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ABSTRACT

This paper aims to offer actionab,

tional and local policies and documents were
ient availability of Strumica region as a case study.

include research on biomass utilization, policy support for modernization,
osting practices, and collaboration with regional platforms.

onomy, Biomass Availability, Primary and Secondary Residues, Nutrient Management,
Composting, Strumica Region.
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INTRODUCTION

The shift toward a bio-based economy is crucial for achieving sustainability objectives, as
it involves substituting fossil fuels with renewable resources like biomass [1]. As a renewable
energy source, biomass has garnered attention for its role in reducing greenhouse gas emissions
and minimizing waste, thereby supporting environmental sustainability [2]. Agricultural, forest
residues, food waste, and industrial by-products hold particular importance within bioeconomy
strategies, as they contribute to both circular economy principles and energy generation goals
[3], [4]. The European Union (EU) has established itself as a leader in advancing bio-based
economies, incorporating these strategies into broader initiatives such as the Green Deal and
the Circular Economy Action Plan [5]. These efforts aim to maximize natural gesource
efficiency, minimize ecological harm, and stimulate local economic growth. A crig#€al aspect
of the EU's bioeconomy strategy involves reusing agricultural waste, whi
potential to improve soil health, enhance crop yields, and reduce depende
fertilizers. However, researchers argue that successful implementatigg
strategies requires effective policies, advanced technologies, 3 Staldholder
participation, all of which differ across European regions [6].

The modern bloeconomy mtegrates Varlous plllars and alms to

2 notable potential to
glaying a crucial role in

waste, including crop residues, animal residues, gaifgwast@rom the distribution and processing
of agricultural products, is estimated to b illion tons, with organic waste
ral waste, such as compost for soil

gas emissions and balancing the car
The transition to a bio-bas
sustainable resource manage resgboth economic and environmental challenges.
Current dependence on mig reatens food security and exacerbates climate
change, highlighting the proved nutrient use efficiency and reduced losses
to support a circular e
However, the b
government in md™stry, environmental organizations, and civil society-all
contributing y supply chain. Recently, at the European level there has been a
growing inf€re reness among stakeholders. Yet, challenges persist in regulatory
I apacity, commercialization, and industry standards, underscoring the
research, commercialization strategies, and education to drive the
or forward [12], as well as for establishing standardized guidelines for bio-
ts for fostering market trust and improving the competitiveness of bio-based
91.
challenges arise in the development of the bioeconomy in North Macedonia,
particularly due to the absence of a dedicated Bioeconomy Strategy, and the county’s primary
focus on decarbonizing the energy sector [13], [14] and expanding renewables [15], [16]. Also,
the existing strategies often fail to address key metrics such as resource scarcity, underscoring
the need for frameworks that balance innovation with environmental and social considerations.
On a national scale, agriculture is an important economic segment, employing 13.9% of the
active population, with crop production engaging over 50% of agricultural workers.
Nevertheless, the sector faces numerous challenges. such as climate change and ageing
workforce, with a mere 4% of agricultural holders under the age of 35. Educational attainment



within the sector varies, with a significant portion having completed only secondary or primary
schooling, which contributes to the low level of resilience of the agriculture sector [18].

While national-level efforts for bioeconomy development are emerging, the Strumica
region has positioned itself as a frontrunner in the bioeconomy-driven rural development,
having mapped and quantified biomass availability from primary and secondary agricultural
residues.

Situated in the southeastern part of North Macedonia, the Strumica region, located, stands
as a prominent agricultural stream within the country. With its 321.9 km? and strategic
proximity to two EU member countries, it holds an important position for sustainable

reinforcing its importance in the national agricultural sector [17].
Furthermore, with a population of 49,555 inhabitants, Strumica enjo

development'. It ranks among the top municipalities in the Live
(LVI), reflecting its strong adaptive capacity while considgring

respectively Moreover with around 10% share for the ] , the region has several
including canned vegetables,
meat, and tobacco, further boosting its econo

Despite its strengths, Strumica region sf
depopulation, and a lack of agrlcultura
sectors competitiveness and produc j

pertise. These hurdles hamper the
in light of emerging climate change

essential for soil fertg
Additionally, the
findings, and the
insights to g

with EU sta@dards a

1ta region towards sustarnable agricultural development, aligned
#ilience to future challenges.

LI VIEW

rature review examines existing research on biomass and nutrient availability,
regional challenges, and policy measures promoting sustainable bioeconomy practices. It
provides a critical analysis of relevant studies published in peer-reviewed journals, focusing on
methodologies used to assess biomass potential, nutrient management strategies, and policy
frameworks for regional sustainability. Additionally, it contextualizes Strumica’s regional
bioeconomy within broader EU policies relevant to North Macedonia, drawing on comparative
studies to highlight best practices and potential policy alignments.

Agriculturally rich regions like Strumica in North Macedonia are well-suited for bio-based
initiatives. Organic materials, including food waste and agricultural residues, can be converted
into valuable products that align with resource efficiency and sustainability goals [21], [22].

'8SO: Census data 2021 - North Macedonia, link


https://makstat.stat.gov.mk/PXWeb/pxweb/en/MakStat/MakStat__Popisi__Popis2021__NaselenieSet/T1003P21.px/

Composting is a cost-effective method for managing organic waste, as it degrades various
biodegradable materials such as agricultural residues, food waste, and urban solid waste while
contributing essential nutrients to the soil [23]. Despite this potential, challenges such as
inadequate infrastructure, inconsistent policy support, and limited awareness among farmers
have hindered adoption in parts of Southeast Europe. It is important to stress the importance of
localized bio-based value chains, showing that regional systems focused on composting and
nutrient recycling can improve resource efficiency and support sustainable agriculture [24].
Composting, in particular, is gaining traction as it reduces waste, cuts methane emissions, and
enriches soil with organic matter, making it a valuable practice for circular bioeconomies [25].
To foster a circular economy in line with compost quality assessment, a deep understanding of

to reduce the use of chemical fertilizers, alternatives like compost
environmentally friendly ways to boost soil fertility [28] Fa

for the fates of key nutrients-C, N, P, and K-to eghance Mdictive accuracy and optimize
compost application in agriculture [26]. Recycling ugh composting is particularly

effective for creating a more balanced agric stem [29]. Biomass potential and
utilization have gained increasing attentio ch, particularly in the context of
energy applications and circular econo iti . Sgudies indicate a sharp rise in biomass-
related research, especially after 2012 gl i ontributions from countries like China,

India, the USA, Germany, and the U
chN\gnder§cores the importance of optimizing biomass
g, for improved resource efficiency and
ircularity in bio-based systems requires localized
arket access, and education for stakeholders [31].

utilization strategies, includi
sustainability [30]. Howe
strategies that integrate

y of data sources and reports to analyze biomass potential, waste
ental conditions in the Strumica region and broader areas of North

vigved for the purposes of conducting this paper. Key documents such as
re detailing biomass status quo, local waste management strategies, and

eports on agricultural areas, crop production, and forestry by municipalities,
the State Statistical Office (SSO). Studies on composting potentials, fertilizer use,
and agricultural by-products further inform the analysis. Complementing these sources are
reports on waste categories, food losses, and regional studies on agricultural residues. Notable
documents include [32] and [33] providing information on the composting and crop residues
for the Strumica region and broader. The integration of these diverse data points enables a
thorough assessment of environmental and agricultural practices, contributing to an in-depth
understanding of biomass availability, waste management and sustainability efforts in the
region.

Furthermore, this paper employs a two-tiered approach to assess biomass availability,
moreover primary agricultural and forestry residues alongside secondary residues from



processing industries. Additionally, it investigates nutrient availability to provide
comprehensive insights into the potential for sustainable bio-based value chains. The above-
mentioned materials provide the overview on the primary agricultural residues, representing
the demand, whereas the secondary agricultural residues assessment was obtained through a
comprehensive questionnaire, representing the supply. This demand/supply mapping offers a
holistic overview of the resources available for developing bio-based initiatives. To closely
understand the actual situation regarding biowaste generated by key industries, a questionnaire
was created and shared with industry and business sector in Strumica region. The survey
included 10 questions focused on the company’s operations, the types of waste produced, and
the management of that waste, such as:

e Name of factory/industry/enterprise

e Activity (Canning of vegetables and fruits, Meat processing,
(non)alcoholic beverages, Dairy processing, Oil processing, Tobacco

D Ry and
fermentation, Milling and baking industry, small production facg ‘% ts and

similar products, Wood processing industry or Other)
e Type of enterprise (micro, small, medium or large)
e What kind and how many residues are produced by

e What is the quality of the residues from productio sshg?

¢ Are you currently using the residues from
for what purpose.

lon/piygcessing? If yes, please specify

e Do you dispose of residues with biffog1 riginWif so, where?

e [s there organized collection h wate ard is it charged?

e Do factories receive a f%ﬁrgues, or do they have to pay to be collected? At
what price?

e I[s there current tigPtor waste management?

itialye for handling bio-waste, e.g., organized collection of this

tion sectors. The responses were collected, cleaned, and analyzed using
qualitative methods. Descriptive statistical analysis was employed to
nd patterns in waste generation, management, and utilization practices.
ualitative responses were examined to extract insights into industry perceptions

provides a comprehensive understanding of biomass residue availability and waste
management challenges, facilitating informed decision-making for sustainable resource
utilization in the region.

RESULTS AND DISCUSSION

The Strumica region is strategically focusing on enhancing a single value chain centered
around composting. This initiative entails a thorough exploration of various biomass streams
suitable for composting, including their availability, quality, and spatial distribution.



Additionally, the region is considering another potential value chain that involves the
production of packaging and insulation materials from agricultural residues and mycelium.

A significant portion of agricultural residues and biodegradable waste from processing
industries currently ends up in non-standard landfills, amounting to approximately 22,000 tons
annually [34]. However, by repurposing these materials for compost production, the region
aims to mitigate waste accumulation and reduce methane emissions from landfills. Composting
not only addresses environmental concerns and reduces the waste quantity that ends up in
landfills, but also enhances soil health, reduces erosion, conserves water, and minimizes
household food waste. The initial focus of this paper is on agricultural residues and

can be gathered, despite the challenges posed by the lack of a regional bio-
system.

On the output side, the composting value chain presents opportunitg
such as collecting agricultural residues from local farmers for use in a nea
plant, with a capacity of up to 2MW, generates energy and also pro
benefiting other farmers in the region *.

Another potential bio-based value chain under considey
packaging and insulation materials. These innovative prgeict &g rcgional agricultural

d®rability, and flexibility.
oenerating no wastewater and

vanced bio-based products.
cial for improving soil fertility and
ility to retain and deliver essential

In the context of composting, nutrie
supporting plant growth. Compost
nutrients, such as nitrogen (N), pho
essential for successful composting processes.
, sulfur (S), calcium (Ca), and trace elements
influence cell metabolism

The benefits of recygli le residues extend beyond waste reduction, aligning
with sustainable and such as cleaner production, zero-waste, and a bio-based
economy. By imp ®value chains, the Strumica region aims to foster economic
growth, environfienta ardship, and social well-being while contributing to regional and
global sustajgmalei [y goa

Assessm ry agricultural and forestry residue biomass availability
biomass availability in Strumica region involves a comprehensive review
dat cal;¥egional, and national levels. Various aspects such as agricultural and forest areas,
crOp prodcton, waste generation, and municipal biowaste are analyzed to identify the potential
for b d solutions. The data presented in figures and tables provide a detailed overview of

the biomass resources available in the region.

Agricultural Area and Crop Production. The assessment begins with an examination of the
agricultural area in Strumica. Figure 1 illustrates the distribution of agricultural land by
category of use, highlighting cultivated areas, meadows, vineyards, and orchards. The data
from the MAKStat database from 2022 reveal that out of 23,646 hectares of agricultural land,
8,137 hectares are cultivated, primarily comprising arable land and gardens.

! Feroinvest: Saramzalino biogas power plant, link


https://feroinvest.mk/mk/biogas-power-plants-mk/
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Figure 1. Agricultural area by category of use

Source: MAKStat database

Further analysis focuses into the production of principal agricult
forage crops, vegetables, and fruits. Figure 2 and Figure 3 provide

harvested areas, total production, and yield of various crops,

highest-yielding forage crop, while cucumbers, tomatoes
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e sown and

production.
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Figure 3. Grain and forage crops and vegetables yields

Source: MAKStat database
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In fruit production, apples lead in the number of fruit-bearing trees and total production, as
shown in Figure 4.
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Figure 4. Production of fruit
Source: MAKStat database
Although wine production isn't Strumica's main focus, iomstill boasts a considerable
output, making it a category worth monitoring. e harvested area totalled 170

hectares, with total number of vines and beari
respectively. The total production reacheg

ng for 946,000 and 914,000,
, averaging 34,001 kg/hectare,

Forest Residues. The assessmen
resource. Figure 5 presents an ovegyi
totalling 142,739 hectares 1
Additionally, afforestation ¢

orest residues as a potential biomass
t area by tree types in the South-East region,
road-leaved species being most represented.
lled timber residues are outlined, indicating the

Q o-lea¥lg i 94,578

Oaks (all)
Chestnuts

42,459

O roackleaved species
er soft broad-leaved species
Coniferous species

Spruce

Fir

Black pine

Scots pine

Other conifers

Mixed forests

Degraded forests

Figure 5. Forest area by type in South-east region

Source: MAKStat database

Municipal Biowaste. Another important aspect of biomass availability is municipal
biowaste from households and the commercial sector. Figure 6 illustrates waste generation by

$ SSO: Area and production of vineyards, link

Journal of Sustainable Development of Energy, Water and Environment Systems 8


https://makstat.stat.gov.mk/PXWeb/pxweb/en/MakStat/MakStat__Zemjodelstvo__RastitelnoProizvodstvo/525_RastPr_Op_OvoskiNtes13_ml.px/
https://makstat.stat.gov.mk/PXWeb/pxweb/mk/MakStat/MakStat__Zemjodelstvo__Sumarstvo/140_Sumar_Reg_Povrshina_Podshuma_Vidovi_god_ml.px
https://makstat.stat.gov.mk/PXWeb/pxweb/en/MakStat/MakStat__Zemjodelstvo__RastitelnoProizvodstvo/625_RastPro_Op_14_Lozja_ml.px/

Mihajloska, E., Zdraveva, P., et al. Year 2025
Unlocking Bio-Based Potential: Assessing Biomass and... Volume 13, Issue 2, 1130562

categories in tonnes on a national level for 2020, with households being the primary
contributors.

180,000 ~
160,000 A
140,000 -

160,232

120,000 A
100,000 A
80,000 4 71,966
60,000 -
41,288
40,000 A

20,000 - 9,418 15,581

1,361 4,255 2,46

Paper and Wood wastes  Animal Vegetal Household Sorting Common ils
cardboard and mixed wastes and similar residues sludges
wastes food waste wastes

Figure 6. Amount of waste, by waste categories

Source: MAKStat database

Focusing specifically on municipal waste in the South-Eastigoi8 provides data
on waste fractions in Strumica, highlighting the significant p waste [32].

Nonmetals
Hygienic

Inert

- Hazardous waste

10% Other

of mtiicipal waste divided by fractions (in tonnes / year)

sent§the sown area of various crops and potential organic residues quantities,
igfo the amount of waste generated by different crop types. Largest potential

1. Sown area of agricultural crops and potential organic residues quantities in Strumica

Agricultural Sown area (ha) Organic residues (t)
Ccrops
Cereals 2383 4766
Garden crops 1640 3280
Fodder crops 480 960
Industrial crops 580 1160
Oil crops 38 76

Fruit crops 120 240

Journal of Sustainable Development of Energy, Water and Environment Systems 9


https://makstat.stat.gov.mk/PXWeb/pxweb/mk/MakStat/MakStat__ZivotnaSredina/675_ZivSr_nac_otp_kategorii_ml.px/

Vine crops 137 274

Table 2 estimates bio-waste production by considering waste percentages based on
production levels and post-harvest handling and storage [35]. The amount of waste from fruits
and vegetables production is dominant, amounting to more than 35.000 tonnes annually.

Table 2. Estimate of bio-waste production

Assumed percentage Total production Estimate
of waste (production + (tonnes)
handling and storage)

Cereals (wheat, barley, oats, 2% + 4% 7429
maize)

Roots and tubers (potatoes and 20% + 9% 5942
potatoes —interfiled)

Fruit and vegetables (onion, 20% + 5% %
garlic, beans-single maincrop,
peas-grain, lentil, cabbage,

tomatoes, peppers, cucumbers,
melons and watermelons,
cherries, sour cherries, apricots,
quinces, apples, pears, plums,
peaches, walnuts, almonds)

The assessment also touches
municipality is in the process of esta
beginning with plastic separati
for accurate data gathering a management.

Overall, the assessme ilability in Strumica underscores the diverse range
of biomass resources region, including agricultural, forest residues, and

w. gement initiatives in Strumica. The
ishing a e selection system for the residential sector,
e lack of biowaste separation poses challenges

Organic Waste Qutput in Processing Industries

the biomass availability from secondary residues within processing industries
region illustrate the obstacles, aforementioned in the introduction of this paper,
encountered in waste management. A questionnaire distributed to 16 most relevant subjects
(industries, companies and the vocational high school for agriculture in Strumica, which stands
out as the only institution of its kind in the region), provided valuable insights into the types
and quantities of waste generated, as well as existing waste management practices. The
distribution reveals that 53% of the entities are small-scale, 33% are medium-sized, while
micro and large-scale entities each account for 7%.

Among the surveyed industries, a diverse range of sectors was represented, including
canned vegetables and fruits, wood processing, beverage production, meat processing, and milk
processing. The majority of these enterprises classified their waste into various categories, with
a notable portion generating biowaste such as vegetable and fruit residues, gardening and plant




residues, and residues from the refining processes. Additionally, mixed waste types, including
cardboard packaging, plastic packaging, and non-compliant milk, were reported. The
geographic distribution of the surveyed processing industries in the Strumica region is
illustrated in Figure 8, providing a visual representation of the locations of the interviewed
entities.

o

reported not benefiting from their r

purposes, secondary product p setling it to specialized waste management

companies. However, some i i sized to take into account the environmental
impact of the waste they p proyiding biowaste to local farmers or repurposing it for
composting, thereby contr gional bioeconomy development.

The current wast Btatus quo in Strumica reveals a lack of full compliance
with regulatory fta N plans at the national and regional levels. While larger
industries colleq g QO te in separate containers for removal by public waste
managemen verall control and enforcement of waste management practices
are deemed@nsuffiche approximately 60% of the stakeholders surveyed.

prations also play a role in waste management, with industries being
#¥posal services depending on the waste type. However, there are instances

mandgemgnt practices.

Thedings from the survey underscore the need for enhanced waste management control
and regulatory compliance in Strumica. Encouragingly, nearly 80% of surveyed industries
expressed interest in participating in activities related to bio-waste management, highlighting
a willingness to engage in innovative solutions for waste reduction and resource optimization.

The assessment of biomass availability from secondary residues in processing industries
provides valuable overview into the current state of waste management practices in Strumica.
By addressing regulatory gaps, enhancing waste management control, and leveraging
initiatives like the SCALE-UP project, Strumica can move towards in a more sustainable and
efficient path, maximizing the potential of biomass resources for economic and environmental
benefits.



Availability of nutrient in fertilizers and compost

In general, the availability of nutrients in fertilizers and compost plays a crucial role in
supporting soil health and productivity and decreases the need for synthetic fertilizers, whose
prices have been steadily rising in recent years due to factors such as the war in Ukraine and
the energy crisis. Nutrients are categorized into primary macronutrients (nitrogen, phosphorus,
and potassium), secondary macronutrients (calcium, magnesium, and sulfur), and
micronutrients (chlorine, iron, boron, manganese, zinc, copper, nickel, and molybdenum).
Compost, a key component, contributes to soil improvement by enhancing its stggture and
facilitating nutrient absorption by plants. Although compost doesn't immediately en soil
with essential elements, it fosters a conducive environment for nutrient up ng to
improved soil balance.

Several factors influence the composting process of organic waste, 1 e size,
microorganisms, aeration, porosity, moisture content, temperature, pH va content,

and the absence of toxic substances. Optimal conditions for compog /N ratio of
25:1, appropriate levels of phosphorus and potassium, and a balas brown and green
mass components. Phosphorus, essential for cell growth affd ght, is the second
limiting nutrient for crops after nitrogen, while potassi

the context of regional agriculture.

A study within the Strumica Riy,
soil properties, including water-physical and ¢
carbonate. Bio-based and mineggltertMizers Were also explored, highlighting their role in soil
1 phosphorus, potassium, and organic nitrogen,
decomposes in the soil, cq tructure and nutrient content. Bio-based fertilizers,
such as farmyard manysg, 8 I
microbial decompost @ hig
properly chosen, gregn Tedt
kg K/ha into the §o &L

< : Table 3 . Green manure crops
% Crop Rooting Depth (cm)  Enrichment with N

introduce approximately 100 kg N/ha, 30 kg P/ha, and 130

(kg/ha)

Lupine 60-230 160-300
Peas 30-90 80-130
Beans 80-130 75-130
Red Clover 100-200 75-130

Alfalfa 200-300 290-390
Oats / 35-90
Mustard / 35-90

Mineral fertilizers contain biogenic elements categorized as simple and complex,
physiologically acidic, neutral, and alkaline. They are classified based on the active material
into nitrogen, phosphorus, and potassium, with common examples including calcium



ammonium nitrate, ammonium sulfate, ammonium nitrate, sodium nitrate, calcium nitrate,
urea, and calcium cyanamide for nitrogen fertilizers. Phosphorus fertilizers include
superphosphate, Thomas phosphate flour, and triple superphosphate, while potassium
fertilizers comprise potassium sulfate, potassium carbonate, and potassium chloride. Calcium
fertilizers like limestone, unquenched lime, and saturational manure are also widely used.

In 2021, North Macedonia recorded a fertilizer use of 50.5 kg per hectare of arable land,
significantly lower than the world average of 161.5 kg per hectare™. The price for imported
mineral fertilizer is 20 euros per 25 kg package, while locally produced bio-based fertilizer
from biowaste residues costs 15 euros per 25 kg package or even 10 euros
package " - ** . Therefore, locally produced bio-based fertilizer is codeffective,
environmentally friendly, and positively impacts climate change mitigatiq g
recommended to use these bio-based fertilizers instead of minerals ones, as t %

O |

and promote sustainability. By adopting locally sourced options, industig@
lower expenses for waste disposal, fostering a more eco-friendly and ecqj al ap
managing agricultural residues. This shift not only supports local ecgffomad a
waste management practices and reduces environmental impact.
A significant portion of agricultural residues and bio-wa D 3
Strumica ends up in landfills rather than being utilized for s@i on farmers' fields.
This highlights the need for enhanced utilization withs ioeconomy to better
gy poSitive examples related to
g composting efforts, financial

manage these resources. In the Strumica region, there are

health, and promote sustainable agricult
initiatives will not only benefit indi
sustainability and resilience of the lo@al agricu

As part of the SCALE-UP jecl, a st
successful waste management i

¥pporting and expanding composting
¥ but also contribute to the overall

visit was organized in Strumica to showcase
ily-owned composting plant in municipality of

The suc
research aified
macronutiy contgnt. By prioritizing research and implementing sustainable waste
s, Strumica can enhance its agricultural productivity and soil fertility.

ssment of biomass potential, demand-supply mapping and nutrient availability in
the agricultural sector of the Strumica region highlights both challenges and opportunities for
sustainable development. With an estimated biomass potential of 10,000 to 40,000 tons per
year of fresh material, the region possesses significant resources for bio-based initiatives and
economic growth. However, uncertainties persist regarding biomass utilization, with up to
22,000 tons annually being discarded.

A structured, holistic approach is essential to maximize biomass utilization. Table 4
summarizes key challenges and solutions, emphasizing improved knowledge sharing, policy
support for modernization, promotion of composting practices, and collaboration with regional

** The Global Economy, North Macedonia: Fertilizer use, link
T Eko Habitat: Bio-based fertilizer price, link
¥ Sinpeks: Mineral fertilizer price, link


https://www.theglobaleconomy.com/Macedonia/fertilizer_use/#:%7E:text=Fertilizer%20use%2C%20kg%20per%20hectare%20of%20arable%20land&text=The%20latest%20value%20from%202021,to%20compare%20trends%20over%20time
https://eco-habitat.mk/product/prirodno-gjubrivo/
https://www.sinpeks-shop.mk/index.php?pageid=a23&acckey=20S01000280&ident=004899

platforms. Strengthening local knowledge, assessing market potential, and analyzing the
feasibility of composting initiatives will enable stakeholders to better leverage available
resources. These efforts align with project activities, including training sessions, best practices
exchange, and enhancing the expertise of the vocational high school for agriculture through
student competitions. Additionally, advocating for policies that incentivize modernization and
sustainable farming practices is crucial. Active engagement from municipalities and farmers is
necessary, as demonstrated by the strong interest generated through the innovation challenge
and training sessions on the business aspects of biomass utilization.

Table 4. Key Challenges and Recommended Solutions for Biomass Utilization in the Strumica

Region
Identified Recommended Solution
Problem
High biomass Promote biomass utilization
potential through composting, bio-based
underutilized initiatives, and innovative projects.
Significant Encourage composting practices
biomass waste with pilot plants at household and
industrial levels.
Lack of farmer Organize training sessions, ers attend workshops
awareness of practical workshops, and awarenes n turMing leftover crops
biomass programs in collaboratio to compost.
utilization vocational schools.
Limited policy Advocate for polic Government offers tax
support for including tax bre breaks for farmers investing
modernization for compostingsd in composting equipment.
solutions.
Weak Farmers collaborate with a
collaboration university to research
among biomass utilization.
stakeholders
Limited ¢ agricultural high school Students compete in a
vocational : with student competitions science fair to develop

training in biomass-based innovations.

biomass

utilizgti

Lack o i Implement grants, subsidies, and Farmers receive subsidies

i tax benefits for bio-based for purchasing composting

su technologies and composting machines.

rmi equipment.

In nt waste  Engage public waste management  Municipality partners with

management enterprises in organic waste a waste company to

systems collection and processing. improve organic waste
collection.

Insufficient Introduce regulatory frameworks A wood processing factory

private sector and economic incentives for starts using waste materials

involvement industries (e.g., food & wood for biomass energy.

processing) to adopt bio-waste
solutions.




Missed economic  Develop business plans and A farmer creates a business
opportunities in support programs to commercialize  plan to sell compost made
bioeconomy bio-based innovations. from agricultural waste.

The promotion of composting practices, supported by pilot plants, can enhance sustainable
waste management practices at both household and industrial levels. Diverting organic waste
from landfills and encouraging compost use in agriculture can improve soil quality, reduce
reliance on mineral fertilizers, and enhance nutrient recycling. The municipality should take
the lead in establishing and supporting pilot plants, while companies can integrate composting
within their operations. The public waste management enterprise should also facilita#’ organic
waste collection and processing, ensuring an integrated approach to waste m ent.

Collaboration with regional platforms and participation in initiatives like E-UP
project further strengthens knowledge-sharing and partnership building. Notab UP
training sessions have already benefited 1,200 participants acro gions,
demonstrating their tangible impact. Inspired by successful mod daltfsia and
Sweden, the regional platform can serve as a powerful mechanism Swing inovation in
the bioeconomy sector.

Industry participation can be encouraged through tax incedg tory frameworks

and food processing
factories. National-level policy adjustments- such as &
economic development programs-could facilitate inC@itives, while municipalities can
advocate for their integration them into local was

incentives with environmental objecti
management practices and bio-base
environmental sustainability.
Unlocking Strumica’s full bj
on efficient biomass utilizati

assotentRl requires targeted training programs for farmers
pOstiffe techniques. Practical workshops, organized by
the vocational high schoo in collaboration with local extension services could
provide hands-on learnjpg ” Financial incentives-such as subsidies for composting
equipment or grants@ s-based technologies-would further encourage adoption of
sustainable praciipes
Forestry and W4
incentives
national
Envir;

arming practices and subsidies for bio-based innovations into
e involvement of the Ministry of Finance and the Ministry of
tial Planning could provide long-term support.

these measures, Strumica can advance sustainable waste management,
growth, and foster bio-based innovation, creating a resilient and resource-
Itural sector.
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