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Regional bioeconomy development in Poland:
evidence from the Wielkopolskie voivodeship

Abstract: This study analyses the economic and environmental conditions for bioecon-
omy development in Poland’s Wielkopolskie voivodeship. Using a case study approach
and indicator-based analysis, the study examines the structure of bioeconomy sectors,
employment, and biomass potential. The findings indicate that the regional bioeconomy
represents an important, though structurally traditional, segment of the regional econo-
my, dominated by agriculture, food processing, and wood-based industries, with limited
involvement of R&D and advanced biotechnology. The study contributes to the literature
on regional bioeconomy development by highlighting the role of economic structures,
innovation, and resources in shaping its development pathways.

Keywords: bioeconomy, Poland, regional analysis, strategy, sustainable development

Introduction

The bioeconomy encompasses a wide range of sectors, including agriculture, for-
estry, fisheries, food and feed production, pulp and paper industries, as well as
cutting-edge biotech and bio-based industries. These areas demonstrate substan-
tial innovation potential, drawing on insights from diverse scientific fields, such
as life sciences, ecology, food science, applied biotechnology, nanotechnology,
and local tacit knowledge (Bioeconomy Strategy 2012, 2018, 2025, Haarich 2017,
Ronzon et al. 2020). As a driver of sustainable development and global compet-
itiveness, the bioeconomy relies on renewable biological resources that can be
transformed into value-added products and bioenergy (Lokko et al. 2018, Park,
Grundmann 2023, Barra, Falcone 2024). Its development depends on effective
governance, political stability, and coherent regulatory frameworks (D’Adamo et
al. 2020, Barra, Falcone 2024).

The European Union’s (EU) approach to bioeconomy has evolved significant-
ly, reflecting changing policy priorities and sustainability challenges (Patermann,
Aguilar 2021, Warchold et al. 2026). The bioeconomy concept, developed more
than twenty years ago, has shifted from a biotechnology-centred paradigm to
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a bioeconomy as a key driver of sustainable development (Patermann, Aguilar
2018). The first EU Bioeconomy Strategy, launched in 2012, primarily empha-
sized research and innovation as the key forces shaping a knowledge-based bi-
oeconomy. Its main objective was to harness renewable biological resources for
economic growth while addressing global challenges including resource scarci-
ty, environmental degradation, and food security. The 2012 strategy promoted
cross-sectoral policy coherence and encouraged stakeholder cooperation, posi-
tioning bioeconomy largely as a tool for scientific advancement, technological
development, and economic competitiveness (Bioeconomy Strategy 2012).

The 2018 Strategy update broadened the focus to include explicit environ-
mental and sustainability goals. While still recognizing the importance of re-
search and innovation, this version placed greater emphasis on circularity, eco-
logical limits, and alignment with global frameworks such as the Sustainable
Development Goals (SDGs) and the Paris Agreement. It emphasized the importance
of implementing bioeconomy initiatives at both regional and local scales, while
ensuring that socio-economic progress is aligned with environmental sustaina-
bility. By linking bioeconomy development more closely with sustainability, the
2018 strategy marked a shift from an innovation-centered approach to one that
balances technological progress with environmental and social responsibility (Bi-
oeconomy Strategy 2018).

The 2025 latest framework represents a further evolution, placing industrial
competitiveness, market scaling, and strategic resilience at the forefront. The
2025 strategy emphasizes bringing innovations from research to market, devel-
oping lead markets for bio-based products, and enhancing Europe’s global role
in the bioeconomy. It integrates the bioeconomy more explicitly with broader EU
policies on industrial competitiveness, supply chain autonomy, and clean indus-
try transitions (Bioeconomy Strategy 2025).

Overall, the evolution from 2012 to 2025 illustrates a clear trajectory: the
EU has moved from establishing a foundation for research-driven bioeconomy,
through embedding sustainability and circularity, to strengthening the link be-
tween innovation, market competitiveness, and strategic autonomy. This pro-
gression underscores the growing recognition that a successful bioeconomy re-
quires not only scientific and technological excellence but also coherent policies,
strong institutions, mechanisms to translate innovation into regional and eco-
nomic impact, as well as effective stakeholder engagement and transparent com-
munication (Bioeconomy Strategy 2012, 2018, 2025, Lokko et al. 2018, Aguilar
et al. 2019, Wozniak et al. 2021a, b). Despite this progress, empirical evidence
on the structural characteristics of bioeconomy development at the regional level
remains limited.

The aim of this article is to assess the state and structural characteristics of
the bioeconomy in the Wielkopolskie voivodeship, with a particular focus on
sectoral composition, employment patterns, and biomass potential in 2022. The
findings are based on a pilot study and provide a foundation for more comprehen-
sive research currently underway.
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Pathways to bioeconomy development

The literature indicates that the barriers and enabling factors shaping bioeco-
nomy development are highly diverse, with governance, investment, and pub-
lic awareness identified as key dimensions (Briers et al. 2026). Kelleher et al.
(2019) emphasised the importance of appropriate regulatory frameworks for
successful cross-sectoral development. Heimann (2018) showed that, without
complementary measures such as regulatory frameworks, policy instruments,
and sustainability-oriented investments, the bioeconomy may constrain rather
than support the achievement of the SDGs. Financial conditions, particularly
investment in research and development (R&D) and innovation, play a critical
role in either enabling or limiting progress (Briers et al. 2026). Limited access to
capital and insufficient support for commercialisation remain significant barriers
(Dietz et al. 2018). In addition, public perception and engagement are crucial, as
societal acceptance underpins the long-term sustainability of bioeconomy tran-
sitions, including workforce development (Pender et al. 2024). Accordingly, the
literature emphasises the need to strengthen public awareness and understand-
ing of the bioeconomy (e.g. Trigkas, Karagouni 2023, Briers et al. 2024, Pink et
al. 2024).

In rural contexts, the bioeconomy is increasingly conceptualised as a place-
based innovation approach that builds on specific regional assets, knowledge,
and capacities (De Schutter et al. 2019). This implies that development strategies
should be tailored to the ecological, economic, and socio-cultural conditions of
each region rather than standardised (Meyer 2017). Innovation is therefore close-
ly linked to local resources, institutional structures, cultural practices, and stake-
holder networks. Empirical studies highlight the importance of participatory ap-
proaches, and the need for inter- and cross-sectoral as well as transdisciplinary
cooperation (Patermann et al. 2018, Szarka et al. 2023, Hofer et al. 2025). Spatial
perspectives are particularly relevant, as they enable the alignment of innovation
strategies with territorial and ecological specificities (Vivien et al. 2019, Szarka et
al. 2023). This suggest that successful bioeconomy transitions are multidimen-
sional and strongly dependent on regional embeddedness, which enhances social
sustainability and resilience (Meyer 2017, Szarka et al. 2023, Laasonen 2024,
Schlaile et al. 2025). In this context, the bioeconomy extends beyond tradition-
al resource-based production models towards broader systemic transformations
across value chains. This also highlights the need for clear governance framework
that enable diverse stakeholders — such as farmers, businesses, policymakers and
researchers — to collaboratively shape sustainable innovation pathways (FAO
2021, Hofer et al. 2025).

While previous studies have primarily examined bioeconomy development at
national and EU levels (Haarich et al. 2022, Dolge et al. 2023), there is a notable
gap in regional-level analyses in Poland, particularly regarding structural charac-
teristics, innovation potential, and development barriers (Skorwider-Namiotko
2015, Kraska et al. 2024). By focusing on the Wielkopolskie voivodeship as a case
study, this research provides preliminary evidence on the regional determinants
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shaping bioeconomy development and contributes to a better understanding of
how regional contexts influence the transition toward a sustainable bio-based
economy.

Materials and methods
Defining the scope of the bioeconomy

This study is grounded in the bioeconomy definition provided in the EC com-
munication COM (2012) mentioned in the Introduction (Bioeconomy Strategy
2018). The bioeconomy is understood here as a broad set of economic activities
associated with the production and manufacturing of biomass. Based on the Eu-
ropean statistical classification of economic activities (NACE Rev. 2), and pre-
vious studies by Ronzon et al. (2020), these activities correspond to the sectors
presented in Table 1 (Eurostat 2008). Due to the limitations of publicly available
regional statistical data, the identification of bioeconomy activities was conduct-
ed at the level of entire PKD/NACE divisions. The inclusion of R&D activities

Table 1. Bioeconomy sectors in Poland

Section N.A CE. Bioeconomy sectors
classification
A - Agriculture, Forestry A01 Agricultural crops, animal breeding and husbandry,
and Fishing hunting, including service activities
A02 Forestry and timber harvesting
A03 Fishing
C - Manufacturing C10 Food production
Cl11 Beverage production
Cl2 Production of tobacco products
C13 Textile production
Cl14 Clothing production
C15 Production of leather and leather products
Cl6 Manufacture of products of wood and cork, except
furniture; manufacture of articles of straw and
plaiting materials
C17 Production of paper and paper products
C20 Production of chemicals and chemical products
C21 Production of basic pharmaceutical substances and
medicines and other pharmaceutical products
C22 Production of rubber and plastic products
C31 Furniture production
D - Electricity, gas, steam D35.1 Generation, transmission, distribution and trade of
and air conditioning supply electricity
M - professional, scientific M72.1 Scientific R&D work in the field of natural and
and technical activities technical sciences

Source: NACE classification, Polish Classification of Activities.
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reflects the growing importance of biotechnology and innovation systems as en-
abling components of the knowledge-based bioeconomy.

Data sources and methods

The analysis is based on publicly available data from the Central Statistical Office
"and the Local Data Bank i supplemented with purchased data on the number of
registered entities (REGON)! and the average employment in bioeconomy as of
December 2022. Data on renewable energy sources (installed capacity and num-
ber of installations) were obtained from the Polish Energy Regulatory Office. '

The selection of indicators was guided by two main criteria: (i) the availability

and consistency of data at the regional level, and (ii) their relevance to key dimen-

sions of the bioeconomy as identified in the international literature. The adopted
indicators capture essential socio-economic and environmental aspects of bioec-
onomy development, in line with methodological approaches used in comparable
studies across European regions.

The following methods were used:

* Case study. Analysing the bioeconomy development in the Wielkopolskie
voivodeship. This method involves a detailed, comprehensive description of
a single case, and its analysis allows for the presentation of conclusions re-
garding the causes and effects of its functioning (Stake 1995).

* Indicator methods. In this study, socio-economic and environmental indica-
tors were analysed to measure bioeconomy in the region. Moreover, the anal-
ysis of available biomass sources from agriculture and forestry in the region
was examined.

Results

This section presents the main findings of the analysis, structured around the few
dimensions of the research question: What is the size of bioeconomy and bio-based
industries in the Wielkopolskie voivodeship, and what areas of bioeconomy represent the
region’s development potential? The state of the bioeconomy in the region was exam-
ined based on relevant indicators and statistical data to provide a comprehensive
assessment of its development.

The state of the bioeconomy in the Wielkopolskie voivodeship

In 2022, a total of 28 910 entities in the region were active in bioeconomy sectors.
Approximately 34% operated in Section A (agriculture, forestry, and fishing; Ta-
ble 2). Among the main industrial sectors, furniture manufacturing accounted for
16% of all entities, followed by wood and cork (12%) and food production (11%).

! REGON register is a continuously actualised set of information on subjects of national economy
run as an IT system in the way of central database.
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Table 2. National economy entities from the REGON register reporting engagement in
economic activities in the Wielkopolskie voivodeship in 2022

National economy entities from

Division Activity the REGON register reporting S[h(;:) Se
engagement in economic activities
01 Agricultural crops, animal breeding and 8479 29.3
husbandry, hunting, including service
activities*
02 Forestry and timber harvesting 1201 4.1
03 Fishing 72 0.2
10 Food production 3291 11.3
11 Beverage production 141 0.5
12 Production of tobacco products 8 0.03
13 Textile production 968 3.4
14 Clothing production 2335 8.0
15 Production of leather and leather products 232 0.8
16 Manufacture of products of wood and cork, 3512 12.1
except furniture; manufacture of articles of
straw and plaiting materials
17 Production of paper and paper products 624 2.2
20 Production of chemicals and chemical 493 1.7
products
21 Production of basic pharmaceutical 39 0.1
substances and medicines and other
pharmaceutical products
22 Production of rubber and plastic products 1426 4.9
31 Furniture production 4570 15.8
35.1 Generation, transmission, distribution and 1 095 3.8
trade of electricity
72.1  Scientific R&D development work in the 424 1.5
field of natural and technical sciences
All 28910 100.0

* excluding individual farms.
Source: own study based on data from the CSO in Poznan (2022).

The highest number of bioeconomy entities was recorded in Poznan County
(3804) and the city of Poznan (3715). In Poznan County, activity was concentrat-
ed primarily in the furniture manufacturing (933 entities), followed by crop and
animal farming (556) and food product manufacturing (425). ' The majority of
R&D entities in natural and technical sciences were located in the city of Poznan
(271) and Poznan County (71), together accounting for around 80% of such enti-
ties in the region. This concentration reflects the presence of key scientific and re-
search institutions. According to CSO!, 80 entities from the REGON register were
engaged in biotechnology R&D, including 58 in Poznan and 11 in Poznan County.

In 2022, a total of 202 079 people were employed in the bioeconomy in the
Wielkopolskie voivodeship, accounting for 13% of total regional employment.
The largest shares were recorded in food product manufacturing (25%), furniture
manufacturing (23%), and the rubber and plastic products manufacturing (12%;
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Table 3). In contrast, employment in sectors such as leather production (0.5%),
pharmaceuticals (1.3%), and R&D in the natural and technical sciences (1.5%)
remained relatively low. i

Table 3. Average employment in the bioeconomy*

Activity Average employment Share [%]

Agricultural crops, animal breeding and husbandry, hunting,
. . . o 9208 4.6
including service activities
Forestry and timber harvesting 3054 1.5
Food production 50333 24.9
Beverage production 5683 2.8
Textile production 9357 4.6
Clothing production 3980 2.0
Production of leather and leather products 968 0.5
Manufacture of products of wood and cork, except furniture;

. - . 16 574 8.2
manufacture of articles of straw and plaiting materials
Production of paper and paper products 11773 5.8
Production of chemicals and chemical products 7 510 3.7
Production of basic pharmaceutical substances and medicines

. 2 544 1.3

and other pharmaceutical products
Production of rubber and plastic products 24 683 12.2
Furniture production 47 346 23.4
Generation, transmission, distribution and trade of electricity 6 108 3.0
Scientific R&D work in the field of natural and technical 5958 15
sciences ’
All 202 079 100.0

* for entities with more than 9 employees; data for the fisheries sector and tobacco product manufac-
turing are not available due to statistical confidentiality.
Source: CSO Poznan, based on form Z-06 (2022).

An important indicator of bioeconomy development is the number of organic
producers and the area of organic farmland. Since 2019, the region has recorded
an increase in organic farms alongside a decline in certified farms, likely reflecting
stricter EU quality requirements. In 2022, there were 1 075 organic producers in
the region (approximately 5% of the national total). At the same time, 585 certi-
fied organic farms operated on 22 026 ha, accounting for about 64% of the total
organic agricultural area.

Biotechnology

According to CSO '}, in 2022 there were 23 biotechnology enterprises operating in
the region, accounting for 12% of all such enterprises in Poland. Most employed
49 or fewer persons (16 firms), while seven employed 50 or more. " Biotechnolo-
gy enterprises in the Wielkopolskie voivodeship employed a total of 314 persons,
56% of whom were women, representing 7% of national employment in the sec-
tor i (Table 4).
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Table 4. Persons employed in biotechnology enterprises

Total Woman InR&D Share of persons employed [%]

Wielkopolskie voivodeship 314 175 195 7.3
Poland 4317 1967 2144 100.0

Source: based on CSO (2022).

Scientific units conducting R&D in biotechnology can be classified into gov-
ernment, higher education, and private non-profit sectors. The government sector
includes public administration units and state-controlled non-commercial insti-
tutions not classified as higher education. The higher education sector comprises
universities and technical higher education institutions providing post-secondary
education. The private non-profit sector includes non-market institutions operat-
ing for public benefit.

In 2022, a total of 10 scientific units conducting biotechnology R&D operated
in the Wielkopolskie voivodeship, compared to 110 nationwide. i Biotechnology
R&D activities are commonly classified into three categories: basic research, ap-
plied research, and development work. Basic research is undertaken to generate
new knowledge without immediate practical application, while applied research
is oriented towards specific practical uses. Development work focuses on gen-
erating knowledge and skills for the development or improvement of products,
processes, and services. i

In 2022, the Wielkopolskie voivodeship hosted 10 scientific units conducting
biotechnology R&D, all of which performed basic research. Development work
was carried out by three units, while applied research activities were conducted
by eight units. Altogether, 681 individuals were employed in biotechnology-relat-
ed R&D, with women accounting for 67% of the workforce (Table 5). Most em-
ployees held a doctoral degree (34%) or tertiary education qualifications (38%),
while 8,5% has a professorial title. i

Table 5. Persons employed in R&D in biotechnology in scientific units

Total Woman Share of persons employed [%]
Wielkopolskie voivodeship 681 459 10.8
Poland 6275 4085 100.0

Source: based on CSO and Local Data Bank (2022).

Internal R&D expenditure is an important indicator in the analysis of the
biotechnology sector and refers to all R&D spending carried out by a given sta-
tistical unit, regardless of funding source. In 2022, internal R&D expenditure on
biotechnology in enterprises located in Wielkopolskie voivodeship amounted to
approximately PLN 39.5 million, compared to PLN 604 million at the national
level. ¥ This represented 22% of total internal R&D expenditure in biotechnolo-
gy enterprises in the region (PLN 177 million). In scientific units, internal R&D
expenditure on biotechnology in the region totalled approximately PLN 75 mil-
lion, representing around 9% of national expenditure. "
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The main areas of activity in biotechnology indicated by scientific units were
health care (6 units), non-genetically modified agricultural biotechnology (6
units), health care without using rDNA technology (5 units), environment (5
units) and bioinformatics (4 units). 1

Bioenergy

The generation of electricity from renewable sources is important for environ-
mental protection and energy security. Key policy priorities include increasing re-
newable energy production, supporting technological innovation, and strength-
ening energy supply security (Bachanek et al. 2025). In 2022, total installed RES
capacity in Poland amounted to 14,180.043 MW, dominated by wind energy
(58%), followed by solar (22%), biomass (10%), hydropower (7%), and biogas
(2%). v In the Wielkopolskie voivodeship, total installed RES capacity reached
approximately 1,818.804 MW, with wind energy accounting for 56%, solar for
27%, and biomass for 13%. ¥

In 2022, a total of 792 RES installations operated in Wielkopolskie voivode-
ship, representing a 36% increase compared to the previous year (Table 6). The
dominant technologies were solar installations (57%) and wind installations
(35%). About 20% of all wind installations and 14% of solar installations in Po-
land were located in the region. v

Table 6. The number of RES installations in the Wielkopolskie voivodeship

Type of installations 2021 2022
using biogas 33 35
using biomass 4 5
waste thermal treatment plant 2 2
using solar energy 250 452
using wind energy 252 273
using hydropower 39 25

using the technology of co-firing biomass, biogas or bioliquids with other fuels
(fossil fuels and biomass/biogas/bioliquids)

All 580 792

no data no data

Source: Energy Regulatory Office (2021-2022).

Considering the spatial distribution, the highest numbers of installations was
recorded in Gniezno County and Konin County (53 each; Fig. 1). The highest in-
stalled capacity was observed in the city of Konin (177.892 MW) and in Chodziez
(138.302 MW), Wagrowiec (132.951 MW), Turek (122.901 MW), and Konin
counties (110.042 MW). Notably, 87% of capacity in Chodziez County was gen-
erated by a single wind installation in Margonin, while in Poznan biomass and
thermal waste treatment installations accounted for 74% of installed capacity. ¥

In 2022, there were 35 biogas and 5 biomass installations operating in
Wielkopolskie voivideship, accounting for 9% and 11% of all such installations
in Poland, respectively. The region has substantial biomass potential, due to its
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Fig. 1. Number of RESs installations and their installed capacity by Counties in the Wiel-
kopolskie voivodeship in 2022
Source: Energy Regulatory Office (2022).

geographical conditions, particularly the large share of forested and agricultural
land. Biogas and biomass therefore play a significant role in the development of
the regional bioeconomy. According to data from the National Support Centre
for Agriculture, 25 agricultural biogas plants operated in the region in 2022. The
highest installed capacities were recorded for Group AWW sp. z 0.0. (3.500 MW)
and Cychry Biogas Power Plant (2.134 MW). "

The region, with a high share of weather-dependent renewable energy sourc-
es, has significant potential for hydrogen production from surplus electricity
generated by photovoltaic and wind installations. In 2023, the Marshal’s Office
developed a regional strategy outlining objectives for hydrogen infrastructure
development. The region has also joined Hydrogen Europe, a key European net-
work in the field of hydrogen and fuel cell technologies, and strengthened inter-
national cooperation, including the designation of Wielkopolskie voivodeship as
a hydrogen valley (Strategy 2023).

Biomass potential

The level and structure of biomass production in Poland are determined by nat-
ural, organizational, and economic conditions. Crop production is a key sector of
Polish agriculture, accounting for 34.3% of market-oriented agricultural output
in 2022. ' According to the 2020 Agricultural Census, total agricultural land in
Wielkopolskie voivodeship amounted to 1.776 million ha, representing 12% of
Poland’s total agricultural area. ** Agricultural land is predominantly held by in-
dividual farms, which accounted for approximately 91% of this production factor
in Poland and 86% in Wielkopolskie voivodeship.
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Of particular importance for biomass utilization potential is the share of fal-
low and idle land in the land-use structure. At the national level, such land ac-
counted for 1.2% of total agricultural area, compared to 0.6% in the Wielkopol-
skie voivodeship (Table 7; Statistical Yearbook of the Regions 2022). Agriculture
is the main source of both primary and secondary raw materials used in the bio-
economy (Chytek et al. 2017). Biomass production in agriculture is characterized
by temporal and spatial variability in cropping patterns and yields.

Table 7. Agricultural land area by type of land in 2020

Agricultural land in good agricultural condition

Permanent

5 2
3 o g crops g 2 ‘s“ 2 2
S = = -~ N ) ) S 5 <
= = E 3 o o e g2 £
3 = = = 2 S £q =
g < § g = &°
s K
in thousand ha
Poland 14952.9 14754.9 10961.8 187.8 380.1 355.7 22.3 2788.1 414.7 198.0
Wielkopolskie 1770 o 17645 14958 112 178 157 1 2203 184 124
voivodeship
in %
Poland 743 12 2.6 02 189 28
Wielkopolskie 847 06 1.0 005 125 1.0
voivodeship

Source: own study based on data from the Agricultural Census (2020).

In 2021, the cropping structure in Wielkopolskie voivodeship was dominated
by cereals (52%), maize (13%), and oilseed rape and turnip rape (7%). Within
cereals, wheat accounted for 32% of the sown area, followed by triticale (28%)
and rye (18%) (Statistical Yearbook of the Regions 2022). The region also record-
ed the largest national sown area of cereals, grain maize, potatoes, and sugar beet
(Statistical Yearbook of the Regions 2022).

The main sources of biomass from crop production include cereal grain and
straw, rapeseed and turnip rape seeds and straw, maize and sorghum (green bio-
mass), sugar beet, potato, dedicated energy crops, hay from permanent meadows
and pastures, by-products of crop production (e.g. sugar beet leaves), and wood
waste from pruning and the removal of permanent plantations (orchards and ber-
ry shrubs) (Chytek et al. 2017, Statistical Yearbook of the Regions 2022). In the
Wielkopolskie voivodeship, cereal yields reached 50.6 dt/ha and were among the
highest in Poland. Maize grain yields were below the national average at 73.4 dt/
ha, while high yields were recorded for meadow hay (65.5 dt/ha). Biomass and
biogas potential are presented in Figures 2 and 3.

In 2020, straw accounted for the largest share of solid biomass potential in
the Wielkopolskie voivodeship (approximately 80%), followed by wood derived
from pre-commercial thinning and silvicultural operations — pruning (about
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0.5%
B waste wood

M pruning
W orchards
@ straw

O energy crops

Fig. 2. Structure of the solid biomass poten-
tial (at 0% moisture content)
Source: own study based on CSO (2020).

10%). According to the Biomass in
Poland report (2023), national straw
potential exceeded 34 million tonnes,
of which only around 30% was used
for livestock purposes, while the re-
mainder was available for soil fertil-
isation and energy production. The
largest biomass resources were con-
centrated in western and northern
Poland, including the Wielkopolsk-
ie, Lubuskie, Zachodniopomorskie
and Dolnoélaskie voivodeships. The
second most important source of ag-
ricultural biomass in the region was

waste wood, with an estimated energy potential of 7.7 PJ per year (Biomass in
Poland Report 2023). The third key source comprises perennial energy crops,
particularly short-rotation coppice plantations of willow and poplar, which cov-

ered 526.6 ha in the region.

In 2020, biogas potential in the Wielkopolskie voivodeship was primarily
derived from natural fertilizers and biodegradable waste. Natural fertilizers ac-
counted for 65-68% of the potential, depending on yield assumptions. Bovine
animal manure constituted the dominant part of the biogas potential, contrib-
uting over 37% under higher yield estimated and more than 44% under lower

estimates (Fig. 3).!

B wastewater treatment plants O biodegradable waste @ natural fertilizers
Obovine animals M poultry W horses
B sheep M pigs

Fig. 3. Structure of the biogas potential (upper biogas yield)

Source: own study based on CSO (2020).
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Discussion and conclusions

The development of the bioeconomy in the Wielkopolskie voivodeship reflects
structural characteristics that are common to Poland and other Central and East-
ern European (CEE) countries, where bioeconomy activities remain strongly
rooted in traditional sectors such as agriculture, forestry, and food processing. In
region, the bioeconomy accounted for approximately 7% of all economic entities
and was dominated by agriculture, forestry, fisheries, and industrial processing,
mainly in the wood-furniture and food sectors. This indicates strong reliance
on natural resources and regionally-based production systems. The sector also
employed around 13% of the regional workforce, with employment concentrated
in food production, furniture manufacturing, and rubber and plastics products.
However, R&D activities and advanced biotechnology production remain limit-
ed, suggesting that the regional bioeconomy is still largely in a traditional, re-
source-based development phase.

While these results provide a snapshot of the scale and structure of the re-
gional bioeconomy, they also highlight the need for more refined tools and frame-
works to systematically assess its development. Employment and value added
indicators alone are insufficient to capture the complexity of bioeconomy growth,
particularly given the diversity of regional and national approaches. Previous
studies emphasized the need for improved methodologies, indicator systems,
and monitoring frameworks that reflect the heterogeneous nature of bioeconomy
(O’Brien et al. 2017, Ferreira et al. 2022). Similar concerns have been raised re-
garding the lack of systematic analytical approaches and insufficient monitoring
and evaluation of bioeconomy development pathways (D’Adamo et al. 2020, Wei
et al. 2022).

According to Wozniak-Gientka (2025), in the Wielkopolskie voivodeship,
there are currently no plans to develop a separate bioeconomy development
strategy. However, this may change following the adoption of relevant legal acts
or policy guidelines at the European or national level. Figure 4 presents key ele-
ments of a successful regional bioeconomy pathway. Assessing bioeconomy po-
tential is a crucial starting point for strategy development. The introduction of
a bioeconomy strategy can enhance regional competitiveness and improve access
to financing, while the adoption of good practices from other regions supports
policy learning and reduces implementation risks. Bioeconomy in the region is
still largely based on primary biomass production and conventional processing
activities. While this reflects the strong agricultural profile of the region, it also
highlights the need for structural transformation toward more knowledge-inten-
sive and higher value-added activities. In this context, the role of R&D, biotech-
nology and human capital becomes particularly important. Both institutional and
economic barriers may hinder the development of a more advanced bioeconomy
in the Wielkopolska region. Institutional challenges include, for instance, the
lack of a comprehensive regional monitoring system for the bioeconomy, insuffi-
cient public and business awareness of emerging bio-based technologies, short-
ages of highly qualified personnel capable of supporting the development and
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deployment of innovative bioeconomy solutions, etc. Furthermore, weak cooper-
ation among stakeholders and significant development gaps between the Poznan
metropolitan area and other parts of the region may limit knowledge transfer
and innovation diffusion. Economic barriers include, for instance, relatively low
expenditure on R&D activities, a low share of innovative enterprises, the lim-
ited commercialization of new technologies, etc. These factors may hinder in-
vestment in high-value-added bio-based industries and slow the transition from
a resource-based bioeconomy towards a more knowledge-intensive and innova-
tion-driven model.
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Fig. 4. Elements of successful bioeconomy pathways in regions
Source: own study based on Wozniak-Gientka (2025) and Briers et al. (2026).

The development of the bioeconomy is closely linked to the institutional and
policy environment. Strategic planning, coordinated policy support, and effec-
tive monitoring mechanisms are essential for guiding sectoral transformation.
Strengthening cooperation among regional stakeholders, including public insti-
tutions, research organizations, and businesses, may further support integrated
bioeconomy initiatives. In particular, supporting biotechnology development, at-
tracting investment, and fostering collaboration between science and industry
may play a key role in unlocking the regional bioeconomy potential.

Further research is needed to better understand regional bioeconomy process-
es. Effective bioeconomy development requires not only technological innovation
and resource availability, but also strong stakeholder cooperation, transparent
governance, and social acceptance of bio-based solutions and biotechnological
innovations. Research on stakeholder cooperation and public perception in the
bioeconomy remains challenging due to the complexity of interactions between
actors, differing interests, and the multidimensional nature of social attitudes;
therefore, further research is needed.
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Rozw¢j regionalnej biogospodarki w Polsce — studium przypadku
wojewddztwa wielkopolskiego

Zarys tresci: W artykule poddano analizie ekonomiczne i $rodowiskowe uwarunkowania rozwoju
biogospodarki w wojewodztwie wielkopolskim. Wykorzystujac podejscie studium przypadku oraz
analiz¢ wskaznikows, okreslono strukture sektoréw biogospodarki, zatrudnienie oraz potencjal bio-
masy. Wyniki wskazuja, ze regionalna biogospodarka stanowi istotny, cho¢ strukturalnie tradycyjny
segment gospodarki regionu, zdominowany przez rolnictwo, przemyst spozywczy oraz sektory oparte
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na wykorzystaniu drewna, przy ograniczonym udziale dzialalno$ci badawczo-rozwojowej i zaawan-
sowanej biotechnologii. Badanie wnosi wklad do literatury dotyczacej rozwoju regionalnej biogospo-
darki, podkreslajac role struktur gospodarczych, innowacji oraz zasobéw w ksztattowaniu $ciezek jej
rozwoju.
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