18 Dyjakon A. The Influence of Apple Orchard Management on Energy Performance and Pruned Biomass Harvesting
for Energetic Applications. Energies. 2019; 12(4):632. https://doi.org/10.3390/en12040632
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Source: https://www.gospodarstwo-sadownicze.pl/w-zgodzie-z-natura

Pruned biomass bailings can easily be stored in bales on the field site in the open air at a low-cost. It
is related to the fact that there is still much free space for air flow, natural drying takes place, leading
to the decrease in moisture content to a level acceptable for energetic use.

Storage of apple pruned biomass in baling is an important part of the logistic chain and could include
different options, like open air storage, under cover storage, storage tank, silo, storage with drying,
etc. In terms of places, the storage could take place in the orchard, at the final consumer, but there is
also an option of mobile pruning services offered to farmers. The use of apple pruned biomass for
energetic purposes requires some energy input, manpower engagement, and investment in indis-
pensable machinery.

Figure 12. Pruning-to-energy process

Source: The Influence of Apple Orchard Management on Energy Performance and Pruned Biomass Harvesting for
Energetic Applications, 2019

The process includes the following stages: harvesting, baling, on-site storage, loading, storage, load-

ing, and transportation to the final user. In the logistic chain of prunings-to-energy, a crucial issue is
transportation.
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