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PREFACE

Dear colleagues, experts, and friends of the WoodEMA international association,

We are pleased to present the book of proceedings from the 17t WoodEMA
international scientific conference ‘Green deal initiatives, sustainable management, market
demands, and new production perspectives in the forestry-based sector, held in Sofia,
Bulgaria, from May 15t to May 17, 2024.

The conference aimed to transfer knowledge and good practices from the field of
economics and management of the forest-based sector. Topics under consideration and
discussion are improving sustainability through new production perspectives; new market
trends, management practices and innovations; sustainable macroeconomic perspectives,
green deal and climate change initiatives; ESG reporting and auditing control; and sustainable
design and construction within the forest-based sector.

This year WoodEMA i.a. partnered with ET Rositza Georgieva — Danivers; Sofia
University St. Kliment Ohridski; Researchers' excellence network (RENET), Vilnius University,
Siauliy Akademija; International Business School, Bulgaria; Higher School of Insurance and
Finance (VUZF); and Refan, Bulgaria to organize the conference event. We would like to thank
Vellea Home/Furniture Videnov, Bulgaria for their cooperation and the opportunity to see good
practices from the Bulgarian furniture industry.

After the review process, the conference book of proceedings includes 59 scientific
articles authored by 109 scientists and experts representing 10 European countries. This book
includes five main axes of scientific papers which introduce readers to interdisciplinary and
various debates about conceptual ideas and approaches towards sustainable, innovative and
productive forestry-based sector.

WoodEMA 2024 international conference was conceived as a space for debate and
networking among academics, experts and professionals in the forestry and wood-based
industries. We are grateful to all authors and conference participants who presented their
analysis and points of view regarding important topics of the current market demands and
competitiveness, sustainability, as well as new perspectives, innovative ideas and new
approaches towards the successful and sustainable forest and wood-based sector.

We believe that the outcomes of the 17t International Scientific Conference
WoodEMA 2024 and the book of proceedings will be valuable in future work to all scientists,
teachers, experts, professional, and enthusiasts in the forest and wood-based sector.

Editors-in-chief,

Assis. prof. Daniela Ventsislavova Georgieva, PhD.
Assoc. prof. Andreja Pirc Bar¢i¢, PhD.
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SELECTED ECONOMIC AND HEALTH RISKS
IN THE PROCESS OF PRODUCTION AND STORAGE
OF BIOMASS FOR ENERGY PURPOSES

Milo§ Gejdo$, Marek Potkany

Abstract: The paper deals with the analysis of risks that arise in the process of production and storage
of forest biomass, which is used for the production of heat and electricity. The risks that can potentially
threaten human health and property due to the long-term storage of forest chips in large-capacity piles
in urban-type heating plants were analyzed, as well as the risks that arise in the harvesting process,
concentration, and chipping. The risk analysis was based on the collected data of the last 5 years. Data
collection was carried out continuously. The identification of health risks was carried out by an accredited
laboratory of the regional office of public health in the Slovak Republic. As a result of the identification of
risks, calculation models of potential economic damages caused as a result of occupational diseases
and property damage in various stages of the biomass production or storage process were established.
The obtained results provide information for the creation of optimization models within the production
and storage process, both for biomass producers and operators of urban heating plants.

Keywords: biomass, health risks, economic risks, biomass storage, wood chips, phytopathogens

1. INTRODUCTION

The European Union has prioritized renewable energy sources in the past decade, with a
target for these sources to cover 32% of final energy consumption by 2030. Among these
sources, biomass, including the biodegradable part of waste, stands out as a crucial
component, constituting 63.3% of total energy production from renewables in the EU (EU Audit
Team, 2018). Agriculture and forestry play a vital role in meeting these renewable energy goals.

As demands for the production volume and utilization of forest biomass continue to rise,
so do the requirements for ensuring technological, material, and personnel security. Beyond
the production potential of forest stands and the escalating need for their protection and
sustainable management, factors that will significantly influence the attainment of these goals
include the availability of a high-quality workforce and the requisite technologies. It is
noteworthy that there is a critical shortage of workers in the agriculture and forestry sector.
Moreover, these jobs are often perceived as risky and inadequately remunerated. Addressing
these labor challenges becomes imperative not only for meeting renewable energy targets but
also for sustaining a balanced and secure approach to biomass production.

The entire logistics chain, which includes the production, storage, and consumption of
forest biomass as an energy source, brings a whole spectrum of different risks and dangers
that can cause damage to health, endanger the lives of workers, as well as the risk of
deterioration or damage to property and equipment. Work in forestry is extremely demanding
from the point of view of minimizing the risk of occupational accidents and occupational
diseases, especially due to specific production and technical conditions, different levels of
mechanization of work and technologies and their state of wear, high degree of exertion in
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various weather conditions and neuropsychological burden on workers. Since 2008, the
number of employees of forestry enterprises in the Slovak Republic has decreased by more
than 15,000 (mainly in blue-collar professions). Most of these workers have moved to the
private sector, where the requirements for compliance with the rules of safety and health
protection at work are relativized and, unless there is serious damage to health, the workers
mostly avoid their records.

The aim of the work is the analysis and economic quantification of the risks that arise
especially during the long-term storage of forest chips, which in the long-term context can
become a serious problem for human health, especially from the point of view of the production
of phytopathogens and wood dust. This problem arises mainly because of the frequent
placement of stored piles of forest chips directly in the urban areas of villages and towns, often
close to human dwellings. Not only the workers who work and handle the wood chips are at
risk, but also the people living near the storage sites.

2. METHODOLOGY

The long-term monitoring initiative focuses on three urban heating plants situated in the
Banska Bystrica Self-Governing Region. These heating plants, all belonging to a single
company, utilize wood chips stored in large-capacity piles on-site to generate heat. Notably,
the plants are located in inner-city areas with inhabited buildings nearby. Sample collection for
the monitoring program occurred between 2019 and 2023, involving the extraction of five
samples from each heating plant—three from the surface of the piles and two from a depth of
0.5 meters. All collected samples underwent microbial analysis at the accredited laboratory of
the Regional Office of Public Health in Poprad to detect the presence of phytopathogens.

In parallel, a dust measurement was conducted in one of the heating plants during the
winter period in 2023. The CEM DT-9880 device was employed for dustiness measurement.
The assessment of dustiness in the environment aligns with Government Regulation no.
356/2006 Coll. and is evaluated as harmful to human health based on the technical guideline
value for the respirable component of wood dust, set at 3 mg.m3. However, there is currently
no guideline value in legislation for exposure to phytopathogens.

According to the World Health Organization (WHO) standard from 2021, healthy air is
defined as having an average daily concentration of PM2.5 dust particles not exceeding 15
pg.m (Pai et al., 2022).

From an economic perspective, the impact of the potential occurrence of occupational
diseases during the production and storage of biomass was assessed. The following were
identified as potential diseases that may arise in the logistical process of production and use of
biomass: Lung and respiratory tract cancer, Allergic diseases of the respiratory tract, Hearing
loss, Occupational deafness, Vibration disease, Diseases of bones, joints, tendons, and nerves
of the limbs due to long-term, excessive, and unilateral loads. For the economic classification
of these diseases, valid legislation was utilized (Act No. 437/2004 Coll., the database of the
National Center for Health Information — NCHI, regulations of the Social Insurance Company).
Laws 461/2003 and 311/2001 were used to implement legislative regulations that define
procedures and financial compensation for recognized occupational diseases. Information from
the Statistical Office of the Slovak Republic served as the input data for quantifying economic
risks. With the use of the markup, a calculation method was proposed a framework for allocating
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overhead costs, which also considered the risk of financial compensation for occupational
diseases. The relationship for difference determination of overhead cost surcharge - AOCS (1)
and general calculation formula was used in this study:

Dif ference in overhead costs by calculation risks

AOCS =

.100 (%) (1)

Allocation base

3. RESULTS
3.1. Identification of phytopathogens in urban-type heating plants

Table 1 provides an overview of the abundance of phytopathogen species observed
during sampling within the time interval of 2019-2023. On average, 6 to 7 types of
phytopathogens, molds, and yeasts were identified at individual storages in heating plants
throughout all monitored years. The majority of the identified species pose a potential risk to
human health if workers are exposed to them over an extended period. Among the most
frequently identified species were phytopathogens belonging to the genera Aspergillus sp.,
Penicillium sp., Mucor sp., and yeasts.

Table 1. Number of species of identified phytopathogens in 4 urban-type heating plants in

2019-2023

Storage Nr.1 Storage Nr.2 Storage Nr.3
Year (number of (number of (number of

ident. species) | identified species) | ident. species)
2019 7 6 8
2020 10 7 6
2021 5 6 5
2022 7 7 6
2023 6 5 5

7/?3;’3;;; Z‘:}Zgg’ Penicillium sp. | Aspergillus flavus | Aspergillus niger

Species of the genus Aspergillus sp. are known to cause serious respiratory diseases,
including respiratory and skin allergic diseases. One notable lung disease associated with
Aspergillus is Aspergillosis, which carries a 20% mortality rate (Gonzalez-Garcia et al., 2022).
Additionally, these species can induce carcinogenic diseases, particularly in individuals with
compromised immune systems. Fungi belonging to the genus Mucor sp. can lead to various
fungal diseases, such as mucormycosis, affecting the skin, respiratory system, and organs of
vision (Steinbrink and Miceli, 2021). Species of the genus Penicillium sp. are capable of
producing mycotoxins that have the potential to cause serious allergic and carcinogenic
diseases (Otero et al., 2020).

The presence of hazardous phytopathogens has been consistently identified in large piles
of wood chips over extended periods, even when there is a continuous supply and withdrawal
of biomass in operations. Consequently, these piles pose a persistent health risk for both
workers and residents living in close proximity to such facilities. Although research has yet to
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determine the specific duration of exposure required for the development of dangerous
diseases, it can be confirmed that an extended exposure duration increases the risk of disease
development. The risks associated with these conditions are primarily linked to the biological
processes occurring within the stored material. Studies indicate that the concentration of spores
in the air drops below the threshold of 1000 CFU.m-3 (Colony Forming Unit.m-3) up to a distance
of 300 meters from the wood chip piles during handling. Therefore, this area can be considered
a threatened zone with a potential health risk (Barontini et al., 2014).

The current legislation does not clearly specify the harmfulness of the factors associated
with working with biomass, nor does it outline the obligations for ensuring health and safety at
work in connection with exposure to these factors and their magnitude. Furthermore, there is a
lack of guidelines for establishing and operating large-capacity piles, as well as for assessing
the associated risks. The existing directives primarily focus on fire safety aspects, providing
technical guidance from a fire risk perspective. A significant challenge is that the majority of
heating plant operators and biomass producers lack detailed information about these serious
health risks. Similarly, residents in urban areas with dwellings near these operations are often
unaware of these risks. Several research studies have confirmed the reality of these risks, with
documented cases of diseases causally linked to exposure. Consequently, it becomes evident
that addressing safety and health protection issues when working with biomass will likely
require legislative intervention in the near future.

3.2. Identification of exposure to dust in urban-type heating plants

In recent years, air quality has deteriorated in inner-city areas due to increased traffic
intensity and the growing consumption of biomass for energy, particularly during the heating
season. The operation of a heating plant buming biomass creates several sources of increased
dust generation. A large-capacity chip storage is itself a source of phytopathogen spores and
dust, originating from polluted wood or its processing. Handling the wood chips at the chip
storage further increases the concentration of dust particles in the air. The burning of biomass
in the heating plant releases solid dust particles into the air.

These factors significantly increase the exposure of workers and residents living in the
vicinity of the facility to respirable dust particles, especially PM2.5 and PM10 particles. When
analyzing dustiness, it is important to distinguish between occupational exposure and
environmental exposure. While a 2-hour measurement during a work shift is sufficient for
assessing occupational exposure, a minimum 24-hour measurement is required for evaluating
environmental exposure.

On November 22, 2023, and January 10, 2024, the initial measurements of dust particles
were carried out with a CEM DT-9880 mobile environmental dust analyzer for the operation of
an urban-type heating plant. The atmospheric conditions under which the measurements were
conducted corresponded to the autumn and winter seasons. On both measurement days, they
were very similar (average air temperature during the measurement was 4°C, relative air
humidity 73.4%, wind flow westerly, 20 km/h). The measurement methodology corresponded
to the provisions of the standards STN EN 689+AC Occupational exposure. Measurement of
inhalation exposure to chemical agents. Strategy for testing compliance with occupational
exposure limit values; STN EN 482 Occupational exposure. Procedures for determining the
concentration of chemical factors. Figures 1 and 2 show the results of the first and second dust
measurements in the working environment of the heating plant conducted on November 22,
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2023, and January 10, 2024, respectively, during the autumn and winter periods. The
measurement results during this period indicated relatively low concentrations of risk particles
ranging from PM2.5 to PM10. Much higher concentrations were observed for dust particles of
smaller sizes, ranging from PM0.3 to PM1. However, the concentration of wood dust in the
working environment did not exceed the limit values set by applicable legislation (3 mg/1m3)
during the measurement interval. The influence of windy weather during the first measuring day
proved to be significant, particularly when strong winds occurred between 11:00 AM and 12:00
PM.
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3.3. The economic risks arising from health damage in biomass production
and storage

The logistics chain of biomass production and storage can be divided into three phases.
The first involves the establishment, cultivation, and protection of fast-growing tree plantations
and intensive crops. The second phase includes biomass and wood chip production, and the
third phase involves storage and combustion of biomass for energy purposes (Gejdos,
Lieskovsky, 2024). Several health and safety risks occur simultaneously in two or all three
phases of the logistics chain. Besides the highest risk of loss of human life, the economic
burden on the national economy or a specific enterprise includes the risk of occupational
diseases or serious health damage. These may result in a court order to compensate for
damages or provide severance pay. An occupational disease is recognized by the relevant
healthcare facility and included in the list of occupational diseases if it occurs during work (the
Social Insurance Act 461/2003 as amended). If an employee is recognized with such an
occupational disease, the employer is obliged to:

o To transfer the employee to another job position taking into account his health condition,

o [f the employee is forced to leave work due to an occupational disease, severance pay
must be paid to him (a minimum 10 times the average monthly salary of the employee),

e An employee recognized with an occupational disease is entitled to compensation for
damages. This is paid out by the social insurance, but the court may also determine its
compensation from the employer.

Considering the identified existing risks in the process of biomass production, storage,
and consumption, according to the national classification of diseases and health damage, we
have selected the following diseases that may arise based on the impact of risks in this process:

1. Lung and respiratory tract cancer; 2. Allergic respiratory diseases; 3. Disease from
long-term excessive unilateral limb loading; 4. Unilateral hearing impairment; 5. Bilateral
hearing impairment; 6. Unilateral deafness; 7. Bilateral deafness; Vibration-induced disease; 9.
Occupational dermatosis (according table 2).

Each of these diseases has a point value assigned within the national legislation in a
certain range (Law No. 437/2004 Coll. as amended by subsequent regulations). For economic
analysis, the maximum value of the disease was always used. Each assigned point has a
quantified value in Euros, which is derived from the average wage in the national economy. For
the year 2023, the value of one point was €26.08. The point values of individual diseases and
their quantified values in Euros are listed in Table 2.

Table 3 shows the number of recognized classified diseases in the agriculture, forestry,
and wood processing sectors for the period from 2016 to 2022.

From the table, it is evident that not all diseases identified as possible due to the effects
of risk factors in the production and utilization of biomass were identified in the social system.
Among the most common diseases were vibration-induced diseases and long-term excessive
unilateral limb loading. Allergic diseases and dermatoses occurred nine times in the given
period (Table 3). Long-term exposure to phytopathogens and dusty environments has not yet
been clearly associated with the occurrence of lung and respiratory tract cancer in the
healthcare system, although numerous studies worldwide demonstrate this connection. This
fact is influenced by the difficulty in demonstrating and monitoring the long-term impact of this
work environment on human health.
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Table 2. The economic values of selected occupational diseases and injuries according to

national legislation.
Disease | Point value Quantified
value (€)
1 1000 26,080
2 800 20,864
3 150 3,912
4 120 3,129.6
5 500 13,040
6 400 10,432
7 1000 26,080
8 1000 26,080
9 1700 44,336

Table 3. Registered diseases in Slovakia in the agriculture, forestry, and wood processing
sector for the years 2016-2022 and their economic value in Euros.

Year/Dis. | 2022 | 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | Together | Costs in €
2 2 2 1 2 7 146,048
3 5 12 14 15 11 15 7 79 309,048
5 1 1 5 1 2 2 2 14 182,560
8 1 5 4 16 15 15 9 65 1,695,200
9 1 1 2 88,672

Together | 7 18 | 24 35 30 33 | 20 167 2,421,528

From the perspective of the economic burden on the social system, the greatest risk is
the occurrence of vibration disease, which accounts for up to 70% of the total costs of
recognized occupational diseases in the sector. Less health damage in the set point evaluation
and consequently, a lower economic burden for the social system, is represented by recognized
diseases from long-term excessive unilateral loading of the limbs, which are the most frequent,
but the total economic burden represents only 12.7%. It should also be noted that the calculated
economic burdens only cover compensation for clearly identified occupational diseases of
workers in the industry. Additional costs arise from the burden on the health system and social
care resulting from these diseases (which cannot be precisely calculated). The hidden
economic burden stems from the ilinesses of workers in the industry who did not apply for a
declaration of occupational illness or failed to prove a causal link, although it is highly likely that
their illnesses could have arisen in connection with the fulfillment of their work duties (e.g., in
the case of cancer).

Every company should also consider the risks associated with paying severance pay or
compensation for occupational diseases as part of its cost calculation. If these risks are insured,
they are reported in the overhead cost item as "Insurance costs." However, if they are not
insured, the question arises: How and to what extent can these risks be quantified and allocated
to the prices of their products? This is also the basic research question (RQ) of our study.
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Therefore, we suggest specifying these risks as a special cost item called "calculation risks."
We also propose their final allocation in cost items: severance pay (Table 4) and payment of
damages (Table 5). For quantification, data from the Statistical Office of the Slovak Republic
and NCHI were used. We also propose the final allocation of costs using the mark-up method
of calculation in the full cost calculation system. For the basic conversion relationships and the
structure of the calculation, we relied on recommended procedures published in the studies
Kral et al. (2018), Popesko and Papadaki (2015) and Potkany, Kraj¢irova (2015).

Table 4. Quantification of calculation risks in case of severance pay

The number of recognized occupational diseases in the year 2022 525 cases
The number of employees in the national economy in the year 2,580,000 empl.
2022

The number of employees in the industrial sector in the year 2022 516,616 empl.
The average wage in the industrial sector in the year 2022 1,430 €/empl.
Arguments for guantification of the cost item “calculation risks”:

- the share of occupational diseases in the national economy 0.02%

- the share of occupational diseases in the industry sector: 0.10%

Proposal for the quantification of the cost item "calculation risks (CRsp)":

CRsp = (the number of employees in operation /1000) x 1,430 € x 10 months’ x 1.362**
*for the number of 100 employees in operation, the calculation risk of severance pay/year is 1,950 €
**employer's contributions to the social and health insurance company

Table 5. Quantification of calculation risks in case of payment of damages

The average number of recognized occupational diseases (2016- 3,962 cases
2022%)

The total number of recognized occupational diseases (2016-2022**) 167 cases
The economic value of recorded diseases (2016-2022%) 57,450 000 €
The economic value of recognized diseases (2016-2022**) 2,421,528 €

Arguments for guantification of the cost item “calculation risks”:

- average ratio of economic value of occupational disease/case in national economy
and in the sector of agriculture, forestry and wood processing industry 14,500 €/case

Proposal for the guantification of the cost item "calculation risks (CRpp)":

CRep = (the number of employees in operation /1000) x 14,500 €***

* in national economy **in the sector of agriculture, forestry and wood processing *** for the number of
100 employees in operation, the calculation risk of payment of damages/year is 1,450 €

Itis evident that the frequency of occurrence and the risk of financial compensation for an
occupational disease will vary individually for each company and may not align with our
proposed calculated values converted to the number of employees (i.e., for 100 employees
CRsp €1,950/year and for the CRpp alternative €1,450/year). From our perspective, it is
necessary to calculate the risk of occupational disease at the maximum level, serving as a
certain reserve for the potential occurrence of similar expenditures in the future, i.e., CRsp
€19,500/year and for the CRpp alternative €14,500/year (total €34,000/year). However, this fact
needs to be incorporated into the overhead cost calculation proposal. Therefore, we will utilize

10
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a model cost structure that realistically reflects the condition of the selected company in the
industry (direct cost €800,000 = allocation base, overhead cost €400,000, profit €50,000, profit
margin based on Return on Cost = ROC 4.17%, overhead cost surcharge % OCS = 50%). To
quantify the impact of economic risks on the calculation of final products, it is possible to apply
the general calculation formula. To determine the overhead cost surcharge, it was necessary

to apply formula 1:
34,000€

800,000€

nocs = ( ).100 = 4.25 % (1)

The given difference will subsequently have an impact on the difference in profit margin
A PM (2), and both changes will mutually affect the possible change in selling price A SP (3):

APM = AOCS.ROC/100 (2)

AOCS+APM ,
.allocation base

ASP = —100 .100 (3)

selling price

The schematic representation of the calculation formula allocating the potential
occurrence of occupational disease risks then has the following structure utilizing the mark-up
method of calculation in the full cost calculation system:

1. Direct cost (direct materials, direct wages, others direct cost)
2.+ Overhead cost ( % surcharge with using of A OCS)
3. = Total own cost
4
5

+ Profit margin (with using of % ROS and A PM)
= Selling price without VAT (with determination of A SP)

By applying a cost structure model, allocating calculation risks would result in A OCS at
the level of 4.25%, A PM at the level of 0.177%. These changes, while maintaining the original
ROC level, would have an impact on the selling price difference A SP at the level of 2.8%. This
means that in the calculation, it is necessary to add 0.28 euro cents for every €1 of the original
selling price. These are the main answers to the study's research question. Quantification of
the possibility of calculating the economic risks in question is quite complex and depends on
the specific circumstances of the case, including the degree of disability of the employee, his
age, income, and other factors. Therefore, it is necessary to consider our proposals mainly as
methodological procedures for the application of the calculation of the risks of occupational
diseases, and it will be necessary to adapt them to the real conditions of each company.

4, CONCLUSION AND DISCUSSION

The basis for the effective assessment and minimization of risks to endangered workers
in the work process is a complete understanding of the performed activities and the resulting
risks, work regime, behavior of workers, and the level of safety and health protection at work in
the given entity. Insufficient protection against risks in the process of wood chip production
primarily stems from inadequate financial resources in forestry activities and subsequent lack
of qualified labor. Safety regulations and technological procedures are knowingly and
unknowingly violated. The risk of occupational diseases and work-related injuries has largely

11
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been shifted from organizations to subcontracting companies. Recognition of occupational
diseases is possible only for employees. Therefore, individuals engaged in independent
income-generating activities are discriminated against in this legislative regard. Regulatory
authorities are understaffed and underfunded, limiting their ability to carry out necessary
inspections. Itis therefore essential to increase the awareness and occupational consciousness
of workers themselves so that they comply with legislative regulations and use personal
protective equipment out of their own interest.

Due to deficiencies in legislation and regulatory oversight regarding biomass heating
plants, it appears that technical regulations for their construction and operation are incomplete,
as stakeholders and responsible parties do not have sufficient information about many of the
risks associated with their operation. The following recommendations arise from the results of
this work:

o Update and enhance legislation: It is necessary to review and update existing legislation
related to biomass heating plants to ensure that technical regulations and safety standards
are sufficiently accurate and reflect the current risks of their operation.

e Improve regulatory oversight: Investment in personnel and financial resources for
regulatory authorities is essential to ensure effective and regular inspections that could
identify potential risks and ensure compliance with regulations.

e Education and information dissemination to stakeholders: Strengthening awareness and
education among stakeholders, including operators of biomass heating plants, about risks
and safety measures is crucial for the prevention and minimization of risks.

e Implementation of an information collection and exchange system: Establishing a
mechanism for collecting and exchanging information among operators of heating plants,
regulatory authorities, and other relevant entities could enhance the ability to respond to
new risks and challenges.

e Research into new technologies and solutions: Investment in research and development
of new technologies and solutions in the field of biomass heating plants could contribute
to improving the efficiency and safety of this form of energy production.

These recommendations aim to increase efficiency and safety in the operation of biomass
heating plants through the improvement of legislation, strengthening regulatory oversight, and
promoting education and innovation in this field.
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IMPACTS OF THE GREEN TRANSITION ON
THE FOREST-BASED SECTOR IN THE CZECH REPUBLIC

Petra Palatova, Roman Dudik

Abstract: The paper deals with the impact of selected strategic national-level documents on
management and sustainability in the forest-based sector. The core methodological approach is the
content analysis that is applied to the Czech documents related to the forest bioeconomy. Considerable
attention is paid to the coherence of the measures of the National Research and Innovation Strategy for
Smart Specialisation of the Czech Republic 2021-2027 (RIS3) and requirements/needs of the actors in
the forest-based sector. RIS3 strategy has strong national and regional dimensions and emphasize the
key topics related to the green transition. It explicitly mentions the climate change, circular economy,
low-carbon economy, ecosystems, and environmental protection that are pivotal topics of sustainable
forest-based sector in future. The paper also takes account of effects of the territorial nature protection
on forest management and wood-processing sector in the Czech Republic.

Keywords: bioeconomy, strategies, ecosystem services, nature protection

1. INTRODUCTION

The Czech Republic, like many other European countries, has faced several social,
economic, and environmental challenges in recent years. Some of them are caused by long-
term consequences of human actions, some have arisen as a reaction to short-term or current
problems or disturbances (covid pandemic, bark beetle outbreak). The forest-based sector and,
indirectly, the entities operating in it (forest owners, forest managers, businesses, forest visitors,
etc.) must also adapt to these external influences.

The transformation of economies towards a more sustainable use of resources can be
referred to as the Green Transition. A related concept is Green Growth (OECD, 2018), which
is the promotion of economic growth while continuously providing natural resource and
environmental services. The "greening" of policies and practical approaches to the
transformation of economies and ways of thinking can also be applied to the forest-based
sector, especially with the growing importance of forests and the ecosystem services they
provide, which are not only positively valued by society (changing and growing societal
demand) but also enable or support the development of other downstream economic sectors.

Forests contribute significantly to meeting climate policy objectives, not only through the
absorption of CO, in forests but also in wood products. The management of Czech forests has
long been marked by discussions and disputes between forest owners and nature conservation
authorities. In 2024, a forestry research project aimed at the impacts of territorial nature
protection on the management of forest owners and the wood-processing sector funded by the
National Agency for Agricultural Research (Ministry of Agriculture of the Czech Republic) starts.
The topic has emerged from the research needs for the Ministry of Agriculture in science,
research, and innovation competition in the key area of bioeconomy (eAgri, 2023). The results
of the project, coordinated by the Czech University of Life Sciences, will be, among others,
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used to support the state administration and support state policy in the agricultural sector. The
authors of this article are members of the research team of the mentioned project.

The paper deals with the connection between strategic documents, measures, and
activities currently underway in the forest-based sector in the Czech Republic, which have the
potential to influence the actions of key actors in the sector, including the specific target group,
which are Czech forest owners.

2. METHODS

The methodological approach is based on the content analysis applied to selected documents
that are in line with the following criteria:

e Direct relevance to the forest-based sector,

e Connection to the current challenges of the forest-based sector,

o National level relevance (Czech document issued by official authority in the Czech
Republic),

e Document being ,in force“(temporal validity of the document, still valid in 2024),
Public availability of the document (e.g., available on web pages on respective
national bodies (ministries, government, etc.).

The documents were found in Czech language and subsequently subjected to content analysis
with relevant key words (forestry, wood, bioeconomy, circular economy, green economy,
carbon), with priority connection to the climate change to perform a qualitative analysis in line
with the goal of the paper. Similar methodological approach was already used in some other
works, e.g., by Palatova (2023). The selected documents consider coherence with relevant
European strategies.

3. RESULTS
3.1 Bioeconomy and the Forest-Based Sector

European bioeconomy includes various sectors of economy, including those that are
contributing to the green solutions, using renewable resources, effective and new methods of
utilization of waste and residues (e.g., after logging), and application of new technologies and
innovative products. There is a strong link to sustainability, but also some other theoretical
concepts are very closely connected. Some countries even refer to bioeconomy having the
same meaning as green economy, e.g., in the case of Slovakia (Palatova et al., 2022) or closely
connecting topics of bioeconomy, circular and green economy, such as it is the case in Thailand
(Rinn etal., 2024). Some authors refer to green economy as an umbrella topic including aspects
of both circular economy and bioeconomy, but all concepts are targeting economic,
environmental, and social goals (D’Amato et al., 2017).

The bioeconomy is a practical approach to address current socio-economic challenges
and, from the perspective of the forest-based sector, promotes practical sustainable solutions.
In addition to promoting innovative processing methods including biotechnology (biomass and
its processing, but also the use of innovative technologies in traditional sectors of the economy,
which includes the timber industry), it also supports overarching objectives such as finding
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alternatives to non-renewable resources (here the forest-based sector, and thus its related
sectors of the economy, has considerable potential), but it also promotes sustainable value
chains, mitigates the impacts of climate change and takes into account the circular economy
(MoA, 2019). While these approaches may be significantly emphasized especially at the
macroeconomic level, the practical impact of each measure affects all key actors in decision-
making, science and research, and business, and indirectly consumers. The objectives of the
European Bioeconomy Strategy include sustainable management of natural resources,
reducing dependence on fossil resources, adaptation to climate change (EC, 2018).

3.2 Green Economy and Green Jobs

Green economy is an alternative to current economic model with strategical emphasis on
improvement of human well-being and building social equity whole reducing environmental
risks (UNEP, 2024). Green economy is built up on 5 principles (Green Economy Coalition,
2020):
1. Wellbeing

2. Justice

3. Planetary boundaries

4. Efficiency and sufficiency
5. The good governance

Job positions that are offered within the green economy are called as green jobs. These
jobs aim the environment to benefit by preserving and restoring the environment, no matter if
they are in the traditional sectors or new sectors (ILO, 2016). In the matter of sustainability
issues, green jobs help to promote several SDGs (1,4,5,6,7,8,12 and 17). Usually, green jobs
help to improve efficiency in energy and raw materials, limit GHG emissions, minimize waste
and pollution, protect, and restore ecosystems and supports adaptation to climate change (ILO,
2016). Green jobs are usual in economic sectors closely connected to environment. One of the
key-term used is also the low-carbon economy, that is one of the key targets of the European
Green Deal, since its goal is to make Europe climate neutral by 2050 (EGD, 2020; ILO, 2016).

Green jobs potential is estimated for growth including jobs creation in rural areas. It is also
connected with so-called just transition where workplaces for everyone are supported and with
social protection (ILO, n.d.) Workplaces in green economy in line with the transformation of
national economies are needed to be supported by substantial change in the knowledge base.
The overlap, need for more knowledge and holistic approach might impose a challenge for the
educational system.

Jobs in the forestry sector also have the potential to meet the terminological definition of
a "green job". On the one hand, there are the potential and opportunities associated with green
solutions that are also applicable in the forest-based sector, and on the other hand, there are
the potential limitations that arise from legislative or strategic materials. For forest owners, the
most important information is the information aimed at possible restrictions on the use of their
property, in particular restrictions on management.
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3.3 Current state of territory protection in the Czech Republic

In the Czech Republic, the specific protection of the territory is applied on an area of
almost 3 million hectares and is legislatively enshrined in the Act on Nature and Landscape
Protection (114/1992 Coll.) and decrees (395/1992 Coll., 45/2018 Coll.). Specially protected
areas are divided into large-area (national parks and protected landscape areas) and small-
area (national nature reserves, national natural monuments, nature reserves, nature
sanctuaries). The majority of the area of national parks, national nature reserves and national
natural monuments is administered by the Nature Conservation Agency of the Czech Republic
(an organisational unit of the state carrying out state administration, information and
awareness-raising activities, financial compensation, research, expert opinions and other
activities on behalf of the Ministry of the Environment). Due to the Czech Republic's
membership in the EU, the NATURA 2000 system with 41 bird areas and 1112 sites of
European importance has also been defined (AOPK, 2024).

In the case of restrictions on management, owners may be compensated for restrictions
on in specially protected areas, NATURA 2000 sites, commemorative trees, protected plants,
animals and minerals; for measures within territorial systems of ecological stability and on the
basis of decisions of state nature protection authorities, binding opinions and agreements and
is paid from the state budget. They fall under the competence of the Ministry of the
Environment. The Ministry of Agriculture does not provide mandated payments related to
nature protection, but provides subsidy instruments at the European level (agri-environmental
and forest-environmental payments provided under the Common Agricultural Policy and Rural
Development Policy).

3.4 Restrictions on forest owners in the Czech Republic

The forest cover in the Czech Republic is 37.1%, covering 2 680 372 hectares of 3
categories - production, protective, and special purpose forests (€AGRI, 2023). Production
forests account for almost 75% of this area. Certain forms of restrictions apply mainly to
protective and special purpose forests; certain restrictions may also be imposed on the owner
in production forests. These restrictions result, for example, from the occurrence of NATURA
2000 areas on forest property - these are Special Protection Areas or Sites of Community
Importance, Natura 2000 sites designated according to the EU directives on habitats and birds.
The forest owners in the Czech Republic form a heterogeneous structure, 71.79% are public
forests (state, municipal and urban), private forests make up 28.21% (legal persons, church,
cooperatives, physical persons). The basic rules of management are determined by the Act on
Forests (289/1995 Coll.), but they are also based, for example, on voluntary initiatives (PEFC
or FSC forest certification). Priority restrictions for the owner are determined by the law on
Nature and Landscape Protection (114/1992 Coll.), but also by European regulations
concerning the environment and landscape. Other constraints may result from the European
regulations relating to the environment and landscape or as a consequence of objectives and
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measures stated in strategic documents. Those primarily linked to the climate change theme
are those listed in Table 1.

3.5 Czech Strategies

Table 1 summarizes the overview of the relevant document that are later presented.

Table 1. Summary of strategies

Strategy Validity Administration
Research and Innovation
Strategy for Smart 2021-2027 Ministry of Industry and Trade

Specialisation

2021-2026 -
National Recovery Plan (update Ministry of Industry and Trade
(NextGeneration EU)
2023)
National Action Plan for
Adaptation to Climate 2021-2025 Ministry of Environment

Change

3.4.1. RIS3 (Research and Innovation Strategy for Smart Specialisation)

Climate and environment are one of the so-called identified megatrends, more specifically
climate change, ecosystem degradation and environmental protection. Along with new
technologies, depletion of natural resources, demographic change and urbanisation, climate
change is one of the key trends. The RIS3 National Strategy includes the Green Technologies,
Bioeconomy and Sustainable Food Resources domain, which includes sustainable agriculture
and forestry in addition to climate change as mentioned above. The implementation of the
national RIS3 strategy is one of the conditions for drawing on EU funding (RIS3, 2024).

3.4.2. National Recovery Plan

The National Recovery Plan is a strategic document that enables the application for funding
from The Recovery and Resilience Facility (European Commission). It contains specific
measures aimed at nature conservation and climate change adaptation, including building
climate resilient forests (deadline: 9/2024) and water retention in the landscape (3/2024). These
measures target both legislative changes (modification of the Forestry Planning Decree
84/1996 Coll.) and project-oriented activities, where water retention in the landscape is in line
with the National Action Plan for Adaptation to Climate Change as well as the EU Drought
Strategy. One of the components of the National Recovery Plan also includes targeted
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adaptation of aquatic, non-forest, and forest ecosystems to climate change, with deadline at
the end 2025 (NPO, 2023).

3.4.2. National Action Plan for Adaptation to Climate Change

The National Action Plan for Adaptation to Climate Change is an application document of the
Strategy for Adaptation to Climate Change in the Czech Republic. It covers the period 2021-
2025 and is in line with the EU Adaptation Strategy (from 2013). Strategic objective 2 focuses
on ecological stability and the provision of ecosystem services of forests, with an emphasis on
preventing land degradation and strengthening the natural water regime (management
practices, game status, gene pool, water retention in the landscape, etc.). Cross-cutting
measures include payment for ecosystem services, green budgeting, conservation, ecosystem
services and awareness raising.

Relevant for the forestry sector is the inclusion of the Concept of the State Forestry Policy until
2035 (from 2020), the Strategy of the Ministry of Agriculture of the Czech Republic with a view
to 2030 (from 2016).

From the above, the expected impacts of the greening of the economy on the forestry and
logging sector include:
e Change in the perception of forestry in the Czech Republic
o The need to actively communicate the ongoing changes in the forestry sector to the
public
e Support the role of forestry pedagogy
e Promote informal and experiential learning
e Promote the development and maintenance of new competences among forest
owners and forestry sector workers
e To consider the change in education in incorporating interdisciplinarity, incorporating
innovation and good practice examples
e Change in legislation
¢ The increasing role of standardisation and certification
o Supporting control mechanisms for monitoring and evaluation of public funds directed
to the forestry sector

Among the key actors, the measures directly affect forest owners, professional forest
managers, forestry service providers, processing enterprises, public administration and
professional promoters, educational institutions including students, certification and
authentication authorities, science, and research.

4. DISCUSSION

The paper identified concepts and strategies related to the green approach. Usually these
concepts are mainly environmental, their meaning is also relevant in the forestry and wood
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sector. A key concept is climate change, to which not only forest owners, but also actors in the
downstream processing and value chain, and in a broader perspective, society, must adapt.
With the increasing level of knowledge and changes in society, the importance and perception
of forests is also changing, including in the direction of supporting ecosystem services, where
the most important service in the Czech Republic so far - production (especially wood
production) is being supplemented by other services, or a mix of services provided by healthy
forest ecosystems. This includes not only production, but also regulating, cultural and
supporting (e.g., see MEA classification, 2005). With increased interest in ecosystem services,
one of the necessary issues to address is the issue of payments for ecosystem services (PES).
These payments are mainly incentive and preventive in principle. It should be noted that, for
example, the ecosystem services payment scheme is still a relatively new topic in the Czech
Republic. As stated by Wunder (2015) "PES involve voluntary transactions between users and
service providers that are contingent on agreed rules for managing natural resources to
generate services". PES sometimes includes compensation payments, which compensate for
legal restrictions on property rights and serve to apply no or differentiated forest management.
The potential expansion of PES carries the risk of increasing constraints on forest owners,
including affecting the availability and marketability of timber raw material, and thus affecting
the forest-based value chain.
Consensus on the application of payments for ecosystem services is key, not least because
current options for forest use and benefits, e.g. including NWFP, allow Czech visitors to enter
the forest without restrictions, which may lead to a congestion effect. The extreme increase of
visitors is then also a challenge for forest management (Jarsky et al., 2022; Derks et al., 2020)
and forest owners. The issue of setting up a payment mechanism for ecosystem services is at
the forefront of the priorities addressed also within the project QK23020008 (2023-2025,
financed by Ministry of Agriculture of the Czech Republic), also due to the necessary change
of the forest law that would allow such payments. The motivation for the introduction of
payments is to support the fulfilment of forest ecosystem services in the Czech Republic,
including payments for intensification payments. These payments would be made from the
state budget.

It is necessary to state that, despite the apparent fragmentation of the topics mentioned
in the strategic materials, it is clear after their closer examination that together they form a
complex system with a great potential for synergy. Most of the Czech strategic materials are
also directly linked to strategic and conceptual materials at the European level. This supports
the strategic focus within the development of the entire forestry and wood sector and beyond.
For a comprehensive evaluation, it would be appropriate to supplement the analysis with
documents that relate to related economic sectors, or to include those that have an
interdisciplinary overlap (Strategic Framework Circular Czechia 2040, strategy for biodiversity,
energy policy, waste management policy, etc.) The success of the implementation of strategies
depends also on improving the information and knowledge base of all relevant actors, and it is
necessary to support the connection of the results of the solutions of scientific and research
projects with practice.

5. CONCLUSION

"Greening" is a hallmark of contemporary economies. The contribution dealt with the influence
of selected strategic documents on the forestry and wood sector in the Czech Republic. The
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selected strategies were viewed through the lens of content analysis. The evaluated documents
show their essential multidisciplinary character. In addition to the measures that result from the
strategies, restrictions resulting from the protection of the territory and/or restrictions that limit
forest management are also mentioned. The owners and managers of the given territories are
primarily affected by these restrictions, the effects of these restrictions can be significant,
sometimes even societal. However, they do not only concern the affected target groups, but
also specific topics (perception, education, legislation, control mechanisms in the forestry and
timber sector).
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THE IMPORTANCE OF NON-EU-27 COUNTRIES IN SUPPLYING
THE EU-27 MARKET WITH WOODEN PALLETS

Slavica Petrovi¢

Abstract: This study analyses the supply of wooden pallets to the EU-27 market, paying particular
attention to the importance of non-EU-27 countries as suppliers. The importance of South-East European
countries, as non-EU-27 countries, in the supply of wooden pallets to the EU-27 market was specifically
analyzed. The study focuses on the period 2002-2022. In addition to the trade volume, the import value
of wooden pallets into the EU-27 from non-EU-27 countries was also analyzed. To a limited extent, the
types and characteristics of wooden pallets most commonly used on the EU-27 market were analyzed.
Wooden pallets are subject to the EU Timber Regulation, i.e. the new EU Deforestation Regulation,
which was adopted last year.

Keywords: wooden pallets, EU-27 market, import, non-EU countries, standards.

1. INTRODUCTION

According to the ISO 445:2013, pallets are ,rigid horizontal platforms of minimum height
suitable for handling by pallet trucks and/or forklift trucks and other appropriate handling
equipment and used as a base for the assembly, loading, storage, handling, stacking,
transportation or displaying of goods and loads”. In addition to wood, pallets are also made of
plastic (virgin and recycled plastic), metal, cardboard and wood-polymer composites (Deviatkin
etal., 2002). In addition to the ISO 445 standard, the most important standards that specify the
properties of wooden pallets, are as follows: ISO 15629:2002, 1ISO 18333:2014, ISO
18334:2010 and ISO 18613:2014.

According to the Fredonia Group study (2020), “wooden pallets are by far the most
common type of pallet, accounting for 92% of unit demand and 83% of sales in value terms in
2019”, while the share of plastic pallets is significantly lower and the shares of pallets made
from other materials are insignificant.

Wooden pallets exported to the EU-27 market are subject to the European Union Timber
Regulation (EUTR) (European Parlament and the Council of the European Union, 2010).
However, in 2023, the EU Deforestation Regulation was adopted (EUDR). "The Deforestation
Regulation is part of the European Green Deal initiative and aims to ensure that EU
consumption does not contribute to global deforestation and forest degradation arising from
agricultural expansion linked to the relevant commodities” (Global Compliance News, 2024).
According to Article 37(1) of the EUDR, “Regulation (EU) No 995/2010 is repealed with effect
from 30 December 2024” (European Parlament and the Council of the European Union, 2023).
Paragraph 2 of the same Article of the EUDR states: “Regulation (EU) No 995/2010 shall
continue to apply until 31 December 2027 to timber and timber products that were produced
before 29 June 2023 and placed on the market from 30 December 2024” (European Parlament
and the Council of the European Union, 2023). Annex | of the EUDR lists all types of timber
and timber products to which the new regulation applies.
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2. METHODOLOGY

The analysis of the market supply with wooden pallets in the EU-27 was carried out on
the basis of data from the Eurostat database. The data for wooden pallets are recorded in
Chapter 44 of the Eurostat database: “Wood and articles of wood; wood charcoal’, in section
441520: “Pallets, box pallets, and other load boards, of wood; pallet collars of wood (excl.
containers specially designed and equipped for one or more modes of transport)”. In this
section, data for import/export of wooden pallets and pallet colars are recorded together under
HS code 44152020: Pallets and pallet collars, of wood.
(https:/lec.europa.eu/eurostat/comext/newxtweb/setupdimselection.do#). As a result of such
record keeping, the results presented in chapters 3.1., 3.2. and 3.3. are a summary for pallets
and collars. Apart from the value indicators, the data for the import/export of wooden pallets
and pallet collars are also recorded in kilograms in the Eurostat database. The explanations in
the analysis of the market supply in the EU-27 rely on the assumption that the mass of wooden
pallets and collars is equal to the mass of wood. This is, of course, not the case since they
contain metal parts. However, as the Eurostat database combines data for pallets and collars,
itis not possible to accurately determine the shares of wood or metal in the total mass of pallets
and collars imported into the EU-27.

3. RESULTS AND DISCUSSION

This chapter presents the results of market supply research for wooden pallets and collars
in the EU-27 for the period 2002-2022. The market supply in the EU-27 from member states
(intra EU-27) and imports from non-EU countries (extra EU-27) were analyzed. The main non-
EU countries supplying this market were analyzed, with particular attention paid to the role of
South-East European countries in supplying this market. In addition, an analysis of the market
in the EU-27 was carried out in terms of the most commonly used types of wooden pallets and
their characteristics, as well as the market in the South-East European countries.

3.1. EU-27 market supply with wooden pallets and collars

In the period 2002-2022, the EU-27 increased total imports (intra EU-27 import + extra
EU-27 import) of wooden pallets and collars from 2.5 million tons of wood (2002) to 5.6 million
tons of wood (2022) (Figure 1) (Eurostat, 2024). In all years of the analyzed period, certain EU-
27 members were the most important suppliers of wooden pallets and collars to the EU market.
The supply of the EU-27 market by EU countries increased from 2.2 million tons of wood (2002)
to 4.5 million tons of wood (2022), while in the same period the supply by non-EU-27 countries
increased from 171260 tons of wood (2002) to 1.04 million tons of wood (2022) (Eurostat,
2024). In the period 2002-2022, the EU-27 doubled the imports of wooden pallets and collars
from EU member states, while imports from non-EU-27 countries increased sixfold. In 2002,
the EU-27 met 93.0 % of its market demand with imports from member countries and 7.0 %
with imports from non-EU countries, while in 2022 the ratio was 81.4 %:18.6 % (Eurostat, 2024).
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In the period 2002-2022, the total import value of wooden pallets and collars into the EU-
27 (intra EU-27+extra EU-27) increased from € 0.6 billion to € 3.33 billion (Eurostat, 2024). EU-
27 imports from its own Member States increased from € 562.5 million (2002) to € 2.8 billion
(2022), i.e. almost fivefold (Eurostat, 2024). At the same time, the value of imports of wooden
pallets and collars from non-EU countries into the EU-27 increased from € 42.3 million (2002)
to € 524 million (2022), i.e. it increased 12.4 times (Eurostat, 2024). In 2002, the share of
imports from EU-27 countries in the value structure was 93 % and the share from non-EU
countries accounted for 7.0 %, while the ratio in 2022 was 84.3 %:15.7 % (Eurostat, 2024).
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Figure 1: Market supply of wooden pallets and collars in the EU-27 in the period 2002-2022
(source: Eurostat, 2024)

3.2. The main non-EU countries for supplying the EU-27 market

Ukraine, Belarus, Norway, the UK, Switzerland and Russia are the main suppliers of
wooden pallets and collars to the EU-27 market (Figure 2) (Eurostat, 2024). Since 2002, when
it imported 154000 tons of wood, the EU-27 increased its imports from these countries to
894211 tons of wood in 2022 (Eurostat, 2024). In 2002, EU-27 imports from the above countries
accounted for 89.9 % of imports from non-EU-27 countries, with Belarus accounting for 54.4
%, the UK 17.8 %, Russia 8.5 %, Ukraine 4.4 %, Switzerland 3.5 % and Norway 1.3 %
(Eurostat, 2024). In the period up to 2022, there were significant changes in the supply of
wooden pallets and collars from non-EU countries to the EU-27 market. The first change
occurred in 2015, when Ukraine replaced Belarus as the largest supplier on the EU-27 market
and maintained this position until 2022. Even more significant changes occurred in 2022, when
the EU-27 reduced imports from Belarus by 63.2 % and from Russia by 48.3 %, and increased
imports from Ukraine by 53.1 % and from the UK by 51.6 % (Eurostat, 2024). In absolute terms,
the EU-27 increased its imports of wooden pallets and collars from the six countries listed in
2022 compared to 2021. However, the share of imports from the largest suppliers in imports
from non-EU countries fell to 85.9% in 2022, with Ukraine's share accounting for 49.2%,
Norway's for 10.2%, the UK's for 9.9%, Belarus' for 6.9%, Switzerland's for 5.8% and Russia's
for 3.9% (Eurostat, 2024).

The value of imports of wooden pallets and collars into the EU-27 from the six largest
suppliers increased from € 38 million (2002) to € 437.5 million (2022) (Eurostat, 2024). During
the analyzed period, the import value of wooden pallets and collars from Ukraine increased the
most. It increased from € 1.4 million in 2002 to € 137.7 million in 2021 and € 263.7 million in
2022 (Eurostat, 2024). At the same time, the value of imports from Belarus increased from €
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15.2 million in 2002 to a record € 61.2 million in 2021 and then fell to € 28.7 million in 2022
(Eurostat, 2024). The same trend was registered for the import value from Russia, which
increased from € 3.0 million in 2002 to a record € 32.8 million in 2021, and then fell to € 19.9
million in 2022 (Eurostat, 2024).
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Figure 2. The major non-EU countries that supplied wooden pallets and collars to the
EU-27 market in the period 2002-2022 (Source: Eurostat, 2024)

3.3. The importance of SEE countries in supplying the EU-27 market

In 2002, the imports of wooden pallets and collars into the EU-27 from the countries of
South-Eastern Europe, including Bosnia and Herzegovina, Serbia, Albania, Montenegro and
North Macedonia, accounted for 3.7% of imports from non-EU countries. In 2022, the EU-27
imported 65,500 tons of wood from SEE countries, which accounted for 6.3 % of imports from
non-EU countries. The changes in trade flows for wooden pallets and collars that occurred on
the European market in 2022 had a positive impact on the supply of these products from the
countries of South-Eastern Europe to the EU-27 market. Bosnia and Herzegovina and Serbia
are the most significant SEE countries for the supply to the EU-27 market (Figure 3). Since
2002, when the EU-27 imported 6,000 tons of wood from Bosnia and Herzegovina, it has
increased its imports to 27,717 tons of wood. EU-27 imports from Serbia were slightly lower in
2022, amounting to 20,660 tons of wood, while imports from Albania amounted to 10,011 tons
of wood, from North Macedonia 4,338 tons of wood and from Montenegro 2,774 tons of wood.

The value of imports of wooden pallets and collars from SEE countries into the EU-27
increased from € 1.2 million (2002) to € 37.4 million (2022). In 2022, the value of EU-27 imports
of wooden pallets from B&H amounted to € 15.4 million, from Serbia € 13.5 million, from Albania
€ 5.0 million, from North Macedonia € 2.0 million and from Montenegro € 1.4 million (Eurostat,
2024).

3.4. The wooden pallets market in the EU-27

The market of wooden pallets in the EU-27 is the market for EPAL pallets. Their quality
is certified and approval for the use of the EPAL designation is provided by the European Pallets
Association - EPAL. In addition to EPAL 1, i.e. the EPAL Euro pallet, as it is also known, the
association certifies the quality of EPAL 2 pallets, EPAL 3 pallets, EPAL 6 half pallets, EPAL 7
half pallets, EPAL box pallets and EPAL CP1, CP2 and CP3 pallets (EPAL, 2024). Since 2019,
EPAL Euro pallets have been marked with a QR code. The association certifies not only
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manufacturers of wooden pallets, but also companies that repair them. The EPAL Euro pallet
has the dimensions 800x1200x144mm, a defined number of boards and blocks from which it
is made, as well as their dimensions, a precisely defined distance at which the boards and
blocks are placed, the number of nails and their position, weight and load capacity of the pallet
(EPAL, 2024). The above characteristics are defined for all types of EPAL pallets. In addition
to the EPAL designation, the IPPC designation is applied to wooden pallets to confirm that the
pallet has been chemically or thermally treated to destroy xylophagous insects (EPAL, 2024).
Nowadays, chemical treatment is rarely in use. Thermal treatment means that the wooden
pallet has been exposed to a temperature of 56 °C for at least 30 minutes. In addition to the
above information, EPAL pallets are marked with the following information: code of the country
where the pallet was manufactured, registration number of the authority which conducted the
chemical/thermal treatment, treatment method, EPAL control staple, repair marking nail (only
present if it is a repaired EPAL pallet), license number, FOR50 (EPAL, 2024 https://www.epal-
pallets.org/eu-en/load-carriers/epal-euro-pallet). According to the rules of the Association,
unused wooden pallets are classified as “new” and used pallets are classified as quality classes
A, B or C. Damaged pallets that and can no longer be used are classified as “not fit for use”,
while mixed pallets of all types are classified as “unsorted”. The quality of the individual classes
of wooden pallets is precisely defined. The moisture content of the wood is only prescribed for
new pallets and it is up to 22% (EPAL, 2024: https://www.epal-pallets.org/eu-en/translate-to-
en-qualitaet-und-tausch/translate-to-en-qualitaetsklassifizierung).
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Figure 3: Supply of the EU-27 market with wooden pallets and collars from SEE countries in
the period 2002-2022 (source: Eurostat, 2024)

The defects which make professionals declare pallets unsuitable for use are described, in
cases when it is necessary for them to be repaired in order to be reused. The average lifespan
of wooden pallets is assumed to be 3 to 5 years (Associated Pallets Ltd, 2024).

Wooden pallets that are no longer usable are wood waste and as such they are part of
the European Waste Catalog, which was established by the European Commission's Decision
2000/532/EC. In the catalog, wooden pallets are classified in waste category 15, i.e. in
subcategory 1501: Packaging. Wooden packaging, including pallets that have not been
chemically treated, is classified in waste subcategory 150103, and if it contains hazardous
substances, in 150108. In Germany, waste wood is classified into classes Al, All, Alll and AIV
(The Altenstadt Combined Heat and Power plant, 2024). Euro pallets made from solid wood belong
to quality class Al, those made from wood-based materials to quality class All and those made
from composite materials to quality class Alll. Chemically untreated and bark-free wooden
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pallets can be used for the production of wood pellets, briquettes and chips of quality class B
as well as for quality classes TW2H-TW2L of thermally treated and thickened wood fuel
(Toscano et al., 2023). Chemically untreated and chemically treated wooden pallets without
bark can be used for the production of hog fuel and chips for industrial purposes (Toscano et
al., 2023).

3.4.1. The wooden pallets market in SEE countries

The supply of wooden pallets from SEE countries to the EU-27 market is determined by
the volume of production of new EPAL pallets in these countries. However, the EU-27 not only
imports new EPAL pallets, but also used EPAL pallets of certain quality classes as well as
elements for new EPAL pallets (Paleta doo, 2024). In addition to EPAL, non-certified wooden
pallets are also produced in the South-East European countries in various dimensions
according to customer requirements. Such pallets are called disposable pallets, although they
can be used more than once. Disposable pallets differ in the number of boards and blocks, load
capacity and stability. They are mainly used for transportation within SEE countries that do not
belong to the EU. Depending on customer requirements, they can be thermally treated. Instead
of designations A, B or C, quality class designations | and Il are used in some SEE countries
Class | used EPAL pallets have well-preserved mechanical and aesthetic properties, a slightly
darker wood color compared to new pallets and minor damage due to forklift manipulation.
Class Il EPAL pallets have been used for a longer time and therefore have a darker wood color,
although their mechanical properties and load-bearing capacity have been preserved.

4. CONCLUSION

In 2002, the EU-27 members supplied their own wooden pallet and collar market with 2.2
million tons of wood, while imports from non-EU countries into the EU-27 amounted to 171,260
tons of wood. In 2022, the supply of the EU-27 market by EU members increased to 4.5 million
tons of wood, while imports from non-EU countries increased to 1.04 million tons of wood. In
2002, the EU-27 met only 7% of its demand by importing wooden pallets and collars from non-
EU countries, while this share increased to 18.6 in 2022. This clearly shows that non-EU
countries are becoming increasingly important in supplying the EU-27 market with wooden
pallets and collars. Therefore, it can be deduced that South-East European countries have the
opportunity to strengthen their role in supplying the EU-27 market with wooden pallets and,
especially after the changes in trade flows which took place in Europe in 2022.
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TOWARDS SUSTAINABLE DEVELOPMENT
IN THE WOODWORKING ENTERPRISES IN SLOVAKIA

Patrik Richnak, Peter Drabik, Eva Hanulakova, Robert Rehak

Abstract: Today, the woodworking enterprises are undergoing a radical transformation, characterised
by a growing recognition of the need for sustainability. Based on increased environmental awareness
and changing societal expectations, woodworking enterprises are introducing modern processes, tools
and technologies with sustainability principles. Their implementation in the business environment
reduces waste, energy consumption and emissions, further reducing the environmental footprint of the
woodworking industry. Sustainable business processes in the woodworking industry aim to reconcile
economic growth, social justice and environmental responsibility, recognising the interconnectedness of
these three pillars. This paper will aim to analyse the towards sustainable development in 62
woodworking enterprises in Slovakia, emphasising the strategic requirements, challenges and
transformational pathways that are shaping this key transition.

Keywords: Sustainability, Sustainable Development, Sustainable Development Goals, Woodworking
Industry

1. INTRODUCTION

The European Union's current requires to its member states in the areas of sustainability
and a climate-neutral economy - such as Agenda 2030 or A Clean Planet for All - show how
urgently it is becoming to determine what adjustments to make to the way that natural resources
are used, both nonrenewable and renewable (Michal et al., 2021). Environmental problems and
climate change are having a bigger impact on policy decisions and economic growth. In order
to attain both ecological balance and long-term human prosperity, sustainable development
has emerged as the most crucial and important component (Zhang et al., 2024). Sustainable
development is a way of developing human society that reconciles economic and social
progress with the full preservation of the environment for present and future generations.
Preserving the environment for future generations in the least altered form is one of the
fundamental objectives of sustainable development (Louéanova et al., 2023). The concept of
sustainable development takes on particular importance in the era of the knowledge society
and economy, as knowledge is the driving force behind the development of individuals and the
economy as a whole. In this context, the concept of sustainable development in the business
environment is often seen as synonymous with success and innovation behaviour and often
has a pro-environmental character in relation to different stakeholder groups in the process of
building systemic value (Grupa Azoty, 2021). Sustainable development centres on the
integration of social, environmental, and economic advantages and fully incorporates all social,
economic, resource, and environmental issues (Deng et al., 2019). Socially, environmentally,
economically, and in terms of resource sustainability, sustainable development is described as
the development that fulfils the needs of current generation without affecting or compromising
future generation's ability to fulfil their own needs (Giddings et al., 2002). Achieving sustainable
development can be approached from the following two perspectives: alleviating environmental
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problems and improving social equity. In terms of addressing environmental problems,
increasing energy efficiency can partially mitigate the adverse impacts of environmental
emissions on sustainable development, thereby promoting it (Dincer & Rosen, 1999). In terms
of enhancing social equity, the use of blockchain technology is coming to the fore, providing
convenience to various economic actors by enabling paperless, automated and publicly
verifiable transactions in real time, thereby improving social equity (Glnay et al., 2023) and
promoting sustainable development.

In 2015, nations from around the world came together in Paris to try to create a framework
with specific goals (Sustainable Development Goals/SDGs) and ensure that they are met by
2030 (United Nations, 2015). The Sustainable Development Goals are a set of 17 goals
adopted by the United Nations in 2015, aimed at achieving sustainable development and
addressing global challenges such as poverty, inequality, climate change, and environmental
degradation (Qazi et al., 2023). The SDGs are designed to be universal and applicable to all
countries, regardless of their level of development or economic status (Sachs et al., 2021).
According to the 2030 Agenda for Sustainable Development, it is a responsibility of the
international community to accomplish 17 goals by 2030, which are measured by 169 targets.
Authors such as Yi & Thomas (2007) and Gavkalova et al. (2022) have pointed out that
achieving the SDGs will require enterprises, the government, and society to come together and
communicate effectively (Saura et al.,, 2022). Nonetheless, since the SDGs were first
announced, NGOs, governments, and international organizations have mostly committed to
attaining them by releasing yearly reports. Numerous big businesses and multinational
enterprises have also demonstrated how important it is to participate in the SDGs (Fidlerova et
al., 2022). Growing in significance is the industry's sustainable development, which takes into
account social, economic, and environmental factors. This strategy aligns with the study of the
wood-based industry's sustainable development. The wood processing business appears to be
important from social and economic perspectives as well as from the position of ecologically
friendly industries, according to Azizi et al. (2016). In light of the current environmental
concerns, it's critical to preserve the socioeconomic activity balance for both current and future
generations.

2. CHARACTERISTICS OF RESPONDENTS

In the present paper, 62 woodworking enterprises from the Slovakia were the subject of
the empirical survey. Based on the European Commission Directive (2003/361/EC), which
divides enterprises into three categories: small enterprises (10-49 employees), medium-sized
enterprises (50-249 employees) and large enterprises (>= 250 persons), the enterprises were
categorised on the basis of their size. 53.23 % of medium-sized woodworking enterprises,
33.87 % of large woodworking enterprises and 12.90 % of small woodworking enterprises
participated in the questionnaire survey. The most represented legal form of business was the
limited liability company (67.74 %). Enterprises operating as the joint stock company obtained
a share of 27.42 %. State-owned enterprises also participated in the questionnaire survey with
a share of 4.84 %. The geographical location of woodworking enterprises in the Slovakia was
also considered in the selection of the research sample. From the data analysis we concluded
that woodworking enterprises in the Slovakia were dominated in the Nitra Region. Their share
was 25.81 %. Woodworking enterprises from the Zilina Region with a share of 19.35 % had the
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second highest share of participation. Furthermore, woodworking enterprises from the Banska
Bystrica Region (17.74 %), the PreSov Region (12.90 %), the Trnava Region (8.07 %) were
represented in the survey. The same share of participation (6.45 %) was obtained by a
woodworking enterprises in the Bratislava and KoSice Regions. The smallest participation of
woodworking enterprises was recorded from the TrenCin Region (3.23 %).

3. RESULTS AND DISCUSSION

The basis for obtaining knowledge about sustainable development in woodworking
enterprises in Slovakia was the implementation of the empirical survey. An electronic
questionnaire was distributed to managers of enterprises in the woodworking industry in
Slovakia. The questionnaire questions were designed in such a way that the current state of
the research problem and further possibilities for the development of sustainable development
in the woodworking industry in Slovakia could be identified.

Respondents were asked in the questionnaire how important sustainability development
is nowadays as part of their business activities. The answers of the respondents revealed that
69.35 % of woodworking enterprises in Slovakia promote the opinion that sustainable
development is important for their business activities. It is partially important for 27.42 % of the
enterprises surveyed. Only 3.23 % of the respondents stated that sustainable development is
not important for them.

Though the idea of sustainable development has been around for a while, climate change
has given it more attention and a whole new meaning in recent years. Sustainable Development
Goals are promoted by 72.58 % of woodworking enterprises in Slovakia. They are partially
promoted by 22.58 % of respondents. The Sustainable Development Goals are not promoted
by 4.84 % of the enterprises surveyed.

The enterprises surveyed were asked how long the enterprise has been involved in
sustainable development in its activities. In the range of 1-5 years, the largest share of
woodworking enterprises (37.09 %) is engaged in sustainable development. In the range of 5-
10 years, 30.65 % of the respondents are engaged in sustainable development. Woodworking
enterprises in Slovakia have been engaged in sustainable development for less than 1 year
with a share of 22.58 %. More than 10 years 9.68 % of the enterprises surveyed have been
engaged in sustainable development for more than 10 years.

Next, the questionnaire survey inquired whether woodworking enterprises have a
sustainability strategy and report on sustainability practices. More than 2/5 of respondents
(45.16 %) have a sustainability strategy. A partially formulated sustainability strategy is in place
for 30.65 % of the enterprises surveyed. A sustainability strategy is being prepared by 20.97 %
of woodworking enterprises in Slovakia. Only 3.22 % of the respondents do not have a
sustainability strategy and at the same time do not report on sustainability practices.

The empirical survey reveals that 38.70 % of the respondents prefer the environmental
pillar in sustainable development. The evaluated results show that with an identical share of
30.65 % woodworking enterprises in Slovakia prefer the economic pillar and also the social
pillar in the framework of sustainable development.

Table 1 summarises the absolute and relative frequencies of responses from the
questionnaire survey. The responses of the respondents indicated that 27.42 % of the surveyed
enterprises understood sustainable development as monitoring emissions and waste
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production. More than 1/5 of the enterprises surveyed, understand sustainable development
as the use of ISO 14001 certification. Purchased raw materials are reused and/or recycled by
19.35 % of the enterprises surveyed consider sustainable development. The procurement
policy of environmentally friendly products is a sustainable development for 16.13 % of
respondents. The surveyed enterprises least perceive sustainable development as reducing
transport costs (12.91 %).

Table 1. Identifying sustainable development

Possibility Absolute Frequency | Relative Frequency
Monltor!ng emissions and waste 17 97 42 %
production

Use of ISO 14001 certification 15 24.19 %
Purchased raw materials can be reused 12 19.35 %
and/or recycled

Plrocurement policy for environmentally 10 16.13 %
friendly products

Reduction of transport costs 8 12.91%

Table 2 identifies the tools in the framework of sustainable development of woodworking
enterprises in Slovakia. According to the aggregated data, 25.81 % of the respondents prefer
Total Quality Environmental Management, while 20.97 % of the survey participants prefer
sustainable manufacturing as well as sustainable logistics. Almost eighteen percent (17.74 %)
of the participants prefer sustainable packaging in sustainable development. The respondents
with a share of 14.51 % prefer green public procurement among the tools.

Table 2. Sustainable development tools

Possibility Absolute Frequency | Relative Frequency
Total Quality Environmental 16 2581 %
Management

Sustainable manufacturing 13 20.97 %
Sustainable logistics 13 20.97 %
Sustainable packaging 11 17.74 %
Green public procurement 9 14.51 %

An important part of the questionnaire survey was to identify what are the barriers to the
implementation of sustainable development in woodworking enterprises in Slovakia. Table 3
identifies that respondents consider lack of state support to be the biggest barrier. At the same
time, more than 1/4 of the respondents opined that they do not have enough financial resources
to implement sustainable development. Administrative complexity is considered as one of the
barriers by 22.58 % of the respondents. Lack of interest from the top management was the next
rated barrier with 6.45 %. Lack of knowledge and information was the least barrier (3.23 %) for
woodworking enterprises to implement sustainable development.
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Table 3. Barriers to implementing sustainable development

Possibility Absolute Frequency | Relative Frequency
Lack of state support 23 37.09 %
Lack of funding 19 30.65 %
Administrative complexity 14 22.58 %
Lack of interest from top management 4 6.45 %
Lack of knowledge and information 2 3.23%

4. CONCLUSIONS

Towards sustainable development is an increasingly important factor in the business of
all economic actors, and its role in the woodworking industry is even more pronounced.
Through a questionnaire survey on sustainable development in woodworking enterprises in
Slovakia, we identified that the majority of respondents believe that sustainable development
is important for their business activities. Sustainable Development Goals are supported by
almost 3/4 of woodworking enterprises in Slovakia. Almost half of the respondents have a
sustainable development strategy and report on sustainable development practices. Of the
pillars of sustainable development, the environmental pillar is most preferred by respondents.
Of the tools used in the framework of sustainable development, the preferred one is Total
Quality Environmental Management (TQEM). The biggest barrier to implementing sustainable
development is the lack of financial resources. The towards sustainable development in the
woodworking industry reflects a broader paradigm shift towards recognising the
interconnectedness of economic progress, environmental care and social well-being.

Acknowledgements: The paper is a partial output of VEGA No. 1/0354/22 research project
titled “Consumer Neuroscience - Innovative Approach to Optimizing Sustainable Business and
Marketing Performance Based on Modern Intelligent Systems”.
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EVALUATING THE POSSIBILITIES OF LCA ANALYSIS
IN CAD SOFTWARE FOR WOOD PRODUCTS

Katarina Remic, Leon Oblak, Luka Goropecnik,
Joze Kropivek, Teja Bizjak Govedi¢, Matej Jost

Abstract: Wood is recognised by the European Union as a promising and sustainable raw material.
However, as with other materials, emissions and impacts must be monitored throughout the life cycle of
products in order to maintain the positive environmental characteristics. Often a full LCA is carried out to
assess the environmental footprint of a product, but some CAD programmes have integrated
sustainability assessment as one of the functions. They allow for a simple emissions assessment during
the modelling phase. The benefits are mainly recognised for environmentally conscious manufacturing,
but some software makes it possible to determine the entire life cycle of a product. Considering the
environmental impact in the product modelling phase with CAD software is a simpler solution for more
conscious production. The aim of this study is to evaluate whether software that is primarily intended for
mechanical modelling can also evaluate wood products and in what extent. Ensuring that the data gaps
relating to the life cycle emissions of wood-based materials and products are closed will make it easier
for CAD developers to include the assessment of wood in their LCA-like tools. Furthermore, as wood-
based materials are very diverse, the integration of Al into such tools will enable faster and more accurate
assessments.

Keywords: CAD software, sustainability tools, wood product design, circular economy, digitalisation

1. INTRODUCTION

A circular bioeconomy has been recognised as one of the solutions to reduce global
warming and greenhouse gas (GHG) emissions such as CO-. The aim of the EU’s transition to
a circular economy is to reduce pressure on natural resources and create sustainable growth
and jobs. This is also a prerequisite for achieving the EU’'s 2050 climate neutrality target and
halting biodiversity loss (A new circular economy action plan, 2020). Strategic changes in the
industry are needed to achieve this environmental milestone. In countries and regions with
large forest areas, lignocellulosic biomass is considered a pathway to a climate-neutral industry
(Juvandic et al., 2023). In addition to the resource-based changes in industry, digitalisation is
also recognised by the EU. Digitalisation not only offers opportunities for the general
development of society, but also enables a more sustainable manufacturing industry through
the digital monitoring of emissions and resource consumption. Since the introduction of Industry
5.0, new priorities have emerged for the development of industry. One of these is the
conservation of resources, climate change and social stability (RTD, 2022). The importance of
digitalisation, digital twins and virtual prototyping in the context of more sustainable products
and manufacturing is recognised in various documents, strategies and initiatives, e.g. in the
New industrial strategy (EC, 2020), the Net Zero Industry Act (EC, 2023), the SME strategy for
a sustainable and digital Europe (EC, 2023), and the 2030 Digital Compass: the European way
for the Digital Decade (EC, 2021).
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Life Cycle Assessment (LCA) is often used to assess the environmental impact of
products throughout their life cycle — from raw material acquisition, manufacturing and use to
waste treatment and disposal (Sala et al., 2021; Sinkko et al., 2023). However, as LCA is time-
consuming and requires specialised knowledge, many leading CAD and CAE software
companies have integrated LCA-like tools with supporting databases into their software to
make environmental impact assessment in the manufacturing industry simpler, faster and more
accessible. (Assad et al., 2021; Chen et al., 2017). Assessing the sustainability performance of
digital twins at the early design stage with such tools can quickly minimise resource
consumption and environmental impact as well as unnecessary production costs. However,
different CAD software programmes have integrated different tools and offer inconsistent
assessment options. Furthermore, most of these CAD programmes and their LCA-like plug-ins
were not originally developed for the woodworking industry and for wood-based products. As
the focus of industrial development is on the substitution of fossil-based materials with
renewable ones, this study aims to analyse to what extent, if at all, an ecological assessment
of wood products in CAD software is possible.

2. CAD-INTEGRATED SUSTAINABILITY ASSESSMENT TOOLS FOR THE WOOD-
BASED SECTOR

Wood-based materials are considered a promising substitute for fossil materials, but
many CAD programmes with integrated LCA or sustainability tools do not fully support the
environmental assessment of wood as a material. This study therefore describes the extent to
which the assessment of wood products is possible in selected CAD programmes. The
programmes examined are: Solidworks, NX, Rhinoceros, Fusion 360, Inventor and Catia.

2.1 Solidworks

The Solidworks software has an integrated sustainability assessment based on the LCA
method. Depending on the licence type, Solidworks SustainabilityXpress or Solidworks
Sustainability (premium licence) is available. The main difference between the two tools is the
ability of Solidworks Sustainability to assess assemblies, while SustainabilityXpress only allows
the assessment of parts. However, both tools are supported by external LCA data — the GaBi
environmental database. Sustainability and SustainabilityXpress allow LCA-like assessment in
real time. In Solidworks Sustainability, wood-based materials are classified as “Wood" and
“Sustainability Extras: Building Materials”. Data is available for balsa, beech, cedar, mahogany,
maple, oak, pine and teak as well as for particleboard, KLH, OSB, chipboard (uncoated and
coated) and wood flooring laminate. In addition, the "Find similar" search engine can be used
to search for a range of other materials. With the sustainability tool, we can define the material,
which is automatically defined as mass, the region where it is produced, the lifetime of the
product, additional processes (electricity consumption, natural gas consumption, scrap rate,
coatings — no/water-based paint/solvent-based paint/powder coating), the region where it is
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used, the transport, the end-of-life scenario (percentage of recycling, incineration and landfill)
and the duration of use. The impact categories to be monitored (carbon footprint, energy
consumption, air acidification, water eutrophication) are presented as pie charts (Figure 1)
showing the proportions of the impacts from the scenarios for the input materials, production,
utilisation phase, transport and end of life.

Environmental Impact
B Mmaterial Buse B Transportation

O Manufacturing OEnd of Life

Duration of Use : | 30.00 :

Carbon Energy
/e

Current Current

Previous Previous

L d

Air Water

, 3 % 3

& Material Financial Impact 4

Previous © 300%

Figure 1. Graphical visualisation of LCA results in Solidworks Sustainability

2.2NX

Nx Sustainability impact assessment is an integrated function of the NX software. It
enables a quick environmental impact assessment during the design phase in real time. Based
on the assigned material, parts and assemblies can be ecologically assessed in various
categories: Climate change, fresh water consumption, human toxicity, energy consumption
(renewable and non-renewable). NX Sustainability enables visual representations and also
provides an overall sustainability rating that takes into account the proportion of recycled
content. The materials included in the NX library do not include wood species or wood
composites. However, NX Sustainability allows the import of external databases containing
wood-based materials.

2.3 Rhinoceros

Bombyx is a third-party plugin for the Grasshopper extension in Rhinoceros that was
developed by ETH Zurich and is therefore supported by an external database of the same
company. The database is extensive and supports a variety of wood materials. As the plugin
was originally developed for architecture, the most important assessment category is global
warming potential. In conjunction with another plugin — Hive - the energy demand can also be
assessed. Based on the 3D model of the layered structure, the data can be parametrically
linked via the plugin to create a time-efficient life cycle assessment. Structural changes and the
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replacement of materials can be monitored in real time. However, the creation of a calculation
model (Figure 3) in Grasshopper is associated with a greater learning effort than environmental
assessments with plug-ins in other programmes.

Figure 2. Visualisation of the environmental impact for each component of the assembly in
NX Sustainability impact assessment

Figure 3. Pathway of life cycle assessment calculation in the Rhinoceros Bombyx

In recent years many add-ons for Rhinoceros and Grasshopper have been developed,
but they all function on similar basis in path modelling in Grasshopper. They differentiate mostly
based on the external supporting database. Some of such plugins are: One Click LCA, Cardinal
LCA, Brimstone, Caala for Rhino, Epic Grasshopper and Goeko.

2.4 Fusion 360

Autodesk Fusion 360 allows us to install various add-ons. A very commonly used
environmental add-on is Manufacturing Sustainability Insights (MSI), which provides
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sequestered carbon data directly from the 3D model. Fusion has an integrated material library
that allows us to predefine the materials of parts and assemblies. The Fusion Library includes
the following wood-based materials: selected hardwood species (ash, birch, cherry, maple,
jarrah, lauan, mahogany, white oak, red oak, poplar, spruce, teak, walnut, redwood), selected
softwood species (douglas fir, scots pine, radiata pine, scots pine, southern pine), selected
wood-based materials (LVL, MDF, particleboard, plywood - sheathing and surface treatment),
shingles - siding, softwood - lumber and surface treatment, construction timber (oak),
construction timber, wood flooring. MSI then recognises the selected materials and suggests
the most similar material from the MSI database. The information and calculations are
supported by the Gravity Climate platform for carbon accounting. The add-in allows us to select
the manufacturing type and additionally compare different manufacturing types for a selected
part. The add-in also allows us to specify the manufacturing region and country. The MSI
material data includes some polymer materials and selected metals. However, there are no
wood types or wood composites, so the plugin is not suitable for evaluating wood products.
The results of the assessment are calculated in real time as CO, emissions (Figure 4).

@ MAKERSITE ADD-ON

# pine and plywood v3 © seeHistory [ Export > Update from source
- v Los E ]
® 3053, _— =
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Figure 4. Results of the global warming potential assessment with Makersite in Fusion 360

Another Fusion plugin that also works on the basis of predefined physical materials is
Makersite. Itis an Al-based, real-time global warming potential assessment tool. The 3D model
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is exported as a bill of materials (BOM). The mass is automatically assigned and substitute
materials are recommended along with the estimated CO, savings in percentages. However,
the database is limited in wood species and composites, plywood is not included for example.
Makersite also allows us to graphically display the CO, emissions of assemblies in a heat map
(Figure 5).

Figure 5. Eco-Designer Engineer tool in 3DEXPERIENCE platform from Dassault Systems

New solutions for the life cycle assessment of 3D models in Fusion 360 are also being
developed. The collaboration between Autodesk, PRé Sustainability and ProtoTech Solutions
is currently in the test phase. It will enable the life cycle assessment of 3D models using the
SimaPRO LCA tool and the Ecoinvent database. The assessment will be available via the
Autodesk Platform Services — API.

2.5 Inventor

Eco Materials Adviser used to be a very frequently used third-party solution for the
environmental assessment of products. However, the add-on was not updated beyond the
Autodesk Inventor 2020 version. Since then, Inventor does not support direct sustainability
assessment of 3D models.

2.6 Catia

The CATIA software is part of Dassault Systems and thus part of the
3DEXPERIENCE PLATFORM, which enables various real-time monitoring of a
product. The impact on the environment is often assessed using the Eco-Design
Engineer tool, which enables a complete LCA analysis. Based on the imported 3D
model, we assign the material, the manufacturing region, the type of processing, the
type of energy used and the end-of-life scenario to each component. The platform is
connected to the external database — Ecoinvent - and therefore offers a wide range of
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data that can be selected for all input categories. A hotspot analysis can be performed
for the production of a product as well as a comparative analysis after some changes
have been made to improve the environmental impact of the selected product. The
calculations are displayed for the following metrics: CO2 emissions, land use, fossil
depletion, water use, minerals and metals depletion, freshwater ecotoxicity, freshwater
eutrophication, acidification, marine eutrophication, terrestrial eutrophication,
photochemical ozone formation, respiratory effects, ionising radiation, carcinogenic
effects, non-carcinogenic effects. For each of these parameters, the specific limit
values that the product must not exceed can be defined. Both the structural and the
phased distribution of CO,, can be visualised. The structural distribution shows the CO,
emissions for each part or component.

3. CONCLUSION

The wood processing sector is undoubtedly a promising industry for the future.
Nevertheless, the impact of products and related processes must be closely monitored to avoid
unexpected negative environmental impacts. CAD-integrated sustainability tools have proven
to be a solution for monitoring environmental impact in the early design phase. However, as
they are based on some kind of material library or external databases, the possibilities for the
assessment of wood-based materials are limited, as most CAD programmes were not
developed for the wood-based materials industry. Some tools are more suitable for the wood
industry than others, but also require more time and expertise to perform environmental
assessments. The aim of future work is therefore to fill the missing data gaps in such tools.
CAD-integrated sustainability tools are under development and will even be connected to Al to
improve the selection of the right materials and processes from the database and make the
assessment easier and faster.
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SCALING FURNITURE MANUFACTURING
MICRO COMPANIES INTO SMEs

Ivaylo lliev

Abstract: The furniture manufacturing sector predominantly comprises MSMEs that started as a hobby
or a passion project. Many of those micro companies never scale up or they do in a long period of time.
In this study, a strategy to successfully scale a company through the use of financial instruments,
improving internal processes, and human resources will be showcased.

Keywords: Micro companies, SMEs, Furniture Manufacturing, Scaling Strategy, Sustainable
Management

1. THE CURRENT STATE OF FURNITURE MANUFACTURING MICRO COMPANIES

In the rapidly evolving market, furniture manufacturing micro companies face the daunting
challenge of scaling up to small and medium-sized enterprises (SMEs). The journey from a
micro to an SME status is fraught with challenges but offers significant rewards, including
increased market reach, enhanced production capabilities, and greater financial stability.

Manufacturing of furniture has a significantly higher percentage of employment in micro
and small enterprises compared to the average manufacturing sector (please see Graph 1).
This suggests a greater number of smaller-scale operations within the furniture manufacturing
industry. The chart showcases the unique structure of the furniture manufacturing industry in
comparison to the broader manufacturing sector, emphasizing the importance of small and
micro enterprises in providing employment and presumably in maintaining the diversity and
vibrancy of the furniture market.

B Average manufacturing [l Manufacturing of furniture

50

40

Micro Small Medium Sized Large

Figure 1: Enterprise size class chart for EU companies, 2021, data from Eurostat
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2. CHALLENGES FACING MICRO COMPANIES

2.1. Competition and Market Pressures

Micro companies face intense competition from larger manufacturers and imported goods,
often struggling to compete on price due to higher production costs. The globalization of the
furniture market has intensified these pressures, with many micro-companies finding it
challenging to expand their market reach beyond local or regional boundaries.

The author has conducted a survey among the people walking out from one of the bigger
specialized stores for furniture mechanisms in Sofia, Bulgaria. The questions were directed at
what were the considered competitive advantages for micro companies. The survey covered
50 people, which reported working or owning a micro-enterprise for furniture manufacturing.
The author is going to use it as a representation of the struggles that a micro company in

manufacturing is facing within the European Union.

The respondents were asked if the following were bringing competitive advantage for their

business

Table 1: Competitive advantages of the micro companies

Product

Price of product/services
Product quality

Product customization
Customer experience
Excellent customer experience

Personalized attention to each client

Building lasting customer relationships
Workforce

Employee effectiveness

Experience in furniture making

Skilled workforce

Focus on learning and continuous
development

Percentage
[

%
48%
96%
98%

98%
96%
86%

74%
70%
84%

98%

People responding they feel that
their business has a competitive
advantage

24
48
49

49
48
43

37
35
42

49
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Employee loyalty 2% 36
Company

Openness to change 94% 47
Focus on development 86% 43
Political and legal restrictions 94% 47
Use of modern management tactics 24% 12
Tools & Machinery

Own a variety of professional
equipment 34% 17

Access to the possibility to finance
(through loan) the purchase of large
machines 14% 7

The survey results review a diverse range of competitive advantages across different
aspects of the business, showcasing a varying degree of strengths and weaknesses. In the
product category, there's a notable split in perception; while a large majority of respondents
see product quality and customization as key competitive advantages they deliver upon, with
96% and 98% respectively, less than half consider the price of products and services to be an
advantage their business relies on. This indicates that businesses may be competing more on
the uniqueness and quality of their offerings rather than on cost.

Customer experience is another area where respondents overwhelmingly feel they have
an edge, with excellent customer service and personalized attention each scoring high, at 98%
and 96%. This high valuation suggests that businesses prioritize establishing a strong rapport
with customers, which is seen as a crucial element for their success. The ability to build lasting
relationships with customers is also highly regarded, though it is slightly less pronounced at
86%.

Regarding the workforce, a robust 98% of respondents identify a focus on learning and
continuous development as a significant advantage, indicating a commitment to fostering a
culture of improvement and skill advancement within their teams. A skilled workforce is
considered an advantage that a strong majority has, but the effectiveness of employees and
their loyalty, are not strong competitive advantages owned by the micro-enterprises in Bulgaria
manufacturing furniture.

In the company category, openness to change and adeptness at navigating political and
legal restrictions are considered major advantages by 94% of respondents, underscoring the
importance of adaptability and regulatory compliance in the business landscape. However, the
use of modern management tactics is not implemented or used by the respondents in the
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survey, suggesting a potential area for development or a preference for traditional management
styles.

Finally, when it comes to tools and machinery, a minority of respondents own a variety of
professional equipment and thus do not have a competitive advantage over larger enterprises.
Even fewer have access to financing for large machine purchases. This indicates that this is
one of the struggles that micro companies are facing in Bulgaria - getting funding to purchase
large machinery and thus an opportunity to grow the business.

Collectively, these insights reflect that for micro-enterprises within furniture
manufacturing, the key to their performance is excellence and customization in product
offerings, coupled with high-quality customer service. At the same time, micro-enterprises have
less access to large machinery equipment (they need to pay larger enterprises for a service in
order to do certain tasks) and thus are losing on price competitiveness - simply because of the
larger costs they make to create the product.

2.2. Regulatory and Environmental Challenges

Micro furniture manufacturers are facing significant challenges with regard to their
compliance with the European Union environmental regulations. The last were designed to
minimize the environmental impact of manufacturing processes and ensure the sustainable use
of resources as well as safeguard customer health and safety.

The challenges that micro furniture manufacturers are facing are related to costs -
compliance usually requires higher investments to upgrade facilities or use equipment that
meets environmental standards. Micro companies usually don’t have a legal team or the ability
to pay for consultancy fees.

Compliance with European Union regulations, including environmental standards, safety
norms, and labor laws, presents another significant hurdle. While these regulations aim to
ensure sustainability and consumer protection, the associated compliance costs can be
disproportionately high for micro companies.

In addition, adapting to a green production model can require significant changes to
established manufacturing processes. This might involve reducing energy consumption,
minimizing waste, or switching to less harmful chemicals and finishes. Such changes can
necessitate a redesign of products or even the abandonment of traditional techniques that are
integral to the identity of the micromanufacturer.

3. THE ROAD TO GROWTH

For micro furniture manufacturers to transition into small and medium-sized enterprises
(SMEs), they must navigate a series of growth challenges while leveraging their unique
strengths. One key strategy is differentiation; by focusing on the high quality and customization
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that already set them apart, these micro-businesses can carve out niche markets where they
can command higher prices and customer loyalty. Building on this, they can invest in marketing
and branding to elevate their visibility and value proposition in a crowded marketplace.
Enhancing their online presence and e-commerce capabilities is also crucial, as digital
channels can significantly expand their market reach beyond local boundaries.

Financing growth is another critical factor. Access to capital through loans, grants, or
investors can enable investments in scaling up production capacity, modernizing equipment,
and hiring additional skilled staff. Streamlining operations for efficiency, perhaps through
adopting lean manufacturing principles, can help in managing costs and improving output as
demand grows. With demand growing, they would be able to apply for larger loans in order to
purchase bigger machinery and mre professional equipment that will allow them to grow to
small and medium enterprises.

Additionally, aligning with environmental regulations not only ensures compliance but can
also open doors to new market segments that value sustainability. Partnerships with larger
distributors or entering into B2B contracts can provide steady revenue streams and further drive
the transition from micro to SME status. By systematically addressing these areas, a micro
furniture manufacturer can set the stage for sustainable growth and evolution into a small or
medium-sized enterprise.

Another important factor for the growth of micro furniture manufacturers to SMEs is
marketing. Effective marketing acts as the engine of growth, helping to build brand awareness,
communicate the value proposition, and attract a larger customer base. Through different
marketing channels, small-scale producers can showcase their unique designs, sustainable
practices, and higher quality. Moreover, it allows manufacturers to engage directly with
customers, gather feedback, and foster a community around their brand. As micro
manufacturers scale into SMEs, marketing becomes increasingly critical to enter new markets,
whether that's geographically or through diversifying.

In conclusion, despite the myriad of challenges facing micro furniture manufacturers in
the European market, the potential for growth into SMEs remains a tangible and achievable
goal. By leveraging their strengths in producing high-quality, customizable products and by
embracing the power of effective marketing to tell their unique stories, micro-enterprises can
connect with a broader customer base and carve out their niche. Access to various forms of
financing, a willingness to embrace sustainable practices, and the strategic use of digital tools
can all act as catalysts for growth and help them become symbols of the entrepreneurial spirit
that drives the European economy.
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MEASURING AND INCREASING THE OVERALL
EQUIPMENT EFFICIENCY IN FURNITURE MANUFACTURING
TOWARDS AGILE PROCESSES

Andrea Janakova Sujova, Lubica Simanova

Abstract: Manufacturing companies are constantly looking for opportunities to improve process
performance to maximize customer satisfaction and improve their financial performance. Current trends
in process management related to the development of lean concepts and process agility bring to the fore
the importance of monitoring the overall efficiency of production facilities. The aim of this paper is to
show the determination of the level of the Overall Equipment Effectiveness (OEE) indicator in a selected
production facility in furniture manufacturing (veneer gluing line), as well as the analysis of the causes of
problems in the veneer bonding process and their impacts on the OEE. Source data was obtained by
diagnosing and measuring organizational causes, disorders, and deficiencies in material quality. The
continuous monitoring of downtime and its causes through the tracking of OEE levels allows to reveal
opportunities to improve the performance of production processes and contributes to their agility.

Keywords: Overall Equipment Effectiveness (OEE), furniture manufacturing, performance, process

agility

1. INTRODUCTION

Process agility refers to the ability to adapt to rapid changes, innovations, and market
demands. In the context of manufacturing, this means that processes should be flexible to
respond quickly to changes in demand, technology, or other factors. Process agility enables
faster introduction of new products, optimization of production, increased performance, and
better competitiveness. Agility is a widely debated concept and is often thought of as general
change. The orientation of companies to agility is one of the keys to achieving commercial
success. A widely held view emphasizes that agility is like a Swiss army knife because it
represents a solution to almost any problem that companies face (Jesse, 2019).

Measuring process performance through OEE (Overall Equipment Effectiveness) as a
quantitative indicator of the efficiency of production equipment expresses the percentage of
production time that was actually used productively. OEE is considered a standard indicator in
lean manufacturing systems and also serves as a benchmarking indicator. The intention of
manufacturing companies at present is to increase productivity, quality, efficiency, and
performance of production processes. When addressing competitiveness challenges,
companies are forced to look for ways to improve the quality of their products, reduce costs
and meet ever-changing customer requirements. The recent competitive trends and ever-
increasing business pressures have been putting maintenance function under the spotlight as
never before (Garg and Deshmukh, 2006). The changes in the current business environment
are characterized by intense competition on the supply side and heightened volatility in
customer requirements on the demand side. These changes have left their unmistakable marks
on the different facets of the manufacturing organizations (Gomes et al., 2006). One of the
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successful solutions to these problems is the adoption of innovative techniques such as Total
Productive Maintenance (TPM). It establishes a system of productive maintenance, covering
the entire life cycle of equipment, covers all department, involves participation of all employees
from top to bottom and promotes small group autonomous activities (Kumar et al., 2012). In
manufacturing industries around the world, the Overall Equipment Effectiveness (OEE)
indicator is used to monitor performance. Muchiri et al. (2011) state that most research on OEE
concerns maintenance. Andersson and Bellgran (2015) complement other areas such as
increasing productivity. The OEE is one of the innovative approaches to maintenance that
eliminates breakdowns and promotes autonomous maintenance by operators through day to-
day activities involving total workforce (Singh et al., 2013). OEE was originated from the Total
Productive Maintenance practices, is define as a result can be expressed as the ration of the
actual output of the equipment divided by the maximum output of the equipment under the best
performance condition (Almeanazel, 2010). Zammori et al. (2011) considered OEE as a
stochastic random variable, and of which the probability density function is generated through
the aggregation of the probability density function of the underlying causes of waste. The
authors Hedman et al. (2016), and Binti et al. (2016) emphasize that validity and usefulness of
OEE estimate are highly dependent on the data collection which needs both availability and
accuracy of data especially the accuracy which determines the OEE values.

Table 1. Maintenance rating based on the OEE.

OEE CLASSIFICATION [MPACT ON COSTS AND COMPETITIVENESS
<65% Unacceptable Economic losses. Low competitiveness
> 65% < 75% Regular Economic losses. Acceptable only if the

quarterly trends are improving
Slight economic losses. Slightly low

0, 0,
= 75% < 85% Acceptable competitiveness, it is necessary to improve
> 85% < 95% Good Good competitiveness
=95% Excellent Excellent competitiveness

Source: Cercésa et al.2019

2. METHODOLOGY

Overall Equipment Effectiveness (OEE) represents the actual capacity to produce without
defects, the process performance, and the equipment availability. It requires daily information
of the process. Is considered the main indicator to measure the success of the implementation
of the TPM methodology (Jeong, Phillips, 2001). It is calculated as the product of equipment
availability, the efficiency of the process performance and the rate of quality products [Dal et
al. 2000, Ljngberg, 1988). The formulation is the following (1):

OFE = Aeffoeffoeff (1)
When:
Aerr— The availability efficiency
Pet— The Performance efficiency
Qerr- The Quality efficiency

58




17t International Scientific Conference WoodEMA 2024
GREEN DEAL INITIATIVES, SUSTAINABLE MANAGEMENT, MARKET DEMANDS,
AND NEW PRODUCTION PERSPECTIVES IN THE FORESTRY-BASED SECTOR

Based on almost 50 years of experience, the American company Lean production states
that the value of OEE in discrete production is in the values given in Table 2.

Table 2. OEE values according to the American company Lean production

OEE CLASSIFICATION IMPACT ON IMPROVEMENT
45% Low level Not an unusual condition, a large area for rapid
improvements through simple measures
60 % Typical level Typical level. Significant area for improvement.
85 % World Class World class level. A long-term goal for many
companies.
100 % Perfect level Ideal production without downtime, with optimal
speed and in perfect quality.

Source: https:/4industry.consulting

3. RESULT AND DISCUSSION

Basic data on downtimes and their causes on the most faulty equipment - veneer gluing
line were obtained during 45 weeks of production of furniture parts and are shown in
percentages in figures 1 and 2.

The downtime of the equipment :
The causes of the downtime
60% 287
il | 80% 68%
2 40% | 7% | 5
i 30% % % 60% ‘ 50%
2 20% i g 4% ‘
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° ,
&b\ \é > < @ & ‘g’\ 0% L /,
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K & & & materials
2 3
& "\\é\ &Aé\ \‘7§\’)é
& 0
Equipment Downtime
Figure 1. The downtime of the equipment Figure 2. The causes of the downtime

Figure 1 shows the percentage of downtime on individual types of equipment needed in
the production of furniture parts. The highest share of 54% of downtime from the total work time
was found at the upper veneer’s portal device, on which the operation of placing the veneer on
the upper side of the part covered with glue is carried out. The organizational downtime was
caused mainly by the replacement of suction cups, problems with the start-up of the equipment,
slowing down of the veneer deposition speed and changes in the synchronization of the upper
veneer’s portal with the subsequent equipment, which was the press. After the introduction of
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corrective measures, there was a drop to the level of 32%. The resulting downtimes were
caused by equipment failures at the level of 68%, after the introduction of corrective measures
they decreased to 50%. We can conclude that the quality of the material had the lowest
influence on the OEE indicator of equipment downtime, and the value dropped to 6% from 15%
of detected material discrepancies.

The development of the individual OEE indicator and its components such as equipment
availability, equipment performance and quality level expressed as a percentage over a period
of 45 weeks of measurement and calculations is shown in Table 3.

Table 3. Values of availability, performance, quality and OEE indicator

Week | Availability rate % | Performance rate % | Quality rate % OEE %

1.-5. 92.63% 95.13% 89.17% 78.58%
6.-10. 93.27% 91.26% 86.32% 73.47%
11.-15. 93.12% 94.18% 82.48% 72.34%
16. - 20. 93.25% 93.17% 83.75% 72.76%
21.-25. 92.98% 92.01% 82.51% 70.59%
26. - 30. 95.72% 97.48% 93.19% 86.95%
31.-35. 96.12% 96.59% 95.48% 88.65%
36. - 40. 95.17% 97.89% 95.53% 89.00%
41. - 45, 96.23% 94.28% 98.36% 89.24%

Table 3 shows the time development of the OEE indicator. With the gradual introduction
of corrective measures, the value of the OEE indicator rose to the level of 89.24%, while the
average value of the OEE indicator showed a value of 88.46%, which is an increase of 73.55
% compared to the results of measurements and calculations in weeks 1-25.

0 66 Paretto diagram of the pressing process o =
> 9 1o~
5 60 y =
S50 % 8
£ &
30 E
sy B ® 5 5 4w 5 T g £
o WM NN .
§ 0 i H e = Aﬁ ®
o — - B - L
w2 2 5§ £ 3 2 & 52 38 3 8 B o
£> 2 = 2 kS T S > 5 @ S ‘s
E2 § 3 8 > & §E £ 2 9o z %
28 £ T E 8 s 8 8 £ § 8
Q = (=] o —_ = E 7] h =
§5 = 5 3 3 s s & 3 *
Qs x =2 2 2 =
© = A ° o
, ; = 5
Defects in the pressing process “

Figure 3. Pareto diagram of the pressing process
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By detecting the occurrence of non-conformities through the Pareto diagram, key non-
conformities affecting quality and subsequently the OEE indicator were identified. Baseline data
were obtained by measuring disagreements over 45 weeks and their identification is shown in
Figure 3.

The Pareto diagram of the pressing process shows that the performance of the pressing
process was most affected by discrepancies caused by application of glue and workmanship.

4, CONCLUSION

The total average value of the OEE indicator during the measurements was 80.18%. In
weeks 1-25, the average value of OEE reached the level of 73.55%. By comparing it with the
evaluation classification according to Cercés et al. (2019) we can state that the veneer gluing
line equipment was included in the classification group in the range = 75% < 85% with an
acceptable result, with moderate economic losses, low competitiveness and it was necessary
to improve its performance. By comparing the results of the measurements with the OEE values
according to the American company Lean production, we can place the device in the group of
typical level with significant area for improvement. By identifying opportunities for improvement
and after implementing corrective measures to improve the operation of the equipment,
organizational measures, and measures to reduce the number of non-conformances, the
average value of OEE reached 88.46%. The given average value of the OEE indicator ranked
the device according to Cercos et al. (2019) into a higher group with values of the OEE indicator
= 85% < 95%, which is characterized as a good level with good competitiveness and according
to the American company Lean production into a world class group with an OEE value above
85%, which is considered long-term the goal of many companies. The aim of the article was to
increase the efficiency of the veneer gluing line equipment by identifying the main downtime
losses in furniture production, such as identifying the causes of critical equipment downtime,
analysing quality discrepancies due to machine malfunctions, and analysing the overall
efficiency of the equipment OEE. We are not aware of the existence of studies using a
combination of the mentioned methodology in the conditions of the furniture industry.
Continuous monitoring of downtimes and their causes through monitoring of OEE levels makes
it possible to discover opportunities to improve the performance of production processes,
contributes to their agility and higher competitiveness.

Acknowledgements: The paper is a partial result of the grant scientific project VEGA
1/0333/22 Business agility - the ability to effectively adapt to unpredictable changes in the
environment in the context of corona crisis during the COVID-19 pandemic.
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THE ROLE OF WOOD BIOMASS
IN SLOVENIA'S GREEN TRANSITION

Andrej Senegacnik

Abstract: Slovenia is a very forested country, share of forest is equal to 58%. The current energy use
of wood fuels is 544.4 ktoe which represents almost 10% of the country's energy supply. The ambitious
environmental plan of the European Union is the "Green Deal", which envisages that EU countries will
achieve zero greenhouse gas emissions by 2050. Each EU country has drawn up its own national
strategy, which predicts several different scenarios for achieving climate neutrality in 2050. The article
analyses the Slovenian measures and strategy for the use of wood fuels for energy purposes. The
national plan does not demand the excessive use of wood for energy purposes and remains within
reasonable limits of sustainable forest use. The forecast for processing biomass into synthetic fuels is
rather more optimistic.

Keywords: wood fuels, forest, green transition, national energy and climate plan.

1. INTRODUCTION

The last environmental conference COP28 brought several agreements, including a
commitment to abandon fossil fuels. The media, politics, many international forums are full of
plans, strategies and commitments to reduce greenhouse gas emissions (GHG) and prevent
further warming of the planet. Politicians and environmental protesters have extremely
ambitious demands regarding the limitation of greenhouse gas emissions, because they are
completely convinced that mankind is the only one to blame for climate change and that we
can influence the planet's climate by changing our behaviour? The very demanding
environmental plan of the European Union (EU) is the "Green deal" - it assumes that the EU
countries will achieve climate neutrality by 2050 with zero emission of greenhouse gases, the
abandonment of fossil (and nuclear) fuels and the transition to renewable energy sources
(RES) [2].

Also, the Long-term Climate Strategies of Slovenia [7, 8], a member of the EU, follow
European guidelines with the goal of achieving climate neutrality by 2050. Slovenia is a very
forested country and therefore the use of wood for energy purposes has been present for
centuries. The role of wood in the Slovenian green transition strategies is briefly presented in
this article.

2. STRATEGIES FOR ACHIEVING CLIMATE NEUTRALITY

The National Energy and Climate Plan (NECP) [8] of Slovenia is a strategic document
that must set goals, policies and actions for the five dimensions of the Energy Union by 2030
(with a view to 2040): 1. decarbonisation GHG and RES, 2. energy efficiency, 3. energy
security, 4. the internal energy market; and 5. research, innovation and competitiveness. In
order to achieve the goals, several scenarios are created that differ in intensity, as well as in
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the intended path, e.g. use of nuclear energy or not. Some of the scenario assumptions can be
considered very optimistic and somewhat contrary to thermodynamics and permanent raising
energy consumption in the past. It is assumed that energy efficiency will increase so much that
final energy use will decrease by 30-40% by 2050, Figure 1.
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Figure 1. Final energy use in Slovenia — scenarios forecast to 2050 [7]

In some intensive scenarios, forecasts regarding greenhouse gas emissions are similarly
very optimistic. As can be seen from Figure 2, negative carbon emissions are also achieved in
the very intensive scenario in 2050 through carbon accumulation in wood and other biomass.
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Figure 2. Scenarios forecast of GHG emissions in Slovenia [1]

3. LULUCF SECTOR - LAND USE LAND USE CHANGE AND FORESTRY

The LULUCF sector includes emissions and removals (i.e. sinks) that arise mainly from
the use of forest land, i.e. accumulation of CO; in wood, as well as due to the use of arable
land, grassland, settlements and other land [3]. In the past, the course of net emissions in the
LULUCF sector was most influenced by the increase in the area of managed forest land,
including the accumulation of wood stocks, which was pronounced until 2007. After 2007, sinks
on forest land decrease, as potential and realized felling gradually increase [4]. Initially, this
was dictated by a change in the forestry policy, which followed the direction of the national
forest program, that the possible cut can reach 75% of the increment. In recent years, the height
of actual felling in forests has been significantly affected by natural disasters. From 2014
onwards, a sharp decline in the sink in the sector can be observed, which is the result of natural
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disasters and related sanitary cuts due to ice breakers in 2014 [14], bark beetle attacks in 2015
and 2016, wind breakers in 2017 and 2018 in Slovenian forests [12]. The goal of the sector
under one of the scenarios is a net sink of at least -3,000 kt CO2 eq in 2050. In doing so, it must
be ensured that the change in the carbon stock (calculated as a sink) in the obtained wood
products (i.e. sawn wood, wood panels and paper) increases by 100% or to -370 kt CO, yearly.
Projected emissions of the LULUCF sector are shown in Figure 3 under different scenarios.
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Figure 3. Left: LULUCF sector forecast emissions [1], Right: Cross-sectoral comparison
of emissions with the LULUCF sector [8]

Forests cover 58% of the surface of Slovenia. The wood stock of forests in Slovenia is
estimated at 357 million m3 or 303 m3/ha. The annual increase is estimated at 8,736,972 m3 or
7.43 m¥ha. The potential felling at the country level, determined by official institutions, has
increased from 3.2 million m3 (1994) to 7.2 million m3 (2022). It is estimated that roughly 5.6
million m® of wood mass was cut in 2022, or 74% of the allowable cut. The share of sanitary
felling reached 31% [11].

4. WOOD BIOMASS

The use of lower quality wood and wood waste for industrial and energy purposes greatly
improves the economics of wood processing chains. Wood biomass is of great importance in
the production of heat and electricity in district heating systems and industry. In the future wood
biomass will be encouraged to be used for energy purposes in a controlled manner and with
the highest possible yield and the lowest possible negative impact on the environment with the
lowest possible emissions of outdoor air pollutants: particles, polycyclic aromatic hydrocarbons
(PAH), etc. The use of sustainably available wood biomass will be prioritized in the gasification
of wood biomass with the aim of producing synthetic gas and hydrogen and injection into gas
pipeline networks with the aim of minimizing the number of energy conversions and losses of
the available potential of wood biomass as well as the co-production of electricity and heat in
industry, district heating systems and services, where it is possible to exploit we achieve the
maximum overall efficiency of the available heat.

According to statistical data, the production of round wood suitable for energy purposes
from forests (firewood category) in 2021 was only 1,115,000 m3 (net volume), of which
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997,000 m? were hardwoods and 118,000 m? conifers [11, 13]. According to the strategic
orientations, which give absolute priority to the processing of wood into products, it will be
possible to use only part of the potential of lower-quality round wood and a larger part of wood
residues and spent wood for energy production. The needs of the wood processing industry for
low-quality round wood are expected to increase to 1,098,000 m3 by 2025, of which 360,000
m3 are hardwoods and 738,000 m3 are softwoods (net volume). In 2021, according to the latest
estimates a 980,000 m3 of wood (net quantity) was used for these purposes. Data on the
production of forest wood assortments show how much round wood from forests is directly
used for energy purposes. The potentials in forests are higher, since the production of forest
wood assortments does not include the amount of small wood (diameter below 10 cm) and the
amount of logging residues, and significant potential for energy purposes is also represented
by unpolluted wood residues and unpolluted spent wood. According to the data from the wood
chipper census conducted in 2021 by the Forestry Institute of Slovenia, the production of wood
chips in 2020 was 2,417,000 m3. According to statistical data, the consumption of wood for
energy purposes in 2021 amounted to 2,518,800 t. The potential for obtaining energy from
forest biomass is estimated at 6,598 GWh of heat and 326 GWh of electricity [6]. With this,
wood will contribute most of the heat (over 90%) and about a third of the electricity from
agriculture and forestry sector. Encouraging the co-production of electricity and heat while
ensuring useful heat consumption is one of the necessary measures for more efficient use of
wood biomass. In large thermal power plants, in addition to the basic energy source, biomass
and wood chips are also used as a source of RES. The annual consumption of biomass for
these purposes fluctuates and in 2021 reached 123 kt, and the production of electricity
50 GWh. Biomass is becoming competitive with imported coal for the production of heat and
electricity, but its use is limited to co-firing on an existing coal plant and not on its own. In the
future, it is therefore necessary to support modern and efficient systems for the simultaneous
production of heat and electricity in industry, where the demand for both heat and electricity is
high throughout the year. Special emphasis should be placed on supporting combined heat
and power (CHP) systems in the wood processing industry, where wood residues are produced
(wood scraps, bark) and at the same time the need for heat throughout the year is also
permanently high (wood drying).

According to NECP, the consumption of wood fuels for this type of use is not expected to
increase, Figure 4 (left) [8]. As the energy efficiency of households increases, the consumption
of wood fuels is expected to even decrease Figure 4 (right) [8].
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Figure 4. Left: NECP predicted wood fuel consumption. Right: Structure of final energy
consumption — considering the current situation, visible savings in households and transport
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4.1. Synthetic fuels from biomass

In the future, the use of renewable hydrocarbon synthetic fuels is predicted, which will be
obtained from green hydrogen (electrolysis of water) and renewable carbon in the form of CO
or CO,. Any kind of biomass can be used as a renewable source of carbon, including waste
wood biomass that is useless for conventional energy use (combustion or processing into wood
chips, etc.). Current technology is that the biomass is first gasified with pure oxygen and
synthesis gas is obtained from which methane and other hydrocarbons can be further
synthesized. This type of process is energy-consuming with an energy efficiency of 30-40% [9].
This means that for the synthesis of 1 GWh of synthetic methane (natural gas), it is necessary
to invest ~2.5-3 GWh of energy (of which more than ~80% of the electricity for the electrolysis
of water and obtaining pure oxygen for gasification) and ~210 m?3 of air-dried wood as a
renewable source of carbon (~54 t). To replace the entire amount of natural gas that Slovenia
consumes annually, i.e. ~10 TWh, we would need as much as 2.1 million m3 of wood (almost
the entire annual amount of wood that is currently used for energy use) and an additional
~30 TWh of electricity for synthesis (current electricity consumption is ~15 TWh).

As can be seen, such wishes and strategies of the green transition are technically
unrealizable and also technically absurd. In the case of the synthesis of gasoline or diesel fuels,
the specific consumption of energy and wood per kg of synthetic fuel increases even more.
There are many options for obtaining renewable carbon (or CO,) for synthesis, but will they
make sense [5]? In various IEA scenarios [10], ambient air or sea water is assumed as the
source of renewable CO; for fuel synthesis. The energy consumption to obtain 1 kg of carbon
(in a form of CO,); from air is ~8 kWh, from sea water is ~6 kWh [9].

5. DISCUSSION AND CONCLUSIONS

The NECP does not envisage a very intensive increase in the consumption of wood fuels
for energy purposes (given the current situation), because this could have a negative impact
on biocapacity and CO; sinks if used inappropriately. The official forestry plans for the period
2021-2030 envisage the continuation of the accumulation of wood stocks in forests, as well as
additional measures to improve the structure of forests and their adaptation to climate change.
The implementation of measures in connection with felling is limited, in reality less wood is cut
than the planned felling, which further increases the sinks from the forests. A very sensible
strategy that defines policies and measures for the LULUCF sector - the sustainable
management of agricultural land and forest - is to achieve zero growth in built-up areas by 2050
and increase the amount of agricultural land for food production. Forests are managed
sustainably. Considering the existing forest management instruments and policies the carbon
sinks will probably increase, but it is questionable whether the increase in the sinks will reach
the target value of 4.5 Mt. Current projections of net emissions from the LULUCF sector for
2030 range between 3.9-5.1 Mt CO eq.

As the energy efficiency of the utilization of the available wood biomass will increase, the
direct use (by combustion) may decrease. Regarding the use of the remaining sustainably
available wood biomass, the NECP has optimistic forecasts with gasification and synthesis with
green hydrogen into synthetic natural gas, which in reality is very energetically and
technologically demanding process.
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INNOVATIVE PRACTICES AND MULTIFUNCTIONAL
APPLICATION OF WOOD MULCH IN EUROPE

Teodorina Turlakova, Gergana Slavova, Tanya Georgieva

Abstract: Wood mulch is mainly obtained from tree bark, wood shavings, pine straw, forest moss and
leaves. Natural mulch, on the other hand, can also be produced from grass clippings, hay, leaves,
manure, compost and other natural materials. Such a product can be used to decorate paths and parks,
and it could be painted with harmless (natural) paints in contrasting colors, sometimes in combination
with colored pine cones of various shapes and sizes. The great advantage of wood and natural mulch is
that within four to five years it turns into compost that nourishes the soil, in a completely natural way. The
purpose of this paper is to investigate the factors that stimulate and hinder the implementation of
innovative practices in the agricultural sector, based on natural wood mulch in Bulgaria, as well as to
compare it with its multifunctional application in other European countries. A method of analyzing
diffusion of innovation, comparative analysis, along with methods of induction and deduction were used.
The results can be applied by various forestry, agricultural, constructions, educational, industrial and
commercial companies, agricultural producers, scientists and researchers in the field of forestry and
agriculture sector, as well as by farmers and agrarian specialists.

Keywords: wood mulch, natural mulch, agriculture, forestry, tree bark, agribusiness

Many factors influence management decisions and management actions in the
agricultural sector. Mulching is a very important part of ecological and nature-friendly farming,
carried out in vegetable and fruit gardens. It is characterized by placing a specific cover on
arable plots of land in order to create benefits for the soil and preserve the integrity of plant
roots. Mulching is part of the green economy(Zhang, 2022). At the same time, the role of
mulching as a strategic solution in the sustainable management of the agrarian business, with
which to preserve moisture in the soil and to protect cultural plants from weeds, is essential
(Altieri, 2004). Part of the main factors affecting the agrarian sector are directly related to the
very specifics of the production process, such as the production of biologically living organisms,
the direct impact of natural-climatic factors and agricultural land as the main production factor
in the agrarian sector (Slavova, 2019). Along with them, like other sectors of the world economy,
the factors of capital, innovation, entrepreneurship and workforce are used as economic
resources to create goods. In parallel, there are a number of factors that have a strong impact
on the diffusion of innovations in agribusiness (Georgieva, 2018). These factors can be divided
into two main groups, with the first group of factors covering primary and secondary
characteristics of the innovation. The diffusion of innovations in agriculture is significantly
influenced by drivers such as the comparative advantage of technology. Sustainable agriculture
is based on integrated management solutions and organic guidelines in agribusiness (Bavec,
et all, 2009). In our particular case, compatibility, complexity, and the ability to test mulching in
agriculture, as well as the ability to monitor the results of implemented mulching technology in
other farms or other types of sectors of the economy, are the main comparative advantages of
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the technology. Primary innovations related to mulching are characterized by costs of acquiring
the necessary mulching materials, which can be, for example, organic materials (herbaceous
or woody, often obtained from the shredding of plant residues, including wood, grass, cones,
hay, etc.), the use of special mulching sheets of synthetic or bioplastic films or of natural fibers.
In fact, mulching is not a management trick, it has existed for millions of years in nature and
bare soil is very rarely found in natural ecosystems. All trees, including conifers, change their
leaves and thus form a gradually growing layer of organic matter at their base. This layer is
called natural mulch. Biological mulch, on the other hand, can be from tree bark, hay, dry
leaves, grass clippings, shredded pine bark, biodegradable cardboard or bioplastic films,
synthetic non-woven fabric from jute fibers, even sand, short hemp fibers, stones most already
for succulent plants, pine needles (applicable, for example, to strawberry plantations). In global
agricultural practice and in Europe, wood shavings or small wooden pieces, suitable for shaping
paths or rock gardens, are mostly used. Mulching is very important for plant health, but also for
soil fertility. Mulching materials can also act as natural fertilizers. These in turn help the soil to
recover to its basic structure and become much more productive as arable land.

Mulching is appropriate in any area and in almost within all types of agricultural activity
(Hilhorst, 1990). This is why the use of organic mulching methods is recommended. Table 1
summarises the main organic as well as some synthetic mulching materials. Their application
is much more ecologically sound and sustainably justified (Hobbs et all, 2011).

Table 1. Basic organic and inorganic mulching materials

Types of mulching Main representatives of mulching materials for
materials Europe

1 Basic organic mulching Hay (cut grass); Straw and stems; Leaves of all

materials kinds of trees and shrubs; Pine leaves and bark

from the pine trees trunks fallen in the forests;
Sawdust residues and lumberyard wood scrap;
Wood chips specially developed for organic
mulching; Some cover plants such as clover,
vetch, beans, efc.

2 Inorganic mulching Pebbles and larger stones, pumice, wool, woven
materials fabrics, mulching paper, black or clear
polyethylene, nylon, plastic sheets and foil;

Mulching prevents many negative results in agriculture. It is among the best forms of
adaptive management, taking into account the ecological aspects of environmental protection.
(Berkers et all, 2000) Part of the negative consequences that mulching overcomes are weed
control and soil erosion. Forage crops such as clover and fenugreek can be planted for mulch
when growing fruit trees. In the recent past, mulching was mostly biodegradable or organic
materials, today, unfortunately, it is increasingly synthetic materials and plastic or nylon
coverings are found in yards and gardens. However, these covering materials do not have any
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effect on the physical structure of the soil, they only facilitate harvesting and prevent weeds.
The role of knowledge, skills and perceptions of agricultural workers is very important in
introducing the mulching process (Seline, 2015). Inorganic materials are not a natural type of
soil fertilizer and unlike natural mulching materials do not improve soil structure. For large areas
of agricultural land, it is advisable to use organic mulching materials, such as straw and
sawdust, which are placed around the cultivated plants by special machines. Table 2 presents
the main advantages of mulching along with some of its disadvantages.

Table 2. Advantages and disadvantages of organic and inorganic mulching

Benefits of mulching in agriculture
with organic materials

Disadvantages of mulching in the
agricultural sector with inorganic materials

Prevents soil water loss

Sometimes artificial materials such as
nylons and polyethylenes steam the soil

Provides significant weed control

Partially provide weed control

The soil warms up more and this is
favorable for spring crops

The soil can sometimes overheat from the
use of black films and polyethylenes

Prevents wind erosion

It does not reduce wind erosion

Reduces water erosion damage

It does not prevent water erosion

Adding organic matter to the soil

It does not add organic matter to the soil

Encourages the production of
humus in the soil

Accumulation of harmful and non-
degradable materials in the soil

The secondary characteristics of innovation through the application of mulching in
agriculture and the agrarian sector, as comparative advantages with respect to the non-
application of mulching techniques, are mostly based on:

«  preventing weed growth by blocking sunlight and its penetration into the soil;

«  conserving additional water input to the soil by reducing or preventing evaporation
from the surface of the top layer of the soil;

«  preventing root system of crop plants from being exposed in the soil and preventing
against wind and water erosion;

* in addition to all the above, a huge advantage of mulching as a specific process
applied in agriculture is that it promotes the biological activity of crop plants, as it reduces direct
sunlight and retains moisture, and also adds organic matter and nutrients to the soil, when the
mulch is made of biodegradable materials.

The comparative advantage of mulching is the degree to which a given technological
system (in this case mulching) is perceived as better compared to growing crop species without
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mulching. A survey was conducted among 25 farmers in North-Eastern Bulgaria to find out if
they implement the practice and if they consider mulching and ecological production to be
preferable to conventional farming. The answers obtained were more than surprising. 100% of
the surveyed farmers confirmed that they believed in the comparative advantages of applying
mulching on their own farms and environmentally friendly production methods, but only 50%
applied mulching on their personal farms. When asked what hindered the remaining 50% from
applying this innovative technology, they replied in several ways: for the 25% who do not apply,
the main problem is finding additional time and resources to acquire the necessary organic
mulching materials. For 13%, the problem is the lack of enough wood shavings in the area and
their desire to use exactly wood and not grass mulch, and 12 could not clearly indicate what
exactly prevents them from implementing this ecological and relatively innovative technology
for the country. Some of the respondents pointed out that the additional costs are what deter
them from doing mulching. A large number of those who do not apply it have never thought
about the process of financial return on investment, related to, for example, halving costs in the
future, or the lack of shading with special nets placed on pre-placed supports over growing
cultural plants. A large number of those implementing the mulching technology in their personal
farms responded that they were very satisfied with the results, but especially with their choice
to apply this relatively innovative mulching technology. Moreover, they pointed out that
mulching is easily compatible as an innovative process with their agricultural activities, and it
does not require to be applied to all the plants. Mulching also reduces potential pests on
cultivated plants, it is easy to implement and does not require any new and high technological
knowledge, as is required, for example, when applying automated or robotic processes in the
agricultural sector (Seline, 2015). Another huge advantage is the ability to observe the effect of
this technology in practice. The possibility for the farmer to directly observe the results of the
mulching, in our opinion, will significantly increase the probability of the implementation of
mulching on the territory of agricultural holdings in the future. A key stimulus for the introduction
of mulching in the agricultural sector is the Common Agricultural Policy of the European Union
and its direct and indirect influence, through the environmental measures to the rural
development program. This is because the policy significantly stimulates the green transition
and the development of ecological agriculture, and mulching is part of this process. It is a
specific activity performed in agriculture and horticulture, which is carried out by covering the
soil with a specific layer of material to prevent the growth of weeds, to maintain moisture in the
soil, to protect the soil from erosion, as well as from the action of various swamps or floods in
consequence of very heavy rains. Through it, the formation of the so-called surface crust is
avoided, thus reducing compaction and maintaining the soil structure in the best possible
condition, as well as mitigating the temperature amplitudes from cooling or strong heating of
the soil. Mulching can be applied with great success not only in agricultural activity, but also in
the creation of specialized wooden mulched children's playgrounds, playgrounds and sports
facilities, park spaces, alleys, recreation areas in industrial companies, where it is possible to
also uses mulch developed from synthetic and not only biological materials. (Hamilton, 2021).
The technique of mulching in the agrarian sector allows resistance to higher temperatures at
the root level, while reducing the need for watering during the hot months. Itis a specific method
widely used in sustainable agronomic practices, for example in the creation of permaculture,
natural farming and biodynamic farming. Mulching is a specific operation that must be carried
out between the months of November, December, January and February. The entire area
needs to be dug up very well, this way it remains soft and loose during the winter so that new
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plants can appear in the spring. The best type of mulch is wood chips, it consists of using
chopped wood logs or large sawdust. A bioshredder or biochipper is usually used for this
purpose. In agricultural practice, a technique called living or green mulch is also often applied.
It is applied when the cultivated plants are stronger with their roots than the grasses that
surround it, thus the grasses themselves or spices and herbs play the role of mulch. When
weed grass is used that has not yet dried, it is called fresh mulch. The mulch is applied with a
thickness of 5 to 10 cm, it can be adjusted according to the needs of the cultivated plants.
Multifunctional use of resources is closely related to diversification of activities in the field
of not only agriculture, but also forestry, sports, health care and tourism
business(Turlakova,2014). The application of waste products from the forestry sector, such as
wood shavings, wood chips or wood cubes in the agricultural sector as organic mulch, and also
in the sports, education, tourism sectors, as suitable flooring on sports and children's
playgrounds, on walkways and rock gardens, demonstrates multifunctional use of forest sector
resources and their good strategic management. Mulching is also used with great success
outside of agriculture to cover playgrounds, sports grounds, park spaces and paths with organic
materials, using most often wood chips or colored wood shavings, but quite often inorganic
materials, such as shredded and colored car tires, as well as specific plastic pavements or
nylon sheets covering the ground. Other non-plant mulching materials are: sand, stones and
gravel. Millions of Europeans play on sports fields and pitches every day in all weather
conditions. For their flooring, plastic or rubber granules are used as a material to create a soft
surface. The soft filling makes the playgrounds more durable and weatherproof, and also
absorbs more shocks and offers more traction. Even for playgrounds, the surfaces under
swings, slides and other structures are covered with loose rubber mulch to make the ground
softer and thus cushion falls. Granulated mulch is often made of used car tires, shredded and
cut into smaller pieces. Their use as an infill in synthetic grass has increased over the last 15-
20 years due to the rise of these synthetic products and also the EU ban on landfilling waste
tires. Pellets and mulch can contain potentially harmful chemicals, including polycyclic aromatic
hydrocarbons, metals and phthalates. They can also emit volatile and semi-volatile organic
hydrocarbons. They also contribute to microplastic pollution, as they can spread into the
environment from playgrounds, for example through rainwater. That is why in recent years the
EU has taken measures to improve the ecological footprint of children's playgrounds,
playgrounds and sports grounds, such as introduces regulations and bans on the use of
excessive amounts of harmful inorganic materials to protect European citizens from dangerous
chemicals found in the filling material. One possible solution to this problem is to use more
organic mulching materials, such as sawdust. We can point out an extremely innovative
practice based on product diversification successfully implemented in North America and
Europe. Itis based on the use of wood mulch mixed with manure and colored with natural bio-
dyes. The application of mulching not only in agriculture, but also in the covering of other areas,
such as park spaces, alleys and sports facilities, is observed both in Eastern and Western
Europe. It is most widespread in the North-Western countries of Europe, such as Denmark,
Sweden, Norway, but it is also observed in developed countries, such as Germany, France,
Italy, England and Spain. It is also very popular in Turkey in its Mediterranean region (Antalya,
Mugla), in the Aegean region (Izmir, Ayden) and in the Southeast region of Anatolia (Sanliurfa,
Gaziantep). The application of mulching throughout Europe and Turkey is favored by the EU
CAP. For example, during the last program period, afforestation was stimulated against
subsidies; preservation of soil fertility against compensatory aid to farmers, leaving land fallow;
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subsidized cultivation of nitrogen-fixing protein crops, all aimed quite appropriately at ensuring
the biodiversity and uniqueness of Europe's native nature and landscape. Mulching is one of
the most nature-friendly methods in agriculture, and its multi-functional application in other
areas also shows unequivocally that man will always learn from nature and apply the lessons
learned in practice.
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THE ROLE OF WOOD BIOMASS IN SLOVENIA'S ENERGY SECTOR

Andrej Senegacnik

Abstract: Mankind has been using wood for energy purposes since ancient times. Slovenia is a very
forested country. The energy use of wood, 544.4 ktoe, represents almost 10% of the country's energy
supply, despite the fact that the annual felling is only 50% of the annual growth. The simplest energy use
of wood by combustion can also have negative impacts by polluting the surrounding air. In a poorly
managed combustion process, at too low temperatures and insufficient combustion air, harmful
emissions of particles and toxic organic polycyclic compounds are produced. This kind of inadequate
combustion of wood fuels in households is the main source of particles PM10, PM2.5 and organic
compounds in Slovenia. The largest share of energy use of wood fuels are represented by households
with 57%, processing industry 26%, district heating 9% and electricity production 8%.

Keywords: wood fuels, particle emission, combustion, energy use

1. WOOD FUELS IN SLOVENIA

Mankind has been using wood fuels as sources of energy since ancient times. Until the
middle of the 18th century, wood and charcoal were humanity's main energy sources. The use
of coal and the invention of the steam piston engine made the extraordinary technological
development of mankind possible and, at the same time, an exponential increase in the energy
use. Since ~1850, energy consumption per person has been steadily increasing. The primary
energy we use globally now, mostly comes from fossil sources, over 85%, and only 15% is
renewable. Being aware of the limited fossil fuel reserves and the harmful environmental
consequences of such intensive use of fossil fuels, we try to replace this energy with renewable
energy, which also includes the sustainable use of wood fuels. Slovenia is a land of forests.
Forests cover 58.0% of the state area, the annual growth of wood is ~3.5 m? per inhabitant. In
terms of forest cover, Slovenia ranks third in the European Union, after Sweden and Finland.

In this article, the use of wood fuels in Slovenia is analysed in relation to the permissible
annual cut.

2. CONSUMPTION OF WOOD FUELS IN SLOVENIA

Wood is an important energy source in Slovenia. Traditionally, wood was a source of
energy for heating and powering various smelters and metallurgical plants. The oldest world-
known metallurgical plant in Slovenia was definitely the world-famous mercury mine in Idrija,
which operated from the 16th to the 20th century, mostly using wood as fuel and as support
wood in the mine. The consumption of primary energy in Slovenia for the year 2022 is 276.4 PJ
or 76.8 TWh, of which the energy use of wood represents 8.2% or 6.3 TWh (544 ktoe) [6, 13].
If we subtract the 50% Croatian share of energy from the Krsko nuclear power plant in the
energy supply, the energy share of wood already represents 9.3% of the country's energy

supply.
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The use of wood as an energy source, in addition to water energy, is the most important
domestic renewable energy source in Slovenia (Figure 5) for covering heat needs in
households, heat production in industry and also some electricity production. The use of wood
for energy purposes can have a negative impact on air quality, which is why the use of high-
quality wood fuels in modern heating devices is crucial.
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Figure 5. Renewable energy consumption in Slovenia [6, 13]

Most wood fuels in the form of dry firewood are used in rural areas for heating. Most of
these fuels also come from own forests. In recent years, there has been an increasing interest
in the use of wood pellets for heating, because the comfort of heating is almost the same as
with other fossil energy sources.

In Slovenia, forests have been growing stronger for many decades in terms of wood
stocks and growth. In the last 70 years, they have increased by more than 140%. Felling, in
addition to natural factors, also depends on socio-economic factors, and recently mainly on the
occurrence of natural disasters (windfalls, icefalls) and bark beetle pests.
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Figure 6. Felling of conifers and deciduous in Slovenia, 1993-2022 [11]

Until 2014, felling accounted for approximately 50% of the growth, but after that year it
significantly increased due to damage and accounted for 60 to 75% of the total growth of
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conifers and hardwoods. It has declined again in recent years and is back to around 50%
growth. In 2020, the total felling represented 59% of the possible felling according to forest
management plans, of which as much as 42% was sanitary felling [11], Figure 3.

3. ENERGY USE OF WOOD
3.1. Emissions of particles and PAHs

The current problem with the use of wood in small individual fireplaces is excessive air
pollution with particles and unburned organic compounds. This is especially problematic during
unfavourable weather conditions - inversions. A pressing problem is the problem of small local
discharges, which reveal the bad habits of the inhabitants. Burning in outdated heating devices
in households is the main source of particle pollution in winter [2, 3, 4, 9]. Burning with
unsuitable fuels (e.g. old paper and cardboard, damp moist wood, plastic, packaging and other
waste) and improper burning with inadequate air ratio and inadequate furnace are particularly
problematic. All of this causes extremely poor and incomplete combustion of wood biomass,
producing large amounts of particles and toxic organic compounds PAH (polycyclic aromatic
hydrocarbons) [2,10]. Such inadequate combustion is visible from afar, when thick black or
white smoke comes out of the chimney and eventually disperses in the near and far
surroundings. Unfortunately, such a situation in a city or a village can be caused by a single
unconscious smoker. A typical Slovenian problem is also that the surrounding residents are
powerless to prevent this type of individual pollution through the appropriate state institutions
(inspectors, chimney sweeps, etc.). The results of the analysis of the origin of the particles are
very clear - Figure 7. Most of the particles originate from individual fireplaces. Despite
everything, it is positive that the emissions of PM10 and PM2.5 particles decreased by 29%
and 20% in the period 2000-2021 [5]. Figure 7 also shows that individual fireplaces are one of
the main sources of particles in other EU countries as well. Figure 8 shows that small
households' combustion is also the main source of PAH in Slovenia [6].
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Figure 7. Particle emissions in Slovenia and EU-27, 2021 [5]
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Figure 9 shows the emissions of PM10 — PM2.5 particles per capita in the EU-27 in 2021.
As can be seen, the emissions in Slovenia are among the highest in Europe, which is not good.
If we compare the emissions in Austria or Sweden, where the individual consumption of wood
fuels per capita is similar, we notice significantly lower emissions. The positive message of
Figure 5 is that excessive emissions in Slovenia can be significantly reduced with proper and
conscious combustion in modern heating devices. For better air quality, it will be necessary to
educate households and replace outdated heating devices.
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Figure 9. Particulate matter, PM10 — PM 2.5, emissions per capita in EU-27 in 2021 [5]
3.2 Industrial use and production of electricity
The current use of wood fuels in industry is primarily limited to paper mills, the wood

processing industry, the chemical industry, and the industry of non-metallic mineral products,
i.e. construction material. The total consumption of wood fuels in industry was ~234 ktoe in
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2022. Recently also floating bed boilers have been appearing in the industry, which can use
wood fuels of lower quality, e.g. fresh remnant of forest felling. Most of the industrial use is the
use of wood chips. Wood chips are mostly used in hot water boilers of various district heating
systems and also steam boilers for the production of superheated steam. For example, in
Ljubljana's power and heat plant, the annual consumption of wood chips is ~100,000 tons,
which is ~21.5 ktoe. The share of wood fuels in Slovenian district heating systems is 21.6%,
which means ~566 GWh (48.7 ktoe) of energy from biomass.

The production of electricity from wood fuels is relatively small and is limited to smaller
privately owned combined heat and power (CHP) systems that are included in the subsidy
scheme and a few larger system cogeneration plants like Ljubljana's heat and power plant.
Currently, there are only 38 systems left in the support scheme with a total power of ~35 MW,
annual production of electricity 122.2 GWh and support subsidies of 11.5 million EUR. This
roughly means that the state subsidy is ~95 EUR/MWh? Since the technology of producing
electricity from biomass is relatively demanding, (too) expensive, demanding for operation and
for maintenance (classic steam cycle or gasifier and wood-gas engine), interest in setting up
such systems is declining. A common characteristic of the production of electricity with smaller
(thermal) systems is that such systems become competitive only at higher powers, above 10
MW, which is inaccessible to the private sector in terms of investment. The total production of
electricity from biomass in 2022 was 159 GWh, which represents ~1% of required amount of
electricity in Slovenia, which is currently ~15 TWh (consumption + transmission/distribution
losses). Wood fuels energy balance for Slovenia is presented in Table 1.

Table 1. Wood fuels balance in Slovenia, 2022 [6, 13]

Energy, ktoe Share, %
Wood fuels - Total 5444 100
District heating 49 9
Manufacturing industry 139 26
CHP use - electricity 46 8
Households 310,4 57

4. CONCLUSIONS

As can be seen from the energy balance of wood fuels, the total industrial consumption
represents only 43%, the largest consumption of wood fuels is still represented by households
for heating buildings and sanitary water. Consumption in the manufacturing industry could be
higher. Considering that the current annual felling represents only 50% of the possible, at least
additional ~540 ktoe wood energy is available for energy use. This is good from the point of
energy self-sufficiency. How this surplus wood will be transformed to the energy in the future is
still quite unclear. Considering the politically (over)forced green transition, which has already
begun to break in Europe, the wishes of green activists to process wood into synthesis gas and
other apparently more environmentally acceptable forms are very great.

Thermodynamics teaches us that any conversion of energy, matter,... requires an input of
energy, and the conversion always leaves a trace in the environment, which is the result of
process losses. All real processes are irreversible. In terms of the green transition, the entire
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society should strive for a prudent and frugal way of life, which unfortunately is in complete
contradiction to the current doctrine of constant economic growth and free market economy.

Wood is a wonderfully versatile and renewable material that deserves to be used wisely.

If it is used for energy purposes, it is necessary to provide suitable conditions during
combustion, sufficiently high temperatures and enough combustion air, so that air pollution with
the resulting flue gases is as small as possible.
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CHANGES IN CROATIAN WOOD PRODUCTS MARKET IN
RESPONSE TO SUSTAINABLE DEVELOPMENT

Jelena Obrankovi¢, Andreja Pirc Baréi¢, Darko Motik, Petar Curi¢, Zivka Meloska, Denis Jelaci¢

Abstract: The wood industry plays an important part in today's world economy, while wood products
play an important role in ensuring sustainable consumption and production. Eurostat data from 2020
shows that in the European Union, wood-based industries accounted for 19,00% of all manufacturing
enterprises. Consequently, the wood-based sector continues to be a crucial component of the broader
manufacturing landscape within the EU. Additional, Croatian wood industry play an important part in the
EU economy it holds a prominent position among the leading countries in the production and export of
wood products. When analyzing production, Croatia consistently ranks as one of the top producers
among EU countries it maintained its status as one of the largest producers in the EU. The aim of this
paper is to analyze changes in Croatian wood products market in response to sustainable development
incentives based on production, export and consumption information.

Keywords: wood products; market analysis; Croatia; sustainable development

1. INTRODUCTION

The wood industry plays an important part in today's world economy, while wood products
play an important role in ensuring sustainable consumption and production (Epede and Wang,
2022). Eurostat data from 2020 shows that in the European Union, wood-based industries
accounted for 19,00% of all manufacturing enterprises. Consequently, the wood-based sector
continues to be a crucial component of the broader manufacturing landscape within the EU.
Croatia is one of the leading countries in the production and export of hardwood, according to
European Organization of Sawmill Industry (EOS) (2023) and EUROSTAT (2022).

According to Forest management plan, the total area of forests and forest lands in Croatia
is 2,76 million ha, which is 49.3% of the land area of the country. Of this, 2,1 million ha are
public owned forests, while 661,721 ha are owned by private forest owners. The majority of
forests owned by the state are managed by the public forest owner company. According to
available data a total amount of wood stock is 418.6 million m3. Croatian wood-based industry
has been developed on high quality forest raw material and as such, it represents an important
economic segment of the country. When examining production, Croatia consistently emerges
as one of the top producers among EU countries. In 2020, Croatia produced 1,066,886 m® of
sawn hardwood. The following year, production slightly decreased to 1,041,613 md.
Nevertheless, Croatia maintained its position among the largest producers in the EU,
surpassing Romania (with 1,700,000 m® in 2021 and 1,615,000 m? in 2020), France (with
1,313,000 m*in 2021 and 1,336,400 m?in 2020), and Germany (with 1,102,884 m®in 2021 and
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1,002,347 m® in 2020). In terms of exports, Croatia demonstrated impressive performance. It
was the largest exporter of sawn hardwood among EU countries in 2020, exporting 869,178
m?. This number increased to 1,033,926 m? in 2021, solidifying Croatia's position as the top
exporter among EU countries. Based on the data provided, Croatia demonstrates a robust
presence in the sawn hardwood market within the EU.

Klari¢, Pirc Bar€i¢ and Serti¢ Basarac (2023) employed the system Generalized Method
of Moments (GMM) model to estimate the impact of wood certification on wood exports in
Croatia. Wood certification, number of FSC certificates, demonstrated a significant positive
influence on wood exports from Croatia. These findings support the idea that sustainable forest
management practices contribute to increased wood product exports. Economic factors, such
as Gross Domestic Product (GDP) and Gross Domestic Product per capita (GDP per capita),
were found to be crucial in driving wood exports. An increase in GDP and GDP per capita
positively impacted wood exports, emphasizing the importance of economic prosperity in
promoting trade in wood products. The value of production was identified as a significant driver
of wood product exports. Higher production value was associated with increased wood exports,
highlighting the importance of production capacity and efficiency in driving the export of wood
products from Croatia. Overall, this research sheds light on the significance of the wood sector
in the European economy and highlights the positive influence of FSC certification on wood
product exports from Croatia. The results provide valuable insights for policymakers and stake-
holders in the forestry sector, offering opportunities for promoting sustainability and trade in
wood products.

The aim of this paper is to analyze changes in Croatian wood products market in response
to sustainable development incentives based on production, export and consumption
information.

2. MATHERIALS AND METHODS

The research included the analysis of the production, export and consumption of primary
wood products.

We used the data obtained from the Croatian Bureau of Statistics (CBS). Production of
wood products data were categorized based on the National classification of activities (NKD
2007) using Manufacture of wood and of products of wood and cork, except furniture;
manufacture of articles of straw and plaiting materials (NACE division C 16).

Wood products export data were categorized based on the Customs Tariff Document and area
44 - Wood and wood products was used.

The consumption of wood and wood products has been calculated on the basis of the so-
called apparent consumption using the following equitation: Consumption = Production —
Export + Import.

Analyzed products were: roundwood, fuelwood, industrial wood, sawn wood, wood-based
panels and paper and paper boards. Production, export and consumption quantities were
selected for three years: 2014 — the first year after Croatia jointed to EU, 2017, and 2020 — the
year during a first year of Covid-19. The obtained values are expressed in cubic meters.
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3. RESULTS

Itis crucial that we optimize use when building a sustainable and climate-neutral economy
wood in accordance with the cascade principle, primarily with the help of market incentives. It
means that you would wood should be used as much as possible for long-lasting materials and
products in order to replace them their high-carbon equivalents and those based on fossil fuels,
for example in buildings and furniture, considering that not all wood is suitable for that purpose.
The LULUCF regulation stipulates that sinks/emissions in accounting categories of land are
determined, among others, in wood products. for this reason, it is very important to monitor the
values of production, export and consumption of wood products. Croatia has been monitoring
data on production volumes since 1991.

As seen in Figures 1, 2, and 3 the results of three selected years annual round wood
production were between 5,2 and 5,9 million m?; fuel wood production wood was between 1,8
and 2,3 million m3, while industrial wood production was between 3,0 and 3,6 million m3.
Industrial round wood export values were lower than fuelwood exports in all observed years.
Industrial round wood consumption was almost equal to industrial round wood production
values.

Production of sawn wood, as sheen in Figure 4, was between 1.4 and 1.7 million m3.
What stands out is that production was almost equal to exports. What stands out in Figure 4 as
illogical is the consumption of sawn timber in 2014, which was higher than production.
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Figure 1. Round wood — production, export and consumption (in 1000m?)
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Figure 2. Fuel wood — production, export and consumption (in 1000m?)
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Figure 3. Industrial roundwood — production, export and consumption (in 1000m3)

In the observed years, the consumption of wood-based panels increased, from 219
thousand m3 in 2014 to 370 thousand m3 in 2020. Export values of wood-base panels were
higher in comparison to production values (Figure 5). Tis points to the conclusion that the
production of wood-based panel furniture has increased in Croatia mostly including wood-
based panels from foreign countries.
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Figure 4. Sawnwood - production, export and consumption (in 1000m?3)
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Figure 5. Wood-based panels — production, export and consumption (in 1000m3)
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Figure 6. Paper and paperboards — production, export and consumption (in 1000m?)

Consumption of paper and paperboards, as seen in Figure 6, was between 531 thousand
m3 and 571 thousand m3. Consumption values were higher between 30 to 40% in comparison
to production values (38% in 2014; 28% in 2017; and 29% in 2020).

Overall, the results show that the Croatian wood industry does not use its primary wood
products in accordance with the cascade principles. It turns out that it exports sawn timber,
which should be used for the production of Croatian high added value wooden products. On
the other hand, the results showed that Croatian manufacturers of wood products use wood-
based panels more.

4. CONCLUSIONS

At the Croatian level, there are currently no developed models that could be used to
predict the use of wood and wood products in the coming period - 2020, 2030, 2050).
Additionally, there are no models that serve the needs of forecasting certain components
important for projections of the use of wood products (e.g. there is no model that would predict
the total quantities of import and export of wood products in the Republic of Croatia, a model
that would predict the economic aspects related to wood products such as the price of these
products in the future, etc.). Additionally, this paper points to a conclusion that better and
concise understanding about the importance and the role of Croatian wood products industry
is necessary in order to present wood industry to sustainable development issues.
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ANALYSIS OF IKEA'S EXPERIENCE IN GAMIFICATION IN
FURNITURE TRADE ONLINE AND OFFLINE IN BULGARIA

Neviana Krasteva

Abstract: The study is dedicated to the strategy and practice of one of the world leaders in furniture
trade - IKEA, Sweden on the Bulgarian market. The research examines the application experience of
various gamification tools implemented by IKEA online and offline. Yu Kai Chou's octalysis in
combination with consumer behavior psychology models was used as the basis of the research design
and analysis of results. A survey is being conducted among buyers in Bulgaria to track the impact of
applied online and offline gamification mechanisms in the sale of furniture to increase the propensity to
purchase. The suggestions and the conclusion are important for getting to know the impact mechanisms
of the gamification tools and the expansion of their action in different areas of business in a specific
country - Bulgaria.

Keywords: IKEA, Gamification, Bulgaria

1. INTRODUCTION

Gamification enhances retail by integrating gaming elements into shopping experiences,
boosting engagement and sales. Through strategies like loyalty programs with points,
challenges, and rewards, retailers create emotional connections with customers, encouraging
active participation and social sharing. However, challenges include balancing entertainment
with value and addressing ethical concerns. Successful implementation requires aligning
gamified strategies with audience preferences.

IKEA's Global Retail Approach - the company stands out internationally for its unique
strategies:  Affordable Quality - they offer high-quality furniture at affordable prices by
optimizing production and logistics; Self-Assembly Concept - known for self-assembly furniture,
IKEA reduces costs and promotes sustainability; Sustainability Focus - the company prioritizes
ecological practices, from material selection to recycling; Global Presence, Local Adaptation -
With stores worldwide, IKEA tailors products to local markets; Customer Experience
Innovations - IKEA invests in technologies like virtual reality for enhanced shopping
experiences; Social Responsibility - IKEA supports social initiatives and community
development projects; Overall, IKEA leads the industry with its focus on sustainability,
affordability, quality, local adaptation, and social responsibility.

2. LITERATURE REVIEW
Studying the theoretical frameworks of gamification and consumer behavior is crucial for

understanding how gaming elements influence consumer actions and decisions. Several key
theoretical approaches shed light on this interaction:
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2.1. Gamification Theoretical Frameworks

The self-Determination theory (SDT) is focuses on competence, autonomy, and
relatedness as key psychological needs. Gamification satisfies these needs through feedback,
autonomy, and social interactions (Deci & Ryan, 2015). The flow theory describes a state of
complete absorption in an activity. Gamification creates a "flow" state through tailored
challenges, enhancing engagement and satisfaction (Biasutti, 2011). The game theory
analyzes strategic interactions in gaming environments. Gamification utilizes game theory
principles to create competitive environments (Game Theory, Stanford Encyclopedia of
Philosophy, 2023). The Octalysis frame explores eight core drives motivating behavior. These
include Epic Meaning & Calling, Social Influence & Relatedness, and Accomplishment &
Achievement (Chou & Chou, 2023).

2.2. Consumer Behaviour Theoretical Frameworks

The theory of Planned Behavior (TPB) predicts behavior based on intention. Gamification
influences attitudes, subjective norms, and perceived control, leading to behavioral changes
(Ajzen, 1991). The social cognitive theory (SCT) emphasizes observation and modeling in
learning. Gamification facilitates learning through observation of others' actions (The Social
Cognitive Theory, n.d.). The elaboration likelihood model (ELM) examines central and
peripheral routes of persuasion. Gamification influences consumer beliefs and attitudes
through both routes (Schunk, 1989). Adaptation to specific audiences and contexts maximizes
the potential of these strategies (Ajzen, 1991; Deci & Ryan, 2015; Schunk, 1989).

2.3. IKEA's Global and Local Gamification Strategies

Globally, IKEA employs innovative virtual planning tools, mobile applications, and loyalty
programs to engage customers - virtual planning tools allow customers to visualize home
interiors with IKEA products before purchase; Mobile apps educate customers about
sustainable consumption through challenges and rewards; Loyalty programs like IKEA Family
offer points and rewards for repeat purchases (IKEA Kreativ - Home Design App for Inspired
Living Spaces, n.d.; Arun, 2023; Parker, 2024). Locally, IKEA tailors gamification strategies to
meet market-specific needs: Events in stores feature gaming elements like QR code scanning
and design competitions, customized for local holidays and themes; Feedback platforms
encourage customer engagement with gamified features such as points and rewards for active
participation. By blending global objectives with local adaptation, IKEA enhances customer
engagement and fosters long-term relationships across diverse markets. Gamification serves
as a key tool in engaging, educating, and entertaining customers, reinforcing the bond between
consumers and the brand.

3. METHODOLOGY

The survey methodology for analyzing gamification's impact on purchasing behavior at
IKEA in Bulgaria includes demographic information and shopping habits. Questions cover
gender, age, education level, and IKEA shopping frequency and preferences. This data helps
identify trends among different demographic groups. Specifically the gender - analyzes
potential shopping behavior differences between men and women; Age groups - identifies
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preferences and habits specific to each age group; Education level: Examines the relationship
between education and consumer behavior; Shopping habits: Explores frequency of IKEA
visits, preferred products, and shopping platform (online vs. in-store).

The survey also assesses perceptions of gamification at IKEA, aligned with Yu-Kai Chou's
Octalysis framework, to understand its impact on the shopping experience.’

4. RESULTS

The study results reveal participation from 56 men and 38 women, with an even age
distribution ranging from 18 to 55 years. Predominantly, participants hold a higher education
degree (77%), followed by those with secondary education (18%). The data were analyzed
using descriptive statistical tools, highlighting various demographic data and shopping habits
at IKEA. A correlation analysis uncovered a weak positive correlation (0.148443) between age
and the frequency of visits to IKEA. The chi-square test found no significant relationship (p-
value = 0.360) between gender and education. Further analysis is needed to identify specific
trends in consumer behavior and perceptions of gamification at IKEA. Multivariate analysis with
PCA (Figure 1) shows relationships between demographic and behavioral characteristics.
Dimension reduction to two principal components allows visualization of the complex data
structure. The principal components (PC1 and PC2) are linear combinations of original
variables, capturing the maximum data variation. PC1 reflects factors like age, gender, and
education, affecting respondent differences. PC2 represents attitudes towards gamification,
differentiating respondents in a manner distinct from PC1.

Figure 1 illustrates respondent distribution based on their answers and demographic
characteristics, using the two principal components. PCA helps identify potential patterns and
groups within the data, aiding in the development of targeted marketing and gamification
strategies tailored to specific consumer segments. Analysis of shopping frequency (question
4), satisfaction with purchasing methods, and awareness of gamification elements (question 5)
from the survey reveal various shopping habits, satisfaction levels, and awareness among
respondents. A majority of consumers (82%) rated their in-store shopping activity as low
(question 4). However, these consumers recognized and engaged with the application of
gamification in the store (question 7) through indirect means, as seen from the data on the use
of gamified tools (question 8). This information provides insights for IKEA to improve services
and communication regarding gamification elements (question 9), ultimately enhancing
engagement (question 10) and customer satisfaction (question 13), showing a positive attitude
towards gamification (question 11).

The evaluation of the impact of gamified tools (question 17) on shopping, purchasing
decisions, and satisfaction suggests these elements enrich the IKEA shopping experience,
offering interactive ways to explore products and plan interiors. The sample includes
economically active consumers (75% between 26 and 55 years old), who preferred the
"Scandinavian style," influenced by the Swedish chain, despite the relatively even distribution
of opinions on the impact of identified psychological practices by the chain (question 14). Brand
attachment and gamification (question 16) are factors that encourage spending more time with

1 Upon request, we can provide the specific survey data.
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it, and gamified methods help in decision-making and enhance overall satisfaction,
strengthening brand loyalty and generating positive word-of-mouth.

PCA of IKEA Survey Data
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Figure 1. PCA of IKEA Survey Data

The continuous development and adaptation of gamification strategies (recognized by
48% of respondents) based on feedback (question 7) are crucial for IKEA to maximize their
effectiveness and respond to changing consumer preferences in a distinctive brand context.

Analyzing perceptions of online (rated in question 11 with an average score of 3.44 on a
5-point scale) and offline gamification methods (rated in question 12 with a score of 3.35 or
neutral) reveals differences in user interaction and perception but offers the brand opportunities
for omnichannel campaigns. Implementing gamification in both contexts (integration rated in
question 13 with a score of 3.44 on a 5-point scale) presents unique opportunities and
challenges for brands, enhancing engagement and loyalty. Investigating the impact of
integration on shopping is crucial for maximizing effectiveness. An interesting argument is
whether gamification influences consumers' propensity to purchase the company's products
(question 17). The even distribution of opinions shows that recognition of gamification as a
factor is multifaceted.

Combining online and offline gamification methods is seen as a holistic approach that
improves transitions between shopping, enhancing satisfaction and engagement, as evident
from the data on key factors influencing furniture purchase decisions, revealed by shared
opinions on the future of gamification in furniture retail (question 19). Integration allows
engagement at touchpoints, encouraging repeat purchases and positive word-of-mouth. It also
enables brands to create a cohesive, enriched experience reflecting their values and message
across channels, known from shared opinions in question 18.

5. DISCUSSION

Analyzing perceptions of online and offline gamification sheds light on how these methods
impact the retail customer experience. IKEA utilizes gamification both online and offline to
engage customers innovatively. Integration of these approaches enhances the customer
experience.

Analyzing survey data through the Octalysis framework provides valuable insights into
gamification’s influence on consumer behavior and engagement. (Table 1)
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Table 1 Impact of Gamification on Purchase Decisions and Engagement- IKEA Case

Octalysis framework IKEA implementation
1 | Epic Meaning & Calling IKEA can create engaging stories or missions to make shopping feel
significant, boosting engagement and purchase decisions.
Social Influence & Relatedness IKEA platforms can foster social interaction through design sharing or group

challenges, promoting inclusion and engagement

3 | Development & Accomplishment reward systems and loyalty points motivate customers, enhancing
satisfaction and repeat purchases

4 | Empowerment of Creativity & interior planning tools empower creativity and provide feedback, increasing
Feedback engagement and satisfaction

5 | Ownership & Possession loyalty programs allow customers to collect points, fostering a sense of
ownership and fulfillment

6 | Loss & Avoidance gamified elements motivate action to prevent loss of rewards, maintaining
engagement

7 | Scarcity & Impatience limited-time offers create urgency, prompting quick action

8 | Unpredictability & Curiosity random rewards sustain interest and encourage return visits

We see potential in further research into the relationship between consumer behavior
management tools and Yu Kai Chou's postulates, as an extension of the findings noted in
Table 2

Gamification's Impact on Purchase Decisions and Engagement in Bulgaria

Gamified campaigns strengthen brand-consumer connections in Bulgaria's evolving
digital landscape, improving customer experience and loyalty. Local adaptation of gamification
strategies is essential to resonate with Bulgarian consumers' preferences and cultural nuances.

Analyzing survey results with the Octalysis framework can pinpoint effective gamification
aspects for the Bulgarian market. Integrating online and offline gamification elements is crucial
for enhancing customer engagement and sales, tailored to Bulgarian consumers' preferences
and motivations. The lesson is clear - successful gamification requires understanding consumer
needs and preferences, tailored strategies, and continuous innovation.

6. CONCLUSION

Integrating online and offline gamification at IKEA can significantly enhance customer
engagement and satisfaction. By blending entertainment and interactivity, IKEA creates a
memorable shopping experience, attracting and retaining customers. Adapting gamification
strategies to evolving consumer preferences is crucial for success. Gamification in Bulgaria
transforms traditional shopping into an interactive and enjoyable experience, boosting
customer satisfaction and loyalty. Tailoring gamification to local cultural and consumer
characteristics is essential for maximum impact. In summary, gamification at IKEA in Bulgaria
enriches the shopping experience, influences purchase decisions positively, and boosts overall
satisfaction and engagement. Continuous adaptation and integration of gamification methods
ensure sustained success and customer loyalty.
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TRADE IN SELECTED TYPE OF WOOD

Eva Habinakova, Andrea Tomankova, Renata Novakova

Abstract: Trade, trading and market represent a broad term, as this category includes areas related not
only to trade and sales, but also marketing distribution channels, consumer markets, psychology,
sociology, up to logistics, distribution, transport, transit and forwarding. In the article, the authors define
general trading terms as well as terms from the wood trade and market.

Furthermore, they deal with the characteristics and analysis of trade with the protected tropical wood
species Dalbergia nigra within the EU and the world, its import, export and international trade. In 1998,
the species Dalbergia nigra was included in the Red List of the World Conservation Union as an
endangered species. This wood has fascinated people for hundreds of years and, despite its high price,
it manages to find its clientele.

The market (and not only with wood) also has certain rules that are set by owners and consumers alike.
We are talking about two important business methods that are the driving force of the entire market, and
that is supply and demand. The main factors affecting the trade and market of wood raw materials are
laws and legislation, as well as the possibility of using clear technical conditions in wood processing.
Keywords: trade, international trade, timber trade, Dalbergia nigra

1. TRADE AND TIMBER TRADE

Trade is a broad term. This category includes areas related to trade and sales from retail
and wholesale to services, international trade, marketing distribution channels, consumer and
government markets, psychology, sociology, to logistics, distribution, transit, transportation and
forwarding.

Trade can be defined from several points of view. From a sociological point of view, it is
the activity of people. From the point of view of economics, trade is understood as a specific
economic activity that involves the exchange of products on the market through monetary
means (Palus, 2004).

Trade is the fastest growing industry. The degree of development of the social division
of labour is a factor on which the dynamics of trade development depends. In terms of territorial
implementation, trade is divided into: domestic, foreign, world, international.

Domestic trading provides needs within the state. We also call it internal, because it does
not cross the borders of one or another country, because its products are either produced in
the country and sold there, or bought on the domestic market.

Foreign trade ensures the circulation of goods of a given country, which also operates in areas
beyond the state's borders and thus conducts international trade in goods based on the import
and export. It represents that part of the circulation of goods and services that crosses state
borders and connects the national economy with the world economy. Foreign trade thus
ensures the import of goods that cannot be obtained on the domestic market. It is also
significant that within the social division of labour it is carried out with conditions that represent
the most advantageous variant within the countries that specialize in the given products. We
consider the advantages of foreign trade to be the enlargement of the domestic market, the
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expansion of the assortment, the comparison of goods from several countries that cannot be
produced in the given country, and it also enables specialization in the production of those
goods for which it has the best conditions. On the contrary, we consider dependence on
markets in a certain area and preventing the development of domestic manufacturing industries
by importing goods from other countries and competing with domestic products as
disadvantages.

World trade, which ensures social-production relations, also has an international form.
The international division of labour is also the most important for international trade, which
represents the sum of trades that are located beyond the borders of all countries that are
involved in the international division of labour. The essence of foreign trade is: the export of
products that are produced in a given country or produced in sufficient amount, the import of
products that are not produced in a given country or there is a shortage of them.

International trade in the world is slowing down rapidly. It already started the decline in
the last quarter of 2022. International trade continues to be pushed back by high interest rates
and inflation, which cause people and businesses to spend less. However, that is starting to
change. Before covid, everyone was looking for a way to produce their goods as cheaply as
possible. It was mostly found in China. However, with covid and then with the war in Ukraine,
businesses started looking for alternative locations. Companies are looking for new locations
for their production, as global supply chains have been disrupted during the covid pandemic,
slowing down production and long-distance transport, which has become many times more
expensive. At the same time, after decades of deepening globalization, individual countries or
regions tend to control industrial production on their territory more and increase their self-
sufficiency.

There is also another division of trade: retail, wholesale, intermediaries. We further define
the divisions of trade according to the type of ownership, legality, place of operation (Palus,
2004).

Timber trade is the most widespread form of trade in every country. The domestic market
consists of the import and export of wood to countries where there is a need for this renewable
resource and where it is necessary to meet the needs of the population. The business is based
on sales and purchases within the domestic, foreign and international territory. The market
requires certain rules according to which trades are concluded. We are talking about standards,
classifications of wood, which are important for conducting business. We know different
methods of quantitative classification of wood and its products based on general conditions
(characteristics of wood, volume, type of wood, etc.) (Palu§, 2004). The importance of wood is
currently growing, and the competition on the wood market is also growing with it. Wood is used
in various spheres of economy, construction, industrial production, agriculture, transport and it
is part of everyday human needs (Palu$, 2010). The timber trade is governed by certain rules
that are national and international in nature. The subject of wood trading are the most common
assortments of raw wood, which are divided into quality classes. The wood trade is mainly
influenced by market demand and supply. Demand for wood is characterized as derived
demand, i.e. if the demand for final products grows, so does the demand for raw wood. There
is also a mutual relationship between supply and demand. The supply is influenced by the size
of the stock from which it is logged and which creates the potential of the given country, logging
possibilities and also the emphasis placed on sustainable forest management (Palus, 2010).

In 2020, the trade in wood began to decline in general due to the pandemic, which affected
state and non-state enterprises and wood processors. Transit between states was also
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restricted due to the coronavirus. This situation enhanced the economic crisis because several
negative factors came together. It had a negative impact mainly in the field of forestry and trade,
as well as in the wood industry. Since 2021, the situation in the area of timber trading has
improved again.

2. DESCRIPTION AND CHARACTERISTICS OF DALBERGIA NIGRA

Dalbergia nigra occurs in South America and Eastern Brazil. It is a slow-growing tree,
reaching a height of 12-20 meters. The shape of the trunk is irregular (rarely cylindrical), its
bark is brown and slightly cracked (Wagnerflhr, 2007). Dalbergia nigra produces very hard and
heavy wood. The sapwood is narrow, white and the core is darker, it is characteristically
variegated, from brick red to various shades of brown (dark brown to chocolate brown with
purple hues to almost black). The wood, which contains a grainy texture of black coloring called
"spiderwebbing", is extremely popular. The venation arises from strips of parenchymal cells
with black nuclear content. Particularly popular and the most expensive types are those on
which there are nice bright spots next to dark stripes (with a strong color contrast). Landscape,
climate and soil have a significant influence on the coloration of rosewood (Jirout, 1928;
Wagnerfiihr, 2007).

» -
\

Figure 2. Odd-pinnate leaves, capsules,
flowers

Figure 1. Habitus Dalbergia nigra

Dalbergia wood is in great demand, it was first used hundreds of years ago. Between
1811 and 1820, Dalbergia nigra became popular in the production of high-quality furniture,
especially in the United Kingdom. The species Dalbergia nigra was used in various musical
instruments, for decorative parts, in the production of knife handles. Rio rosewood remains
highly prized by guitar makers who consider it one of the best sounding woods, specifically
when making backs and sides. Already in the past, it was used in the manufacture of
instruments, in the Renaissance and Baroque eras, when it was used for the backs (ribs) of
various parts of stringed musical instruments. It was also used in the production of wind
instruments, such as flutes (Wagnerfiihr, 2007; Jirout, 1928).
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Figure 3. Body of the guitar Figure 4. Dining table

Due to the high price, the string instrument community is looking for the "new Brazilian
rosewood". Alternatives come in the use of hard, exotic woods such as African blackwood
Dalbergia melanoxylon, Wenge, Congolese rosewood Milletti alaurentii, Madagascar rosewood
Dalbergia baronii and Indian rosewood Dalbergia latifolia or Machaerium scleroxylon (none of
these woods are subject to CITES control) (Trade in Dalbergia nigra and the European Union,
2012).

3. INTERNATONAL TRADE IN DALBERGIA NIGRA SPECIES

International trade in general is a very old form of international economic cooperation.
Historically, the oldest form of external economic relations is the international trade, which is
still an important part of them today. Today, international trade is mainly associated with the
phenomenon of globalization and the growing importance of international relations (Allen,
2009).

The more economically advanced a country is, the more likely it is to engage in the
international division of labour through international trade. Involvement of the country in the
international division of labour expands its export and import possibilities (Euroeconomist,
2018).

Since the inclusion of the Dalbergia nigra species in the CITES convention in 1992,
international trade has been on a downward trend. Since 1992, several different units have
been used to trade Dalbergia nigra. Volumes reported in cm2, mm2, pairs, sets and
consignments were not taken into consideration and they were believed to represent a
negligible proportion of total trade records (less than 2.5% of total trade records). The analysis
focused only on deliveries reported in kg or m3 and on records where units were not specified.
The volume in unspecified units represented more than 85% of the total amount, on the basis
of which a realistic quantification of the trade was not possible. However, based on the
information available, it was possible to identify the countries involved in the Dalbergia nigra
trade and reveal general trade trends.
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Since the inclusion of D. nigra in Appendix | of the CITES Convention, the trade has been
transformed into products such as veneer, furniture and carving material, and the trade has
been significantly reduced. Diversification can be explained by the growing shortage of wood
raw materials. The key importers were Japan, the USA, the EU and Canada. After Spain, the
Netherlands was the second most important importer within the European Union, followed by
the United Kingdom, ltaly and Germany (Trade in Dalbergia nigra and the European Union,
2012). Since the inclusion of Dalbergia nigra in Appendix | of the CITES convention, the trade
has been significantly reduced.

Regarding imports of D. nigra specimens reported as "pre-convention" (before inclusion
in the CITES Convention), trade data show significant discrepancies in the volume reported by
exporting and importing countries. Exporters reported more than double the quantities reported
by importers. At the proposal of the German CITES Management Authority, a review of export
documents obtained from EU trading partners (such as the US Fish and Wildlife Service) was
initiated to quantify the trade problem. Based on CITES regulations, the exporter is obliged to
archive transport documents for a period of 5 years. The EU plays a key role in the international
trade of D. nigra and is an important destination for exports from countries such as the USA.
The re-export of D. nigra from the EU during 1992-2010 was considerably higher than the
imported quantity. This may indicate a significant amount of "pre-Convention" D. nigra material
in stocks across the EU that was imported prior to 1992. This conclusion is supported by reports
from CITES management bodies. It is also possible that part of the deliveries enter the EU
illegally or undeclared. Trade data indicate that some Member States may apply a different
interpretation of CITES provisions, which was confirmed by at least one member state. The
importance of the US as a reverse exporter emphasizes the importance of close involvement
of US authorities in all steps taken to address issues related to trade in D. nigra (Trade in
Dalbergia nigra and the European Union, 2012).

The illegal trade in D. nigra is not well documented and its current extent is largely
unknown. In general, there is a high level of awareness, especially among string instrument
producers. According to several manufacturers, the trade is carried out illegally. Within this
framework, international cooperation focuses on:

+ documenting the illegal logging of D. nigra wood, with the aim that the European
Commission and EU member states communicate with Brazil and document the current state
of the issue through CITES channels,

+ The European Commission and CITES authorities in the EU were advised to work closely
with the EU's key trading partners, especially the US,

+ The European Commission and EU Member States should consider submitting key
findings to relevant international forums such as CITES, the World Customs Organization
(WCO) and Regional Information Liaison Offices (RILOs) in order to promote international
cooperation (Trade in Dalbergia nigra and the European Union , 2012).

In 1998, the species Dalbergia nigra was included in the Red List of the World
Conservation Union (IUCN) as a "threatened species". The attrition rate was extremely high in
the past. It was primarily the result of excessive logging and reckless devastation of the forest
habitat. Low densities were recorded as early as the 1920s, and the species became
increasingly rare by the 1990s. The recovery rate is very low due to the mentioned unregulated
logging and frequent attack by biological pests. According to the CITES report, illegal logging
of D. nigra remains a problem to this day.
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In general, it should be remembered that wood is a renewable source of raw material,

which has a wide range of uses. In recent years, the timber trade has been affected by various
negative factors, such as the global economic crisis, climate change, bark beetles attacking
mainly conifers, but also political and lobbying pressures.
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THREATS TO SUSTAINABILITY GOALS - ILLICIT TRADE
PRACTICES IN WOOD-BASED SECTOR AND WOOD PRODUCT
QUALITY INFORMATION

Petar Curi¢, Andreja Pirc Bargi¢, Leon Oblak, Darko Motik, Jelena Obrankovic, Denis Jelaié,

Abstract: lllicit timber and wood trade are an unwelcome practice. For example, a clear-cutting of an
area of forest equivalent to a football field happens every two seconds worldwide. The illicit trade of
timber depletes origin countries’ natural resources and has direct impact on sustainability and climate
change. At the same time, according to Europol illicit timber trade is one of the most financially rewarding
transnational criminal activities, generating an estimated USD 7 billion. The new EU Deforestation
Regulation came into force in June 2023 (it will replace the European Union Timber Regulation - EUTR),
will start to be applied from the end of 2024. Namely, illicit trade in wood and wood products, improperly
and incorrectly defined and highlighted declarations of wood products represent a significant problem.
Given that the changes in wood supply and trade raise crucial questions for the implementation of the
various policy measures, and for their effectiveness in achieving the objectives of tackling illicit trade and
establishing a sustainable wood-based sector. In that context, the aim of this paper is to analyze
practices, challenges, and consequences of illicit trade practices within wood-based sector and its
products at EU and global level. Additional aim is the short overview data regarding quantity,
transparency and accuracy information on wood products that can be bought at selling places in Croatia.

Keywords: wood industry; illicit trade; product quality information; sustainability

1. INTRODUCTION

Illicit timber and wood trade is an unwelcome practice. For example, a clear-cutting of an
area of forest equivalent to a football field happens every two seconds worldwide. The illicit
trade of timber depletes origin countries’ natural resources and has direct impact on
sustainability and climate change. At the same time, according to Europol illicit timber trade is
one of the most financially rewarding transnational criminal activities, generating an estimated
USD 7 billion.

There is no standard definition of illicit trade (Shelly, 2020). The World Customs
Organization (WCO) has been issuing annual reports on illicit trade since 2012 and it defined
illicit trade as the following: lllicit trade involves money, goods or value gained from illegal and
otherwise unethical activity. It encompasses a variety of illegal trading activities including
human trafficking, environmental crime, illegal trade in natural resources, intellectual property
infringements, trade in certain substances that cause health and safety risks, smuggling of
excisable goods, trade in illegal drugs and a variety of illicit financial flows. Furthermore, in 2014
the United Nations Security Council brought up a Resolution 2195 particularly focusing on
forms of illegal activity and illicit trade. In 2016, the OECD (Organisation for Economic Co-
operation and Development) developed its own definition of illicit trade, which is more focused
on the consequences of llicit trade, including its impacts on economic stability, social welfare,
and public safety. According Andreas (2004) an “lllicit trade” is a term used to describe a
number of diverse and invasive practices that characterize our societies, involving illicit flows
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of goods, money, services, information and people. Namely, illicit trade in wood and wood
products, improperly and incorrectly defined and highlighted declarations of wood products
represent a significant problem. Given that the changes in wood supply and trade raise crucial
questions for the implementation of the various policy measures, and for their effectiveness in
achieving the objectives of tackling illicit trade and establishing a sustainable wood-based
sector. In that context, the aim of this paper is to analyze practices, challenges, and
consequences of illicit trade practices within wood-based sector and its products at EU and
global level. Additional aim is the short overview data regarding quantity, transparency and
accuracy information on wood products that can be bought at selling places in Croatia.

2. ILLICIT TRADE AND WOOD PRODUCTS

As highlighted by the United Nations Conference on Trade and Development (2020), illicit
trade compromises the achievement of the UN Sustainable Development Goals by displacing
legitimate economic activity and depriving governments of revenues for investment.
Additionally, countries have committed to ‘significantly’ reducing ‘illicit financial flows’ (IFFs) by
2030 in accordance with Sustainable Development Goal (SDG). According to OECD illicit trade
generates billions of dollars annually for transnational criminal networks. According to the World
Economic Forum, illicit trade creates an annual drain of approximately USD 2.2 trillion on the
global economy — nearly 3 per cent of total gross domestic product. If illicit trade was a country,
its economy would be larger than Brazil’s, Italy’s or Canada’s, and as large as Mexico’s and
Indonesia’s combined (UNCTAD, 2020).

2.1. lllicit trade of wood products

As demand for timber products increases, so does illegal logging, which is a major driver
of the deforestation devastating forest-dependent communities, and worsening climate change.
In recent years, many conservationists have rightly celebrated the increase in sustainable
forestry around the world. However, the global demand for timber products continues to rise,
with one report estimating a global market value of nearly $998.47 billion by 2022. Industrial
logging is still the primary source of timber and timber-based products and much of this logging
is often unsustainable and illegal. Unsustainable and illegal logging in the tropics reduces the
financial viability of holding the land as managed forest and thus leaves it more vulnerable to
land-clearing for mining and agriculture. It also threatens endangered species like Indonesian
orangutans and Siberian tigers — as well as the trees themselves. Rosewood has been called
“the ivory of the forest” due to how widely it is trafficked, leaving many of the trees that produce
it threatened. Deforestation claims an estimated 10 million hectares each year (FAO 2020). As
much as 23% to 30% of hardwood lumber and plywood traded globally could be from illegal
logging activities, and illegal timber accounts for over 70% of timber exports in several countries
with high-carbon tropical forests like Peru, Bolivia and the Democratic Republic of Congo. As
the illegal timber trade continues to grow, so does opportunities for fraud in connection with
timber harvesting as well as in the wood products supply chain. Globally, according to Interpol,
as much as one-third of wood furniture—our chairs, tables, doors, beds—is built from timber
that has been illicitly harvested. Every year, the world loses 10 million hectares of wood, or an
area the size of Iceland, due to unlawful logging. Interpol states that the illegal timber industry
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is worth almost $152 billion annually (Nellemann et al. 2020). Bisschop (2015) noted that lllegal
timber trade is the commercial activity of illegally trading timber across one or more state
borders without proper papers or authorization and most illegally extracted timber is consumed
domestically and never actually enters the international market. Gan et al. (2016) also
confirmed that. The large majority of tropical timber is consumed directly on domestic markets;
only ten per cent of illegally produced wood products are traded on the international markets.
The illegal trade in timber is almost always linked to other criminal offenses, including forgery,
mislabeling, tax evasion, corruption, bribery and money laundering and mostly comprises high-
value species characterized by a large profit margin. What constitutes illegal activity in the
industrial logging sector depends on which local and national laws are applicable. In the tropical
countries where the most valuable timber is harvested, local and national laws typically regulate
the location, amount and method of harvesting.

2.2. lllicit practices in wood-based sector

Before illegal timber enters the market of consumer countries it passes through a complex
global supply chain involving multiple layers and types of markets as well as a wide network of
actors, including tree owners, millers, intermediaries, traders and purchasers (Kishor and
Lescuyer 2012). Pardo (2021) in his work ‘The Vietnamese Furniture Industry: A Trade
Discrepancy Analysis’ observed import and export flows between EU and Vietnam. He noted
that recent changes such as the 2019 Vietnamese Voluntary Partnership Agreement with the
European Union may improve the situation, available data shows discrepancies that indicate
under-reporting of high-risk timber imports into Vietnam as well as significant differences in the
reported values of various furniture exports. These differences cannot be explained by standard
variables in import and export costs and can potentially be used to disguise illicit movement of
money around the world. However, mismatches between the exporting and the importing
reports can also be result of deliberate trade mis-invoicing (UNCTAD 2020), a key method for
illegal movements of value across borders, commonly known as illicit financial flows. As one of
the biggest players in the timber business, China has also emerged as the primary destination
for the illegal timber trade (Carry and Maihold 2022) and as an export-oriented economy, the
country now depends on imported timber to produce secondary wood products for export
(Zhang and Gan 2007). Perazzoni (2018) noted lllegal logging continues to be a major issue in
Brazil, where up to 70 per cent of the total forestry production is believed to be illegal.

3. HOW WE CAN PREVENT ILLICIT TRADE
AND INCOMPLETE LABELING TRADE IN WOOD-BASED SECTOR

Many forests suffer from illegal exploitation and poor management. FSC was established
as a response to these concerns over global deforestation. The FSC Policy for Association
complements the stringent rules FSC already has in place against illegal timber. It strictly
forbids organizations associated with FSC to get involved in unacceptable activities that would
contradict the core values of FSC. In fact, the first unacceptable activity listed in the Policy for
Association is ‘lllegal logging or the trade in illegal wood or forest products. Violating this policy
can result in the termination of all association with FSC. The EU Timber Regulation is intended
to curb the trade in illegally harvested timber. In Germany, about 27,000 companies that import
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wood or wood products are subjected to the EUTR. In 2018, the Thiinen Centre of Competence
conducted a survey among German importers on the implementation of the EUTR. It showed
that small companies outside the timber sector in particular are often unaware of the EUTR.
Calculations by the Thinen Institute show that in 2020 about 87 % of the imported timber
volumes into the EU has been covered by the EUTR. Additionally, in 2018, the Thinen Centre
of Competence conducted a survey among German importers on the implementation of the
EUTR. It showed that small companies outside the timber sector in particular are often unaware
of the EUTR. Only 42 % of the 540 market participants surveyed were aware of the EUTR and
that the directive also applies to them. However, these companies together import 91 % of all
EUTR products (in terms of total value in euros). Additionally, only 42 % of the 540 market
participants surveyed were aware of the EUTR and that the directive also applies to them.
However, these companies together import 91 % of all EUTR products (in terms of total value
in euros). 28 % of operators reported having the mandatory due diligence system in place.
The General Product Safety Directive (GPSD) requires importers and manufacturers to ensure
that their products, including furniture, are safe to use. Importers and manufacturers are also
required to provide a traceability label. Although following harmonised standards is not
mandatory, it is a way to ensure that the products are compliant with the requirements of the
directive.

Sanco (2006) noted that labelling is an important market tool which should be viewed as an
integral part of communication between societal players (business to consumers, directly and
via intermediaries, authorities to consumers, etc.).. The benefits of consumer information in
general and labelling in particular are clear. For the consumer, it provides the means for the
operator to pass on essential information about products (use-by dates, safety warnings, etc.)
as well as information which, whilst perhaps not essential, is considered useful (nutrition
labelling, recycling details, etc.). As such, the label has the role of allowing the consumer to
make an informed choice at the point of sale about whether to purchase a product and, if they
do so, to consider how best it should be used.

4. ILLICIT TRADE OF WOOD PRODUCTS AND SUSTAINABILITY

lllegal logging and its associated timber trade have enormous environmental, social and
economic implications (Carry and Maihold 2022). Uncontrolled logging is responsible for a host
of problems, including biodiversity loss, desertification, and greenhouse gas emissions. And
the global demand for wood is only increasing. Carry and Maihold (2022) noted that according
to Global Witness (2021) the year 2020 has been declared the deadliest year so far for land
and environmental defenders, with more than 220 lethal attacks recorded, many of which were
associated with forestry. For an example, until 2010, the Brazilian government had made
significant progress in illegal deforestation, with data showing that deforestation rates were
down 70 per cent in 2013 compared to the average from 1996 to 2005, while greenhouse gas
emissions resulting from deforestation had been cut by almost 70 per cent (Corréa 2014
published in Carry and Maihold 2022).
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5. ILLICIT TRADE AND LABELING OF WOOD PRODUCTS IN CROATIA

Croatian Forests was the first forest management company from the Adriatic-Balkan region to
apply for FSC forest management certification. In 2002, after a successful third-party audit, it
received the FSC FM certificate, which covered more than 2 million ha of state forest area. Until
2007, Croatian Forests was the only FSC-certified forest management company in the region,
making it a pioneer in forest management certification. Also, the fact that Croatian Forests Itd.
can market all its products as FSC certified is of great importance for the Croatian wood
industry, considering that most of their raw material comes from that source. Wood processors
have recognized this opportunity so that there are currently over 300 FSC COC certified
companies in Croatia, which have thus gained a great comparative advantage. The existence
of the certificate should encourage the export orientation of our wood industry, in such a way
as to achieve greater added value to the products. Furthermore, within a Cost Action titled
'Globalization, lllicit Trade, Sustainability and Security ‘and in cooperation with a Department
of Wood Science and Technology Biotechnical Faculty University of Ljubljana we developed a
questionnaire aiming to analyze a quality, quantity, transparency and accuracy of available
information will be investigated. All this will help us to give a present state about the
transparency and availability of information which will contribute to better understanding of the
level of illicit trade practices regarding wood-based products. The first preliminary results
showed that sellers of wood products label their wood products, but not sufficiently detailed and
transparent. More detailed analysis will be conducted in the short period of time and
comparison with the Slovenian selling places of wood products will be made.

6. SUMMARY

Illicit timber trade includes practices such as logging in protected areas, exceeding
permitted harvest quotas, processing logs without the necessary licenses, operating under a
license that has been obtained illegally and exporting products without paying export duties.
These illicit practices leave large areas deforested, barren or unable to renew harvests for
decades. Additionally, illegal logging undermines the important role forests play as “carbon
sinks” in climate systems by limiting their potential to absorb carbon dioxide. On the other hand,
illicit trade within wood-based product withholds consumers of the relevant information to make
choices, based on awareness for sustainable development in harmony with nature, including
consumption of rare woods and woods sourced unsustainably. Moreover, illicit timber trade
strips the economic livelihood of local communities and responsible companies. The wood-
based sector has changed significantly since the turn of the century: the ways in which timber
is produced have altered, and patterns of consumption and trade have shifted. During this same
period, the policy environment has evolved too. Not only has there been an expand of efforts
aimed at tackling illegal logging, wood and wood-based products have also risen up the agenda
in international policy processes related to sustainable development and climate change. The
changes in timber supply and trade raise crucial questions for the implementation of the various
policy measures, and for their effectiveness in achieving the objectives of tackling illicit trade
activities and establishing a sustainable wood-based sector.
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OPPORTUNITIES FROM PARTICIPATION IN GLOBAL VALUE
CHAINS OF BULGARIAN FURNITURE ENTERPRISES

Daniela Ventsislavova Georgieva, Radostina Popova-Terziyska

Abstract: Companies involved in global trade and manufacturing are actively engaging in global value
chains (GVCs). Nevertheless, a significant number of Bulgarian furniture enterprises are not involved in
these chains. The paper aims to outline the vision of the managers of some Bulgarian furniture
enterprises related to the benefits of participating in GVCs and the current managerial practices related
to it. The primary research methods are logical, deductive, and comparative approaches, along with
analysis and synthesis methods. Data from online questionnaires distributed among managers of
Bulgarian furniture companies is presented as well. Some of the outcomes of the analyzed answers are
indicative that the inadequate understanding of Global Value Chains among managers, coupled with a
low level of involvement in these chains, results in limited competencies within management teams.
Keywords: global value chains; furniture enterprises; questionnaires

1. INTRODUCTION

Global value chains (GVCs) have a crucial role in transforming business sectors by
improving productivity and creating new job opportunities (Qiang et al., 2021). However,
COVID-19 has revealed many weaknesses of the GVCs. This was a reason the European
Union’s objective to shift towards shortening the chains and reducing the Union's dependence
on foreign markets. A key challenge for effective participation in global value chains is to
develop a new perspective of the companies to identify potential benefits while reducing chain
risks and prioritizing the supply of key raw materials. Exploring potential opportunities at each
stage of the chain requires higher-level skills, learning, complex technological capabilities
(Pietrobelli and Rabellotti, 2011, p. 1262), and positive managerial attitudes towards
participation in GVCs. Previous studies in the field report reluctance of Bulgarian enterprises to
participate in GVCs (Georgieva, 2023; Georgieva et al., 2022). This requires additional studies
related to the managerial vision of the risks and opportunities as a factor of participation in such
chains.

The study of managerial attitudes in the forest industry underpins recent research on
global value chain and supply chain issues. Untapped potential in this area is particularly
important in the context of crisis management and global resource and staffing issues.
Managers of the majority of small and medium-sized enterprises have for years realized the
advantages of cooperation with large enterprises as well as with smaller ones, but still
encounter great difficulties in implementing them despite positive attitudes. It is of interest
whether after and in conditions of different types of crises the managers of furniture enterprises
rely on strategic partnerships and inclusion in value chains as part of their anti-crisis
management and how they evaluate the benefits of this.

The paper aims to outline the attitudes of the furniture enterprises' management regarding
the benefits and negative sides of their participation in global chains. The adopted research
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methods are based on the logical, deductive, and comparative methods, as well as on the
methods of analysis and synthesis. For the empirical study data from on online questionnaire
during the period from November 2023 to February 2024 among managerial representatives of
Bulgarian furniture enterprises are presented.

2. LITERATURE REVIEW

Chiu (2014) argues that supply chain diversity allows companies to innovate, diffuse new
skills and technologies as well as to improve their assimilative power. Humphrey and Schmitz
(2002) state that companies' participation in GVCs can lead to process innovations, reducing
the cost of the manufactured product or service by more efficiently converting input materials
and resources into a final product (service). Additionally, it can lead to expanding the product
portfolio, producing higher quality products and services, and increasing the added value of the
labor. Participation in GVCs helps local manufacturers to learn from global leaders. In some
cases, the technologies and the know-how that are transferred from global leaders to local firms
are limited to product information and production techniques (Gereffi and Kaplinsky, 2001). It
leads to a lack of diffusion of intensive knowledge and skills in the workforce, which does not
allow for increasing the value added along the chain. A major reason is the reluctance of global
leaders to transfer knowledge that can subsequently be used in the local market by potential
competitors. The problems of interfirm cooperation in the forest industry have been the subject
of research for many years, in various aspects of cooperation. Large-scale studies on the
subject have been carried out in connection with the participation of furniture enterprises in
Bulgarian clusters and on the occasion of innovation cooperation in the sector. All of them show
positive attitudes on the part of managers to participate in production chains and
entrepreneurial networks, but low levels of collaboration and cooperation. (Popova 2008;
Ivanova and Popova, 2009a, 2009b; Chobanova et al. 2018, p. 129).

Among the strategic problems of the enterprises over the years, leading to the low activity
are the weak innovation and management culture, lack of qualified specialists, and low level of
payment in the sector. Along with the unattractive working conditions in production mainly in
the forest areas, the process of increasing the innovativeness and competitiveness of the
enterprises becomes very slow. A key challenge for effective participation in global value chains
is related to developing a new perspective to identify benefits and possible future threats while
reducing risks along the chain and prioritizing the supply of key raw materials. Maintaining
stocks of essential raw materials is also an opportunity to reduce shocks along the chains from
future uncertainty in the economic, political, and health environment. Such a stock essentially
contradicts the effective implementation of the Just-in-Time system, which is why proper
logistics and the achievement of an appropriate balance in the warehouse holdings of
enterprises are necessary. Enterprises even expect a deterioration of the added value along
the chains and even the collapse of some of them. However, this attitude is not a result of
COVID-19, but rather an overall vision and attitude of the managers regarding the benefits of
participating in GVCs (Georgieva, 2023).
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3. SURVEY METHODOLOGY AND RESULTS

The survey was conducted during the period from November 2023 to February 2024 and
underwent a pilot phase to refine and enhance the questionnaire. The initial pilot survey was
instrumental in identifying areas that needed improvement in the questionnaire design.
Feedback and insights gathered from the pilot survey were carefully considered to make
necessary enhancements and modifications, ensuring the questionnaire's effectiveness for the
main survey. The final questionnaire, consisting of three main categories of questions was
distributed online among fumiture companies, operating in Bulgaria. 106 filled-in questionaries
were collected and analyzed. The primary objective of the survey was to provide insights into
the risks and opportunities associated with achieving innovativeness through participation in
global value chains, specifically from a managerial perspective. The collected data were
analyzed using IBM — SPSS Statistics, version 19.

From a socio-demographic standpoint, approximately 36% of the respondents held the
position of CEOs, while around 42% were founders, and the remaining respondents
represented various management departments within the fumiture enterprises. Around 65.1%
of the respondents acknowledge that their company do not participate in Global Value Chains
(GVCs). The perceived risks associated with companies' participation in global value chains
(GVCs) for value addition, as reported by the respondents, encompass several key dimensions.
The concerns include:

o Apprehension by 3.8% of respondents about the vulnerability of their data, potential
theft of intellectual property, and the risk of business ideas being compromised.

e The regulatory landscape is perceived as intricate, indicating challenges for
companies navigating the legal requirements associated with participation in GVCs. This risk
is expressed by 5.7%

e A substantial portion of respondents (28.2%) highlights the risk of dependency on
other companies within the value chain, signaling concerns about potential disruptions or
reliance issues.

o  Wage disparities are identified as a risk, suggesting that companies are mindful of
the potential social and ethical implications associated with participating in global value chains.
Hence, wage inequality is considered as a risk by 7.5% of the respondents.

o  Nearly one-fifth of respondents (19.8%) express concerns about limitations on their
freedom to make decisions, indicating potential challenges in autonomy within the value chain.

e The reluctance to share knowledge and technology along the value chain is
recognized as a risk by 5.7%, pointing to potential barriers in collaboration and information
exchange.

e  Changes in exchange rates impacting raw material prices are perceived as a risk by
a small percentage of respondents (1.9%), reflecting concerns about financial volatility.

e Almost one-fith of respondents (18.9%) identify delayed deliveries as a risk,
indicating concerns about the timely and efficient flow of goods within the value chain.

o  The risks associated with economic interdependence and susceptibility to external
shocks are acknowledged by some respondents (5.7%), reflecting concerns about global
economic dynamics.
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e A minority of respondents (2.8%) perceive GVCs as not being a genuine part of the
local economy, suggesting skepticism about the tangible benefits of such participation.

In summary, the identified risks highlight the multifaceted challenges and considerations
that companies weigh when engaging in global value chains for value addition. The various
concerns underscore the complexity of managing operations within a globalized and
interconnected business environment.

Furthermore, the managers surveyed assert that Bulgarian companies lack the
knowledge to handle the risks associated with Global Value Chains (GVCs). There is a noted
deficiency in managerial comprehension of the essence of GVCs (13.2%), contributing to
restricted competencies within management teams due to the low level of participation in these
chains (3.8%) (see Figure 1).

m Competencies of management
teams are limited

| | ack of management
understanding and practices for
global value chains

Bulgarian companies do not know
how to manage risks from global
value chains

m Not participating unless there is a
foreign investor

= Good understanding is needed of
both the chain structure

Figure 1. Answers related to management practices in Bulgarian companies about their
involvement in global value chains, N=109

The survey sought to understand the managerial view related to the benefits of enterprise
participation in Global Value Chains (GVCs). A small percentage of respondents (2.8%)
acknowledge that participation in GVCs contributes to the development of their innovative
potential. This suggests that for some companies, involvement in GVCs is perceived as a
catalyst for fostering innovation. Another minor percentage (1.9%) emphasizes the motivation
to provide competitive products. This indicates that some companies view GVC participation
as ameans to enhance their competitiveness in the market. A significant portion of respondents
(9.4%) recognize the value of GVCs in facilitating the sharing of technological advancements
and other relevant information. This highlights the importance of information exchange within
the value chain. Over 12% of respondents identify the formation of new partnerships as a
positive outcome of GVC participation. This underscores the networking and collaboration
opportunities that arise from engagement in global value chains. A notable percentage
acknowledges the positive impact of GVCs on staff qualifications (7.5%). This suggests that
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participation in global value chains may contribute to skill development within the workforce.
More than 11% of respondents emphasize the role of GVCs in facilitating the exchange of
knowledge and the dissemination of established practices. This underscores the learning
opportunities inherent in global value chains. A small percentage recognizes the promotion of
research and development activities (4.7%) as a benefit of GVC participation. This suggests
that some companies see GVCs as supportive of their innovation-focused initiatives. Aimost
9.5% of respondents highlight the importance of GVCs in providing access to customers. This
indicates that participation in global value chains can enhance market reach for companies. A
moderate percentage acknowledges that GVC participation grants access to additional
investment funds (5.7%). This suggests the financial benefits associated with engaging in
global value chains. Over 12% of respondents believe that GVCs enable companies to conquer
new markets. This underscores the market expansion opportunities that arise from participation
in global value chains. A significant percentage recognizes the advantage of using cheaper
resources (17.9%) through GVC participation. This emphasizes the potential cost efficiencies
associated with accessing resources within the value chain. A small percentage acknowledges
that GVC participation can reduce risks for the firm from unforeseen circumstances (4.7%).
This suggests a perceived risk mitigation aspect associated with involvement in global value
chains.

4. CONCLUSIONS

According to the opinion of the Bulgarian managers, the key problems in the participation
of GVC enterprises are related to a lack of knowledge and competencies for the management
of risks arising from the complexity of the management of products and processes in these
chains.

The results of the conducted research highlight some opportunities for participation in
GVC, which should be used of Bulgarian furniture companies such as:

o Increasing of the innovation potential and innovation cooperation;
Increasing of the competitiveness and technological transfer;
Improving of the qualifications and developing the competencies of employees;
Increasing of the market share and access to new markets;
Increasing of the sources of financing product and process innovations;
Increasing of the access to cheaper resources and effective cost management.

Acknowledgements: The paper presents primary data from Project ,Development and
implementation of a model for assessing the innovation potential of global value chains
as a basis for increasing regional competitiveness” financed by the National Science
Fund, contract No KI-06-H55/8 from 16.11.2021.
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FORECASTING THE TRENDS FOR THE DEVELOPMENT OF
GLOBAL VALUE CHAINS: THE CASE STUDY
OF THE FURNITURE AND AGRIBUSINESS SECTORS

Teodora Marinova Georgieva, Daniela Ventsislavova Georgieva

Abstract: Technological value chains are a traditional channel for organizing economic activities and
processing raw materials into final products. When they include producers from different countries and
are globally represented, they become particularly vulnerable to the impact of global and regional crises.
In this context, the purpose of the report is to forecast the main trends for the development of global
value chains in the field of forestry and furniture sectors. The study is based on Delphi method - an
expert-based survey that takes place in several stages and embraces the opinion of leading experts on
the topic. The report presents the methodology for applying Delphi method and the results of the
conducted research.

Keywords: global value chains, Delphi method, forestry and furniture sectors

1. INTRODUCTION

Economies put increasing efforts into their competitive positions. In recent years, there
has been a fundamental change in the management and organisation of innovation processes.
The analysis of foreign investment flows and the concentration of production processes at an
international level show that the innovation capacity and technological competencies, once
concentrated at the head offices of multinational enterprises, are increasingly being outsourced
towards their peripheries and are being performed by companies located outside major
economic centres. In this context, global value chains attract the attention of both the academic
community and the political level as a factor for economic transformation and growth of local
economies. Combined with the foreign investment flow, they provide a channel for the
dissemination of technological knowledge, entrepreneurial culture and innovation capacity,
changing the profile of related economic sectors and regions in which they are concentrated.

A wood furniture manufacturer could enhance its performance within the value chain and
network by either enhancing the efficiency of its manufacturing processes or transitioning from
manufacturing to focusing on product design (Abonyi, 2006). GVCs have become relevant in
development policies through international organizations and the national development
agencies of foreign donors. GVC participation has been regarded as a crucial component of
national development strategies, but the predominant elements adopted from GVCs are largely
market-oriented and centre on the export sector. Hence, GVCs could transform not only the
companies but whole industries and countries (Staritz, 2012; Dallas, 2014). Some authors
highlight the potential for local producers to acquire knowledge from the leading entities within
the chains, which can be either buyers or producers (Gereffi, 1994; Gereffi and Kaplinsky,
2001). Moreover, the literature emphasizes the role of GVC leaders in disseminating knowledge
throughout the chains. For small firms situated in less developed nations, engaging in value
chains could give them access to a global market (Humphrey and Schmitz, 2000). In this
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respect, Global value chains yield significant economic advantages for both the participating
companies and the national and regional economies involved (OECD, 2013).

The furniture industry is traditionally labour-intensive with a fragmented supply chain
where many stages of production are often outsourced (Study on the EU furniture market
situation and a possible furniture products initiative, 2014, p.17). Furniture manufacturers are
investing in augmented reality technologies, such as virtual 3D models of furniture in real-time
room settings, to support marketing, sales, and customer decision-making (Furniture Global
Market Report 2021). Research in the field indicates that companies in the furniture
manufacturing sector allocate more funds to the acquisition of machinery and equipment rather
than to research and development (Pinkard and O’grady, 2016; Stefanov, 2020). Similarly, the
development of the agro sector and the creation of its basis for national competitive advantages
depend on the innovation activity of the links in the sectoral innovation system (Mileva &
Georgieva, 2022). As a result of low productivity and profitability, lack of financial security, and
adaptability to changes (Bashev & Koteva, 2021), more than one-third of all farms in Bulgaria
have a low level of competitiveness (Mileva & Georgieva, 2022). However, investigating the
potential innovative opportunities at each stage of the chain requires learning, creating, and
acquiring skills of higher level and more complex technological capabilities.

The purpose of the study is to forecast the prospects for the development of global value
chains through the application of the Delphi Method in the furniture manufacturing and
agribusiness sectors. The Delphi method is an expert-based survey that takes place in several
stages — most often there are three stages. The experts' responses are analysed and
summarized after each stage. In each subsequent stage, survey participants receive
aggregated feedback on the answers given by the experts in the previous stage. The aim is to
reach a consensus among participating experts on realistic and feasible perspectives for the
development of global value chains.

2. SURVEY METHODOLOGY, RESULTS AND DISCUSSIONS
2.1. Methodology

Data collection took place between April and August 2023. Over 30 experts from the
forestry and agriculture sectors were identified and invited by email to participate in the study.
The data was collected using an online tool (‘Unipark'), and the experts had two to three weeks
to provide their responses. Completion of the questionnaire could be interrupted and resumed
at a later stage. While the questionnaires in each of the three rounds were active, all participants
received several reminder emails to increase the response rate. Questionnaires for the three
rounds of the Delphi survey were prepared together with the project team members and tested
before they were uploaded to the Unipark platform used to implement the survey.

2.2. Research results and discussion
The final result of the three rounds is the summary opinion of the participating experts on

the impact of global chains on the economic development of the regions where the enterprises
participating in them are located, on the benefits and risks for the enterprises, especially in
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terms of their innovation potential and their growth, and also on the role, implementation and
effectiveness of European and national policies for the purposes of global value chains. Table
1 presents a summary of the opinions of the experts.

Table 1. Summary of the experts’ opinions on the main questions discussed

Question 2: What is the strongest interaction between participants in global value chains?

For this question, the experts were
instructed in the first round to name the five
most important modes of interaction in their
opinion, choosing from a predetermined
set of possible answers. In the second
round, they were asked to rank the
answers in order of importance, having
previously been informed of the ranking in
the previous stage. The five most important
interactions between GVC participants are:

1. Innovation activity.

2. Logistics of raw materials, materials,
semi-finished products.

3. Production of products and services.
4. Exchange of experience and ideas.

5. Research and development activity.

Question 3: In what specific ways do global

value chains affect regional economies?

In this question, as in the previous one, the
experts in the first round indicated five of
the pre-set possible answers. In the
second round, they were informed about
the arrangement in the previous round and
had the opportunity to change their
answers. The most important ways in
which GVC affect regional economies are:

1. Competitiveness.

2. Innovation potential of the regional
economy.

3. Innovation potential of the business.

Question 5: Are there circumstances where participation in global value-added chains

may negatively impact regional development?

In the first round, the experts shared 44
proposals, which after analysis were
summarized in 12 different circumstances.
In the second round, the experts agreed
with six of them. After the third round, the
following five circumstances emerged as
the most important:

1. The more active/larger participants in the
GVC can gain a dominant position and
manipulate the participation of the less
active/larger ones.

2. Participation may lead to a reduction in
regional production, regional development
activity and the workforce in the given field.
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3. Price pressure from larger players in the
chain can lead to the destruction of local
entrepreneurial businesses, due to the
importation of products of lower quality and
much lower price.

4. The war in Ukraine / wars / political
crises.

5. Predatory use of resources and
environmental pollution.

Question 11: What should be the role of national policies and local institutions in creating
industrial areas for rapid development and participation in global value chains?

The experts were extremely motivated on
this issue, and offered as many as 58
opinions on the role of political institutions
at the national and local level. In the
second round, they had to say how much
they agreed with the formulated 18
statements. Somewhat surprisingly, all 18
received over 75% support, and 6 of them
over 90%. Logically, the large number of
claims resulted in the votes being spread
out in the third round, and only three of the
claims received about or over half of the
possible votes. These three views on the
role of policies are:

1. Political institutions must first of all
provide conditions for the successful
training of people, and not provide buildings,
grounds, etc. material prerequisites.

2. Provision of conditions for investments,
low taxes for start-up businesses, support
for small and medium-sized enterprises, tax
breaks for companies participating in the
chain.

3. Modernization of the digital infrastructure.

Question 12: Where should the emphasis of national policies related to the digital
transition be placed in order to support Bulgarian companies in this process?

And this question provoked the experts to
think - 55 proposals for political priorities in
the field of digital transition were made in
the first round. After analysis, 14 summary
proposals were evaluated in the second
round. Two of them remained below the
barrier and were not voted in the third
round. Only two proposals received half

1. Improving our national cyber security
policy and ensuring a safe electronic
environment.

2. Promotion of cooperation between
academic circles and Bulgarian companies.
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the votes (9). Two more of these were 3. Construction of information systems and
named as most important by six experts. portals for exchange of practices.

4. Appropriate digital infrastructure, fast and
accessible internet.

3. CONCLUSION AND RECOMMENDATIONS

The main objective of the Delphi survey conducted was to gather expert opinions on the
different dimensions of global value chain operations in their respective sectors. In particular,
the emphasis was placed on the influence of GVC on the Bulgarian furniture and acriculture
companies included in them. The experts also assessed the wider impact of GVC on the
competitiveness of the regions where these companies are located.

In the first stage of the Delphi survey, 23 experts took part, who expressed their views
and opinions on GVC, as well as the benefits and challenges of the participation of Bulgarian
companies in these chains. A total of 600 responses were received to the 15 questions. After
analysis, these 600 responses were summarized into 200 statements.

In the second stage, 18 participating experts expressed their agreement or disagreement
with these statements. All statements that reached an endorsement rate of 75% or more were
included in the third and final stage of the Delphi survey. At this stage, the 18 participating
experts voted and thus selected the most important statements. Thus, we found out which
views, perceptions and opinions about GVC are the most significant according to the experts.

The experts were provided with information about the degree of endorsement of the
statements from the second stage before ranking the statements according to their importance.
This information appears to have had little effect on their assessment. For the majority of
statements, the order remained the same in the second and third stages—those with the
highest endorsement ratings in the second stage were selected as most important in the third.
A slightly more significant change in the order of statements was observed only for questions
11, 12, 13 and 14. This shows that despite the relatively long period between the second and
third stages (about one month), the experts' opinions are stable and sustainable.

As a priority, experts engaged in the Delphi survey view involvement in Global Value
Chains as enhancing regional competitiveness and innovation capabilities of the furniture
manufacturing companies and the companies from the agribusiness sectors. Advantages
emerge at the company’s level by focusing on building innovativeness and competencies,
outsourcing ancillary tasks, achieving cost-effectiveness or improving the quality of the
production. Fostering competition in domestic input markets, and benefiting from knowledge
transfer from multinational enterprises are additional benefits for the furniture and agribusiness
companies.

Acknowledgements: The paper presents data from Project ,Development and implementation
of a model for assessing the innovation potential of global value chains as a basis for increasing
regional competitiveness” financed by the National Science Fund, contract No KI1-06-H55/8
from 16.11.2021.
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FINTECH AND THE FORESTRY INDUSTRY

Deyan Radev

Abstract: This study explores the transformative potential of fintech in the forest-based sector, unveiling
a landscape where technology intersects sustainability. To this end, the paper demonstrates how
blockchain, Al-driven precision forestry, crowdfunding, tokenization, and community-engaging apps
reshape forestry practices. Amid promises, challenges of regulatory compliance, economic risks, and
environmental considerations emerge. The conclusion calls for collaborative innovation, responsible
practices, and interdisciplinary research to harness fintech’s potential sustainably. Focusing on future
research venues, the paper envisions a forest-based industry positioned as a global leader in responsible
forestry, economic resilience, and environmental stewardship.

Keywords: Fintech, forestry, development, artificial intelligence, blockchain, financial services,
digitalization

1. INTRODUCTION

The relationship between financial technology (fintech) and traditional industries has
played a central role in contemporary economic transformations. The term fintech broadly
refers to the application of cutting-edge technologies to enhance and automate financial
services. These technologies encompass a spectrum ranging from artificial intelligence (Al)
and blockchain to mobile applications and data analytics. The dynamism inherent in fintech
innovations has demonstrated their capacity to redefine traditional business models across
various domains, transforming how transactions are conducted, data is managed, and financial
services are delivered (AlBenJasim et al., 2023; Alam, 2023). As technological advancements
reshape the landscape of various sectors, the intersection of fintech with industries such as
finance, healthcare, and manufacturing has garnered substantial attention. However, an area
that remains underexplored, yet of paramount importance for both economic and environmental
considerations, is the connection between fintech and the forest-based industry. This paper
seeks to fill this gap, delving into the implications and opportunities that arise at the intersection
of financial technology and forestry.

The forest-based industry, encompassing forestry, logging, wood processing, and related
activities, stands as a cornerstone of global economies and ecosystems (FAO, 2021).
Sustainable management of forests is not only necessary for maintaining biodiversity and
mitigating climate change but also critical for supporting livelihoods and economies worldwide.
Historically, the forest-based industry has navigated challenges such as illegal logging, supply
chain opacity, and inefficiencies in resource allocation. However, the emergence of fintech
introduces a transformative wave of possibilities, promising to address longstanding issues and
elevate the industry’s sustainability and profitability.

The forest-based industry, operating within a traditional framework, has the potential to
benefit substantially from fintech integration. Fintech’s ability to streamline financial processes,
enhance transparency, and facilitate access to capital holds deep implications for sustainable
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forestry practices. By investigating this linkage, we can discern how fintech applications
contribute to operational efficiency, environmental sustainability, and financial inclusion within
the forest-based industry. Additionally, understanding this synergy is essential for
policymakers, industry practitioners, and researchers alike to navigate challenges, leverage
opportunities, and guide the sector towards a more sustainable and technologically-driven
future.

The chapter is structured as follows. Section 2 discusses the overall impact of fintech on
the forestry industry. Section 3 discusses opportunities and future trends, while Section 4
concludes and outlines recommendations and venues for future research.

2. IMPACT OF FINTECH ON THE FOREST-BASED INDUSTRY

This section delves into the deep impacts that fintech integration has on the forest-based
industry, going beyond traditional practices and shaping a dynamic landscape. From financial
processes to sustainable forestry management, the influence of fintech passes through the
entire supply chain, offering both challenges and opportunities.

2.1. Financial Transformation in the Forest-Based Industry

Fintech’s entrance into the forest-based industry has led to a financial transformation,
revolutionizing the way financial transactions are conducted, recorded, and managed within
forestry operations.

e  Streamlining Financial Processes: The adoption of digital payment solutions has
streamlined financial processes within the forest-based industry. Mobile applications and online
platforms facilitate the seamless transfer of funds, reducing reliance on cumbersome and time-
consuming traditional banking methods. This not only enhances operational efficiency but also
minimizes transactional friction (see, e.g., AIBenJasim et al., 2023).

. Enhanced Transparency: Blockchain technology, a key component of fintech, has
introduced unprecedented transparency into financial transactions within forestry. By providing
a decentralized and tamper-resistant ledger, blockchain ensures that every financial
interaction—from the sale of timber to the distribution of funds—is securely recorded and
verifiable. This transparency fosters trust among stakeholders and addresses concerns related
to fraudulent activities (see, e.g., Alam, 2023).

o  Financial Inclusion for Small Enterprises: Fintech applications have played a
pivotal role in promoting financial inclusion for small and medium-sized enterprises (SMEs) in
the forest-based industry. Digital payment solutions enable these enterprises to access banking
services, facilitate transactions, and establish a financial identity. This inclusivity contributes to
the economic empowerment of SMEs, fostering a more resilient and diverse forest-based
sector (see, e.g., World Bank, 2023).

e Risk Mitigation through Smart Contracts: Smart contracts, enabled by
blockchain, automate and enforce financial agreements within forestry operations. This not only
reduces the risk of contractual disputes but also ensures that all parties adhere to predefined
terms. The automation of contract execution through smart contracts contributes to risk
mitigation and operational efficiency (see, e.g., Alam, 2023).
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2.2. Supply Chain Transparency and Traceability through Blockchain Technology

Blockchain, a disruptive fintech innovation, has far-reaching implications for the supply
chain within the forest-based industry. Its application enhances transparency and traceability,
addressing critical issues related to illegal logging, sustainable sourcing, and certification.

e  Traceability of Timber Products: Blockchain's decentralized ledger ensures the
traceability of timber products throughout the entire supply chain. From the moment a tree is
harvested to the processing and distribution of wood-based products, every transaction is
securely recorded. This traceability not only addresses concerns related to illegal logging but
also provides consumers with assurance regarding the authenticity of sustainably sourced
wood (Alam, 2023).

e  Smart Contracts for Transparent Agreements: Smart contracts embedded in
blockchain facilitate transparent agreements within the supply chain. These contracts,
automatically executed when predefined conditions are met, eliminate the need for
intermediaries and ensure that contractual terms are adhered to. This transparency reduces
the risk of disputes and discrepancies, fostering a more efficient and reliable supply chain
(Alam, 2023).

o  Certification and Compliance: Blockchain offers a secure and transparent means
of recording certification and compliance data within the forest-based industry. Certifications
such as those provided by the Forest Stewardship Council (FSC) can be securely stored on
the blockchain, verifying that timber products meet sustainability and legality standards. This
not only streamlines certification processes but also builds trust among consumers and
regulatory bodies (see, e.g., He and Turner, 2022).

2.3. Al and Machine Learning for Sustainable Forestry Management

Fintech's integration with artificial intelligence (Al) and machine learning (ML)
technologies has important implications for sustainable forestry management. From precision
forestry to predictive analytics, these technologies contribute to informed decision-making and
the optimization of forestry operations.

e  Precision Forestry: Al and ML algorithms analyze vast datasets, including satellite
imagery and geospatial data, to identify patterns and trends in forest ecosystems . This enables
precision forestry, where decisions related to harvesting, thinning, and reforestation are based
on real-time and predictive insights. Precision forestry minimizes environmental impact,
enhances resource efficiency, and promotes sustainable land management (see, e.g., Iglseder
etal., 2023).

e  Predictive Analytics for Forest Health: Al-driven predictive analytics assess
factors such as tree health, susceptibility to pests, and fire risk. By forecasting potential threats
to forest health, forestry managers can proactively implement measures to mitigate risks. This
proactive approach not only preserves the ecological balance of forest ecosystems but also
ensures the long-term sustainability of forestry operations (Iglseder et al., 2023).

e  Optimizing Harvesting and Logistics: Machine learning algorithms optimize the
planning and scheduling of harvesting operations within sustainable forestry practices. By
considering factors such as terrain, weather conditions, and transportation logistics, Al can
create efficient harvesting plans. This not only reduces environmental impact but also
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minimizes operational costs, contributing to the overall economic viability of sustainable forestry
(Iglseder et al., 2023).

o  Ecosystem Services Valuation: Al applications contribute to the quantification and
valuation of ecosystem services provided by forestry. This includes the assessment of carbon
sequestration, water regulation, and biodiversity conservation. Integrating these valuations into
forestry management practices fosters a holistic approach that acknowledges the various
benefits of forestry beyond timber production (He and Turner, 2022).

3. OPPORTUNITIES AND FUTURE TRENDS IN THE FOREST-BASED INDUSTRY

This section explores the different opportunities and future trends introduced by fintech
in the forest-based industry, emphasizing the potential for innovation and sustainability.

3.1. Integration of Emerging Technologies

o  Blockchain for Carbon Credits and Emission Reduction: Blockchain technology
can facilitate the creation and trading of carbon credits within the forest-based industry. By
securely recording and verifying carbon sequestration activities, blockchain ensures the
transparency and authenticity of emission reduction efforts. This not only incentivizes
sustainable forestry practices but also provides a mechanism for companies to offset their
carbon footprints (He and Turner, 2022).

o  Aland ML for Precision Conservation: The integration of artificial intelligence and
machine learning in conservation efforts enhances precision and effectiveness. Al algorithms
can analyze vast datasets to identify areas with high biodiversity value or those at risk of illegal
logging. This precision conservation approach allows for targeted interventions, optimizing the
allocation of resources for maximum impact (Iglseder et al., 2023).

o  loT for Real-time Forest Monitoring: The Internet of Things (loT) can be leveraged
for real-time monitoring of forest ecosystems. Connected sensors can provide data on
environmental conditions, tree health, and even detect early signs of pests or diseases. This
real-time data empowers forestry professionals to proactively manage and protect forest
resources (lglseder et al., 2023).

3.2. Sustainable Finance Innovation

e  Impact Investing Platforms: Fintech platforms can play a crucial role in connecting
impact investors with forestry projects aligned with environmental and social objectives. These
platforms use technology to match investors' preferences with projects that focus on
sustainable practices, biodiversity conservation, and community development. Impact investing
in forestry through fintech channels contributes to the realization of both financial returns and
positive environmental outcomes (Horisch, 2015).

. Tokenization of Forest Assets: Fintech, coupled with blockchain, can further
innovate sustainable financing by enabling the tokenization of forest assets. This allows
fractional ownership and trading of digital tokens representing ownership in specific forest
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projects. The tokenization model enhances liquidity, broadening the investor base and fostering
inclusivity in supporting sustainable forestry initiatives (Alam, 2023).

3.3. Addressing Global Challenges

o  Fintech for lllegal Logging Prevention: The application of fintech, particularly
blockchain, can play a pivotal role in preventing illegal logging. By creating an immutable and
transparent record of timber transactions, blockchain ensures that only legally sourced wood
enters the supply chain. This not only addresses environmental concerns but also aligns with
global efforts to combat illegal logging and promote sustainable forestry (He and Turner, 2022).

¢  Fintech Solutions for Climate Resilience: Fintech innovations can contribute to
climate resilience in the forest-based industry. This includes the development of financial tools
and insurance products that support forestry projects in adapting to and mitigating the impacts
of climate change. Fintech solutions tailored to climate resilience enhance the sector's ability
to navigate uncertainties and promote long-term sustainability (Alam, 2023).

o  Fintech-Driven Sustainable Development Goals (SDGs): Fintech in the forest-
based industry can be strategically aligned with the United Nations’ Sustainable Development
Goals (SDGs). Through innovative financial instruments, technology-driven conservation
initiatives, and community engagement platforms, fintech can contribute to achieving SDGs
related to environmental conservation, poverty alleviation, and responsible consumption
(Harisch, 2015).

Overall, the opportunities and future trends in the forest-based industry shaped by
fintech are expansive and transformative. As the industry embraces emerging technologies,
sustainable finance models, enhanced collaboration, and addresses global challenges, it
positions itself at the forefront of innovation and sustainability. By leveraging these
opportunities, the forest-based industry can not only optimize its operations but also contribute
significantly to global environmental and social goals.

4. CONCLUSION: NAVIGATING THE FINTECH LANDSCAPE
IN THE FOREST-BASED INDUSTRY

This exploration of the intersection between fintech and the forest-based industry
reveals a transformative potential to redefine operations, sustainability practices, and economic
dynamics. Fintech’s transformative power is through enhanced transparency, efficiency, and
sustainability, from blockchain combating illegal logging to Al-driven precision forestry
optimizing resource allocation. However, challenges, including technological complexities,
regulatory considerations, economic risks, and environmental impact concerns, necessitate
strategic approaches and a commitment to responsible practices.

Looking ahead, research must focus on the evolving landscape of fintech in the forest-
based industry. Studies addressing the dynamic interplay of technological advancements,
regulatory frameworks, and industry-specific needs are essential. The role of fintech in
promoting biodiversity, mitigating climate change, and achieving sustainable development
goals warrants further exploration.

Additionally, longitudinal studies tracking the implementation and impact of fintech
solutions over time will provide valuable insights into the scalability and long-term sustainability
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of these innovations. Comparative analyses of fintech integration across diverse forestry
contexts and regions will contribute to the understanding of the contextual factors influencing
success.

Overall, the integration of fintech in the forest-based industry is a journey marked by

both promise and complexity. As the industry embarks on this transformative path, a
commitment to collaboration, responsible practices, and ongoing research will be instrumental
in realizing the full potential of fintech to foster sustainability, resilience, and innovation within
the forest-based sector.
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EXPLORING THE IMPACT OF LOGISTICS ON SUSTAINABLE
PRACTICES IN THE FORESTRY SECTOR

Marieta Stefanova, Antoaneta Stoyanova

Abstract: Over the past decades, there has been an increasing interest in sustainable practices and
greenhouse gas emissions (GHG) in all economic sectors. Nevertheless, there are no detailed studies
on the relationship between the application of sustainable practices in logistics that serves the forestry
sector and the actual planning and implementation of those practices. This study will contribute to filling
this gap in scientific literature by analysing the relationships and the practices implemented by 56
representatives of the senior management staff in logistics companies based in Bulgaria that also offer
logistics services for the forestry sector. The objective of the study is to examine the method in which
logistics companies related to the forestry sector adopt and apply sustainable practices and to analyse
their perspective and attitude with respect to the issues of sustainability. For fulfilling this objective, the
Multiple Correspondence Analysis (MCA) method has been used, which allows analysis of the
relationships between the different categories of responses to the questions asked to survey participants.
The results from the survey emphasise the positive attitude toward sustainable practices and their
potential to improve the business related to the need of wider application of the sustainability reporting
practices among logistics companies that provide services to the forestry sector.

Keywords: logistics, forestry sector, sustainability

1. INTRODUCTION

The issues of sustainability and environmental responsibility in the logistics sector are
subject to active scientific research and discussions (Dimitrakieva et al., 2022; Gancheva,
2021; Kirechev, 2017; Kirecheva, 2022; Luhas, 2022; Paulikova and Chovancova, 2022). Many
research sources present analyses, data and recommendations on the adoption and
implementation of sustainable practices in logistics and also consider their impact on the
business and the environment (Kalinova, 2023; Kanev, 2018; Mednikarov et al., 2019; Narleva
etal., 2023; Palander and Vesa, 2022). One of the key directions of the research is analysis of
the impact of logistics on environmental sustainability and conservation of natural resources
(Vienazindiené et al., 2021). There are specialised scientific articles that discuss different
aspects of logistics, including transport operations, storage (Deckert, 2020) and supply chain
management, (Letunovska et al., 2023) and the level of impact from the environmental
consequences. Most studies focus on the reduction of greenhouse gas emissions and on
optimisation of transportation routes by introducing alternative and low-emission technologies
and solutions. Different opportunities and benefits from the application of sustainable practices
in logistics have been identified for the business in different sectors (Bakalova, 2023), including
the forestry sector (Palander and Vesa, 2022). The scientific sources that provide an overview
of different sustainable practices in the logistics sector have been shared, some of which are
routes optimisation, use of low-emission transportation vehicles, recycling and reduction of
waste, use of renewable energy sources and cooperation with suppliers that adhere to
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sustainable standards (Dimitrakiev et al., 2020; Dimitrakieva et al., 2023, 2022; Yotsov et al.,
2017). Certain limited scientific research sources study the attitudes and level of application of
sustainable practices by logistics companies serving the forestry sector. Logistics has the
potential for positive impact and could contribute to minimising the adverse impact on the
environment and to improving the business processes by its role to connect manufacturers,
suppliers and final consumers.

The objective of the study is to examine the method in which logistics companies related
to the forestry sector plan and apply sustainable practices by analysing their perspective and
attitude with respect to the current issues related to sustainability.

2. METHODOLOGY FOR STUDYING THE IMPACT OF SUSTAINABLE PRACTICES
IN THE FORESTRY SECTOR

Multiple Correspondence Analysis (MCA) has been used for this study as a suitable
statistical method for analysis Software for Excel XLSTAT (Lumivero, 2024) of data related to
categorical variables in the specific context of our study about sustainability in the forestry
sector. The application of MCA allows identification and proper demonstration of the complex
interactions and dependencies between the different categories of responses. The MCA
analysis provides us with suitable information that can be used for taking informed decisions
and for development of strategies for more sustainable management of processes in logistics.
To examine the impact of sustainable practices on the forestry sector, we created a
questionnaire designed to collect information from managers of logistics companies dealing
with transportation of wood, wood processing materials and forestry products.

The questions included in the survey were as follows:

1. Do you think the application of sustainable practices in logistics contributes to the
positive development of the business in the forestry sector? Possible answers: Yes, No

2. Does your logistics company apply practices for routes optimisation in order to reduce
carbon leakage? Possible answers: Yes, No, Undecided

3. Please, mark the level of application of sustainable practices in your logistics company
by indicating your preferences from 1 (the lowest level) to 5 (the highest level).

4. Does your logistics company actively apply practices to reduce waste from its
operations? Possible answers: Yes, No, Undecided

5. Do you actively monitor your emissions, do you regularly fill out all GHG emission
reports (Scope 1, 2 and 3) and do you actively monitor your emissions and your sustainability?
Possible answers: Yes, No, Undecided

The analysis of the responses to these questions is expected to demonstrate whether
logistics companies in the forestry sector adopt and apply sustainable practices and what their
impact on the business processes is.

3. RESULTS

Sustainability turns out to be a critical consideration in economics and the logistics sector
plays a key role there because of the significant impact on the environment. Climate change
concerns and the depletion of resources become increasingly relevant and enterprises face a
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growing pressure to adopt sustainable practices. The forestry sector is closely linked to logistics
due to the need of transportation of timber and related products, and understanding the
perspectives and actions of logistics companies related to sustainability is of key importance
for the assessment of their influence on the industry.

The analysis of the results from the responses to question 1 shows that there is
significant agreement among survey participants about the positive contribution of the
implementation of sustainable practices in logistics to the development of the business in the
forestry sector. Approximately 66% of survey participants clearly support this idea and believe
that sustainable practices have a favourable effect. At the same time, 11% have responded
negatively and 23% have stated they are undecided or do not have clarity on this aspect. Based
on the results derived from the analysis, it can be concluded that the majority of players in this
industry believe in the positive contribution of sustainability to the business.

The analysis of the results from question 2 shows that a small percentage of the
respondents (12.5%) apply practices for optimisation of the routes in their logistics company in
order to reduce carbon leakage, whereas the majority of them (87.5%) do not apply such
practices. The demonstrated low level of application of route optimisation practices shows the
potential for improvement and investment in modern technologies and methods that would help
reduce emissions generated from vehicles. Therefore, the opportunities for implementation of
route optimisation practices in the sector can be considered as part of a strategical approach
to sustainability and environmental responsibility.

The analysis of the responses given to the third question shows that implementation of
sustainable practices is relatively widespread. The survey shows that the most common
preferences regarding the level of implementation are scores from 4 to 3, which are given by
the following percentage of respondents: 30.36% have given a score of 4 and 28.57% have
given a score of 3. The average score is approximately 2.964, which implies that the majority
of companies have made moderate efforts for implementation of sustainable practices in their
operations. This result demonstrates the commitment of logistics companies to implement more
sustainable and more environmentally friendly processes. Nevertheless, there are also
differences among the responses with higher or lower scores, which demonstrates the
variations in the strategies and the commitment to sustainability and protection of the
environment. The analysis of the responses given to the fourth question about the active
implementation of practices to reduce waste from operations shows that only 12 out of 56
respondents have answered “yes”, while the remaining 44 responses are negative. This means
that only 21.43% of the respondents have implemented practices to decrease waste from
operations, while 78.57% have not implemented such practices. This result demonstrates the
different level of implementation of strategies or challenges companies are faced with when
introducing such practices. The implementation of practices to reduce waste from operations
can have a positive contribution to sustainability in the business and to the protection of the
environment. The analysis draws our attention to the need of further efforts to stimulate and
support the implementation of such practices in the logistics sector. Regarding question 5
which was about active monitoring of emissions and regular completion of all reports about
greenhouse gas emissions, the responses show that only 8.93% of the respondents are
actively monitoring their emissions and regularly fill out all greenhouse gas emissions reports.
This result shows a significant potential for improvement in the field of monitoring and this would
be of key importance for optimisation of the sustainability of operations in companies.
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The Multiple Correspondence Analysis (MCA) was used to analyse the relationships
between the different variables based on the data obtained and the overall volatility of data is
1.8. The eigenvalues constitute the amount of volatility explained by each dimension
(component) derived in the analysis. Each eigenvalue corresponds to a key component. In this
case, there are 9 eigenvalues (figure 1), where the first one is the largest (0.504), while the
subsequent ones are decreasing. The overall volatility explained by each dimension
(component) and, respectively, the cumulative percentage, shows in more detail how much
volatility is explained cumulatively by adding more components, where in our case the first
dimension F1 explains 28.003% of volatility, etc.
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Figure 1. Eigenvalue corresponds

In the course of the study, test values (variables) have also been identified, which show
the contribution of each category of variables to each dimension (Table 1).

Table 1. Test values (Variables)

Test values (Variables): F1 F2 F3 F4 F5

Positive development of business-No -2,549 | 4,337 | -3,395 | -1,298 | 0,327
Positive development of business-Yes -1,393 | -1,520 | 5,963 | -0,427 | -0,213
Positive development of business-dk 3,847 | -2,100 | -3,813 | 1,636 | -0,046
Route optimization-No -5,314 | -3,090 | -2,999 | -0,838 | 0,763
Route optimization-Yes 5314 | 3,090 | 2,999 | 0,838 | -0,763

Implementation of sustainable practices 1 (lowest) to 5 (highest). -1 | -3,719 | 2,127 | 2,184 | -1,852 | 3,615

( )to 5 ( ). -
Implementation of sustainable practices 1 (lowest) to 5 (highest). -2 | -1,212 | -4,225 | 1,696 | -0,049 | -4,489
Implementation of sustainable practices 1 (lowest) to 5 (highest). -3 | -1,145 | 2,592 | -2,475 | 5,479 | -1,904
Implementation of sustainable practices 1 (lowest) to 5 (highest). -4 | 3,684 | -3,158 | -0,328 | 0,366 | 4,609
Implementation of sustainable practices 1 (lowest) to 5 (highest). -5 | 2,432 | 2,431 | -0,790 | -5,012 | -3,097
Reduce operational waste-No -5,608 | 1,480 | 2,323 | 2,453 | -0,360
Reduce operational waste-Yes 5,608 | -1,480 | -2,323 | -2,453 | 0,360
Monitor your emissions-No -5,771 | -2,396 | -2,272 | -1,784 | -0,122
Monitor your emissions-Yes 5771 | 2,396 | 2,272 | 1,784 | 0,122
Monitor your emissions-No -5,771 | -2,396 | -2,272 | -1,784 | -0,122
Monitor your emissions-Yes 5771 | 2,396 | 2,272 | 1,784 | 0,122

Values displayed in bold are significant at the level alpha=0,05
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The positive values show a positive relationship, while the negative ones demonstrate a
negative relationship. Larger absolute values suggest stronger associations. In the
interpretation of the resulting test values (variables), it is important to pay attention to the
specific values and their relationship to the set variables. For example, if we consider the “Route
optimisation” row, we can notice that when route optimisation is present (“Yes”), all values of
F1 through F5 are positive, where the largest positive value is for F3 (5.314). This may show
that route optimisation is closely related to increased levels of certain aspects of the business
development, such as monitoring of emissions (F3). On the other hand, when the values for
route optimisation (“No”) and the values of F1 through F5 are negative, the most negative value
is for F1 (-5.314). This result shows the opposite situation, where the lack of route optimisation
may be related to decreased development of the business, especially with respect to aspects
such as sustainable practices (F1). Similarly, the other variables have also been analysed and
the interactions between them and the specific aspects of business development have been
studied. The conclusion drawn from the results obtained is that the values of F1 and F5 are
associated with the implementation of sustainable practices, while F3 is more associated with
monitoring of emissions. In the survey, the values written in bold are significant at level 0.05
alpha, which means that the associations observed are unlikely to have emerged by chance.
Such analyses are recommended for each company that is willing to understand the factors
that have the strongest impact on the development of its business (while at the same time being
significant at level 0.05 alpha) and where it could focus to improve its results.

CONCLUSION

This study provides an analysis of the sustainable practices in the logistics sector with a
specific focus on the impact on the forestry industry. The overall consensus among actors in
this industry regarding the positive effects of sustainability on the development of business is
identified. Even though the benefits have been acknowledged, the actual implementation of
sustainable practices, such as route optimisation to decrease carbon emissions and practices
to reduce waste from operations, is relatively low. In addition, the study has identified the need
to improve monitoring of emissions and exercise further moderate efforts to introduce
sustainability within the logistics sector in the forestry industry.
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FORESIGHT IN TRADITIONAL SECTORS: APPLICATION OF DELPHI
METHOD FOR ANALYSING THE DEVELOPMENT OF INNOVATION
POTENTIAL OF SMES IN FURNITURE AND AGRIBUSINESS SECTOR

Teodora Marinova Georgieva, Daniela Ventsislavova Georgieva

Abstract: Agribusiness (agriculture and related value chain activities) is key to the development of a
national economy. Technological innovations play a decisive role in the development of the agricultural
sector. The success of the implementation of new technologies and the use of their full capacity depends
on many factors, the main one of which is the innovation potential of economic entities operating within
agribusiness. Innovation potential is determined by the understanding of the importance of innovation,
the readiness to implement innovation, the available innovation capacity, and the innovation
development practices applied by economic entities (natural and legal entities). The report's purpose is
to approve the application of the Delphi method for predicting the development of the innovation potential
of economic entities working in agriculture, the forestry sector and the furniture industry.

Keywords: Foresight, Innovation potential, Delphi method, Agribusiness, furniture industry

1. INTRODUCTION

Innovation is one of the most recognizable factors for economic growth and
competitiveness (Porter, 1990; Fagerberg et al., 2010). Innovations are sector-specific — such
as content, development and implementation process, determinants, and visible and invisible
effects. The engines for the success of innovation projects are different, as are the policies that
influence, initiate, predetermine, and direct them. This is the reason why the assessment of the
innovation potential at the national level logically goes down one level - to its sectoral
characteristics. Sectoral differentiation reveals how participants in technological chains and
sectoral innovation systems interact in the process of creation, integration and implementation
of technological, organizational and marketing innovations. Analyses of sectoral innovation
systems in the field of agriculture and furniture industry provide evidence of the essence and
importance of the innovation activity of the companies included in them and thus support the
creation of sector-based innovation-oriented policies and measures with a real effect on the
economy (Improving Innovation Indicators, 2019; Fadhil et al., 2017; Renwick et al., 2014; Leo
et al., 2022). Backwards and forward participation of manufacturing companies (in the field of
furniture industry and agribusiness for example) in global value chains contributes to enhancing
the productivity of countries engaged in such chains (Urata and Baek, 2020). It is suggested to
spur productivity growth through various mechanisms such as accessing imported inputs,
benefiting from knowledge transfers from multinational corporations, and experiencing
competitive pressures from global markets (Criscuolo and Timmis, 2017). GVCs allow
multinational corporations (including in the field of furniture industry and agribusiness) to involve
suppliers and collaborators from developing and emerging markets to reduce production
expenses and sell goods in advanced economies to maximize profits. However, the
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participation of Bulgarian companies in such chains is of low level due to the risks and shocks
throughout the GVCs (Georgieva, 2023).

For the objectives of the present report, the innovation potential is described as the
understanding of the importance of innovation, the readiness to implement innovation, the
available innovation capacity, and the innovation development practices applied by economic
entities (natural and legal furniture and agribusiness entities), which can be distinguished based
on geographical, sectoral or another sign. Innovation potential also depends on the regulatory
and economic environment and on how economic entities position themselves in relation to it.
For forecasting the impact of GVCs on the companies’ innovation potential, we proved the
application of the Delphi method as a reliable instrument based on expert opinion. The results
achieved will be further complemented with data generated through other quantitative and
qualitative tools.

2. SURVEY METHODOLOGY, RESULTS AND DISCUSSIONS
2.1. Methodology

The Delphi method is most often used to obtain information from a group of experts
belonging to different stakeholder groups (usually based on the "quadruple helix" model —
policymakers, business representatives, researchers and representatives of civil society). The
information collected usually consists of the opinions of experts on a predetermined topic
(Diamond et al., 2014). The Delphi survey is divided into several rounds or stages of data
collection. In the past, the Delphi method was used to make predictions, but now it is mainly
applied to reach consensus among experts on complex topics. As a rule, the first round is used
to gather ideas, suggestions and opinions of the participating experts. To this end, questions
are usually open-ended and allow participants to express their opinions in their own words. For
this reason, the first round is always the most difficult and requires a significant amount of time
and effort from the participants. This inevitably leads to some dropping out of participants and
their number always decreases in the second (and third) round. The answers given by the
participants in the first round are analysed, arranged and summarized in statements. In the
second round, experts are asked to express their agreement with these statements. Their
answers are again analysed and presented to the participants in the third round in the form of
feedback. The participants are then asked to re-evaluate their answers, taking into account the
answers of the other participants in the discussion. This standard methodology was adapted
and slightly modified in the present study.

2.2. Research results and discussion

Data collection in the first round took place between 3 and 24 April 2023. The online
questionnaire consisted of open and closed questions. They included five demographic
questions (age, gender, education, region and professional field) and three thematic sections,
each with five questions. The purpose of the first section was to analyse the vision of the experts
from the furniture industry and agribusiness regarding the essence of the GVC, as well as the
impact of participation in similar chains on the economic development of the regions in which
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the enterprises participating in the GVC carry out economic activity. Through the questions
included in the second section, opinions were sought from the experts regarding the criteria for
evaluating the capabilities of furniture and agribusiness firms in global value-added chains to
develop their innovative potential. The innovative potential of companies is seen as a driver for
their competitiveness and upward development in global chains, as well as a result of their
effective participation in them. In this group of questions, question 7 deserves attention: How
does the participation of enterprises in GVC affect their innovation potential? and question 13:
How can sharing responsibility with other actors in the chain contribute to increasing innovation
potential? The experts' proposed answers are presented in Figures 1 and 2. For question 7, 14
statements were formed based on 66 responses from the first round.

Increases of the financial resources (own..
Improves the infrastructure and enabling..
Firms can conquer new markets
Provides access to customers at various..
Promotes the business policy of..
Promotes research and development,..
Enables technology import/transfer,..
Leads to the development of their staff..
Opens up new horizons and new..
Encourages updating of internal policies..
Motivates sharing of technological and..
Stimulates drive to provide competitive..
Enables access to good practices, access to..

Stimulates the development of the..

o
N

4 6 8 10

Figure 1. Proposed statements after the first Delphi round on question 7: How does the
participation of enterprises in GVC affect their innovation potential?

The experts unanimously approved all 14 in the second stage. Faced with the difficult task
of determining the top five in the final round of the survey, the experts split their votes fairly
evenly, with only two of the statements garnering greater support (half of the experts). These
are:

1. The participation of enterprises in GVC gives them the opportunity to access good
practices, access to innovations, borrow experience and obtain know-how.

2. Participation in GVC stimulates the development of the innovative potential of
companies through the need to solve non-traditional problems in the process of interaction with
foreign partners.

3. For athird of the participants (6), the most important ways in which the participation
of enterprises in GVC affects their innovation potential are the following:

4. Participation in GVC stimulates the aspiration to provide competitive
products/services.

5. Participation in GVC opens up new horizons and new partnerships.
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6. Participation in GVC enables the import/itransfer of technology, innovation
exchange, technology sharing, knowledge exchange and dissemination of established
practices.
The differences between the arrangement in the second and third rounds are minimal.
For question 13, 37 responses were received and based on them, 12 statements were
proposed to the experts in the second round. They accepted 9 of them and rejected the other
three. At the final stage, the experts' votes were fairly evenly distributed. One statement was
selected by half (9) of the experts, three statements received 7 votes each, two were nominated
by six experts, and the remaining three received 4 votes each.
1. Sharing means the exchange of innovations, knowledge and technologies between
the participants in the chain.
2. The mutual search for adequate solutions to reduce the risk of liability.
3. Through technology transfer between global and local companies.
4. By combining efforts for greater efficiency.

Support for small actors in the chain to meet. . I
Everyone in the chain will put more effort. . I
Joining efforts for high efficiency I
Sharing of responsibility can generate more. . I
By minimizing risks I
Through technology transfer between global. . I
It can have a positive effect if each. . I
Sharing means the exchange of innovation. .
I

The mutual search for adequate solutions to..

Figure 2. Proposed statements after the first Delphi round on question 13: How can sharing
responsibility with other actors in the chain contribute to increasing innovation potential?

The opinion that sharing responsibility goes hand in hand with the exchange of innovation,
knowledge and technology, which increases the innovation potential of all actors in the chain,
took the highest position in both the second and third rounds. The rest of the statements change
their positions but without drastic shifts in the arrangement.

The third section aimed to outline the experts' opinions on European and national policies
— their role, implementation and effectiveness — to build the autonomy of the European market
from foreign markets and suppliers. The responses received were analysed. Those with similar
meanings were merged, some were slightly edited, and others remained unchanged. A total of
600 different answers were received to the 15 questions. After their analysis and
summarization, 200 statements were formed, which were included in the questionnaire for the
second round. Data collection for the second round took place between 1 and 17 June 2023.
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Table 1. Results after the first Delphi round

Queston | 1 | 2 | 3| 4|5 |6 |7|8|9|10|11]|12]|13]| 14|15

No of
answers

22 | 16 | 12 | 53 | 44 | 20 |66 | 48 | 35 | 60 | 58 | 55 | 37 | 41 | 33

Statements | 8 15 | 11 ] 16 | 12 7 1141412120 | 18| 14| 12| 14 | 13

The online questionnaire included only closed questions. The second part of the study
was based on the results of the first round and aimed at reaching an agreement between the
experts on the dimensions of the impact of the activity of global value-added chains on the
Bulgarian companies included in them, as well as on the competitiveness of the regions where
these are located companies. The questionnaire was again divided into four sections — one
demographic and three thematic, each with five questions. For each of the questions in the
three thematic sections, a different number of statements (answers) were proposed. The
experts expressed their agreement/disagreement with these statements, indicating one
possible answer for each of them (Strongly agree/agree; Rather agree/agree; Neutral/neutral;
Rather disagree/disagree; Strongly disagree/disagree). Agreement was not sought for three of
the questions, but instead, the experts were asked to select the five answers they felt were
most important. The purpose of the Delphi study was to reach agreement (consensus) among
the experts on the stated statements. Consensus was defined as the percentage of
agreement—specifically, consensus was reached if 75% or more of the experts responded that
they strongly agreed or rather agreed with the given statement.

Table 2. Results after the second Delphi round
Queston |1 2|3 |4 |5|6|7 |89 |10[11]12|13|14 |15

No of
answers

8165|1116 |12 |7 (14|14 (12|20 |18 |14 |12 |14 |13

Statements | 5 | * *19 16 |6(14 (13112 * |18]12] 9 |13 | 1

*in this question, agreement with the statement was not sought, but a selection of the
most important statements according to experts
Experts agreed with 118 statements.

Data collection for the third round took place between 11 July and 3 August 2023. As in
the second round, the third included only closed-ended questions. The experts were asked to
indicate those statements which, in their opinion, are the most important or which best describe
the impact of the activity of global value-added chains on the Bulgarian companies included in
them, as well as on the competitiveness of the regions where these are located companies.
Since such a ranking had already been done for three questions in the second round, there
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was no point in repeating them and the third questionnaire included only 12 questions. These
12 questions were identical to those in the second round, but participants only chose between
the answers (statements) that received over 75% support (agreement) in the second round.
Since in the last (15th) question of the second round, only one of the answers passed the 75%
agreement threshold, an exception was made for this question and in the third round all
answers with at least 65% agreement were added (7 statements in total).

3. CONCLUSIONS AND PRACTICAL IMPLICATIONS

The Delphi method is an interview method with different steps, that has to be performed
in written form by experts of different departments Thereby the experts are asked about defined
events in future or about upcoming trends. The procedure is based on the individual and
intuitive evaluation of experts. The experience gained after the completion of the exercise
shows that the key success factors for the Delphi method application are as follows:

e Careful choice of experts of different interrelated fields, who are qualified to make
professional evaluations;

o The willingness of the experts for participation during the whole procedure has to be
ensured in the run-up;

o A questionnaire has to be prepared, which contains the relevant content and which can
be answered by professionals with different backgrounds.

The experts participating in the Delphi survey recognize that engagement in GVCs
enhances regional competitiveness and fosters innovation potential of furniture and agriculture
companies. They unanimously acknowledge the opportunity companies to access best
practices, innovation, experiential learning, and knowledge acquisition. A crucial measure for
assessing the potential or capacity for upgrading within global value chains is the innovation
undertaken by furniture and agribusiness companies, focusing specifically on collaborative
projects for product and process improvement. Although companies and representatives of the
regions and government institutions may differently perceive GVCs management and hence
employ various strategies to tackle them, there are shared risks that are best mitigated through
coordinated efforts. Such actions are already under consideration by OECD and other
organizations. They are primarily focused on identifying the spectrum of possible threats,
mapping both local and international participants engaged in critical chains, prioritizing the
transport of essential goods, streamlining procedures for essential activities, facilitating
investment and operational permits, and extending certification processes to promote
production, etc. Such strategies will impact both the furniture industry and agriculture. Hence
more analyzes on that matter are needed.

Acknowledgements: The paper presents data from Project ,Sectoral Innovation scoreboard:
Development of a methodology for a complex assessment of the innovation potential at the
sector and company level in the field of agribusiness” financed by the National Science Fund,
contract No KI1-06 -H75/8 from 07.12.2023.
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Al IN FORESTRY - A COST-BENEFIT ANALYSIS

Maya lvanova

Abstract: Technologies and Al have proliferated in almost every sector, including the forestry industry.
The current paper explores the application of Al along the entire supply chain of forestry and makes a
detailed cost-benefit analysis. The study steps on secondary sources and literature research but also
examines valuable examples of real cases and companies that belong to the forest sector and apply Al
in their business. The cost-benefit analysis encompasses each level of the supply chain and provides
the perspectives of all involved stakeholders.

Keywords: Al, forestry

1. INTRODUCTION

Forestry science primarily focuses on two main areas corresponding to the wood supply
chain's segments (D’Amours et al, 2008): 1) forest management, harvesting, storage and
transportation, and 2) processing, production, distribution and sales of wooden products
(D’Amours et al, 2008). The latter, being more aligned with industrial processes, extensively
incorporates high technologies, including artificial intelligence (Al), as documented in numerous
studies (Molinaro & Orzes, 2022). In contrast, the former segment, characterized by its reliance
on human decision-making and manual labour, has seen less emphasis on technology and Al
applications. Therefore, this paper aims to highlight the main applications of Al in the forestry
industry, particularly related to forest management, harvesting, storage and transportation. It
will also provide a cost-benefit analysis to underpin further research and support decision-
makers.

Following an overview of the forestry supply chain, the paper will define Al and its role in
forestry, together with particular examples. It will finish with a deeper cost-benefit analysis to
outline the main challenges and opportunities.

2. FORESTRY INDUSTRY SUPPLY CHAIN

Forestry is the science of planting and taking care of large areas of trees (Cambridge
Dictionary, https:/dictionary.cambridge.org/dictionary/english/forestry). In terms of economy,
this is the industry managing extensive tree populations and is vital for both wood production
and ecological balance. In this regard, the forestry industry covers the first levels of the wood
supply chain, that is encompassing all processes of maintenance of wood resources and
converting them into raw wooden material, i.e. Forest management and protection, Harvesting,
and Storage and transportation (see Fig. 1).

Forest management is the ground stage, which includes activities for general
maintenance of the forests, thus guaranteeing high-quality resources for the subsequent stages
(D’Amours et al, 2008), as well as the sustainable long-term performance of the forests as eco-
systems. Those activities comprise estimation of the biomass and potential for future use, data
collection of forest attributes like wood species, other flora and fauna representatives, age, soil,
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plantation management, and overall evaluation and analysis of the forest. Forest protection
plays a major part in forest management (Molinaro & Orzes, 2022), because of its direct links
to sustainable management and data analysis. Detection and ability to forecast fires or other
force majeure situations (e.g. insects or diseases on the trees) are processes, related both to
environmental science and the wood industry.

The next level of the forestry supply chain is Harvesting — a fundamental process, which
extracts the raw material to start its journey along the rest production stages (Zhang et al,
2020). The provision of good quality timber requires precise selection of the most appropriate
trees, felling, debranching and bucking into logs of specific dimensions and types. All those
activities rely heavily on people with specific roles and skills to implement the tasks (D’Amours
et al, 2008). Additionally, the process is time-consuming and is related to physical allocation
and movement.

Finally, Storage and transportation are the link between the forestry part to the
manufactural stages of the wood supply chain, where the raw materials are first identified and
marked, according to their characteristics (species, size, quality, etc.) and later distributed and
delivered to the next level producers (sawmills, pulp production, bioproducts, residues, efc.)
(Zhang et al, 2020). A crucial point in this process is the optimal organization and coordination
among the participants, to ensure a smooth and even delivery, minimise costs and improve
efficiency (Mueller et al, 2019).

torest Management ‘ Harvesting ‘ LStorage and transportation |
— -
 Estimation of bio mass, * Detection of logs * Wood species classification and
e Forest analysis, * Implementation marking
« Biolife monitoring e Coordination and distribution * Storage depots
 Forest protection - Fire or Insects * Transportation and distribution to
detection; Fire forecasts; the next level participants

Detection of illegal logging

Figure 1. Forestry supply chain
3. AIAS A PHENOMENON

In recent years Al has become very popular far beyond the narrow technological
industries. Its ambiguous nature provoked an intense debate on formulating a precise definition.
Artificial intelligence, or Al, is a technology that enables computers and machines to simulate
human intelligence and problem-solving capabilities (IBM, 2023). Since it is often combined
with sensors, robotics, specialized software systems, etc. Al can perform (semi)independently
a lot of tasks, traditionally implemented by people, thus minimising human intervention and
revolutionizing many industries in terms of efficiency and productivity. Al is based on
algorithms, modelled to use neural networks to self-educate in the process of operation. Al has
proliferated largely in different industries in very diverse forms, which made Al a universal
complementary tool for employees. Many Al algorithms encompass enormous sets of data to
enable deeper processing and analysis that would be impossible for humans to do. Generative
Al, on the other side, stepping on natural language processing and large language models can
synthesize text, images, video, software code, and even molecular structures (IBM, 2023).

The rapid development of Al is driven by various factors like quantity and quality of
information and data, collected at any pointin any industry, synergetic use of technologies from
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different types and classes like satellite imagery, video, any type of sensors, raw data of
technical, social and biological metrics.

The forestry industry generates a lot of data along the supply chain, which could be easily
utilized by Al to extract relevant information and improve the sector (Zhang et al, 2020).
Moreover, Al can successfully be used to assist foresters in their traditional activities, e.g.
physically walking through forest terrain to record metrics or collect data from the forest (Peng
& Sadaghiani, 2023).

4. Al APPLICATION ALONG THE FORESTRY SUPPLY CHAIN

Wood is hardly comparable to other resources (e.g. aluminium, plastics, steel, etc.),
because the wood characteristics may differ according to wood species, types, and even within
them (Molinaro & Orzes, 2022). This requires a lot of more specific data to be collected, kept
and utilized within the sector, to select and use the most appropriate chunk of raw wood material
for the relevant product (e.g. lumber, pulp or furniture). The Al applications are based on huge
sets of input data, like forest characteristics, resources, energy, materials and social
components. The synergetic effect of combining the entire raw data, collected along the forestry
supply chain can serve as a source for meaningful and insightful output, derived with the
assistance of Al-based systems (Zhang et al, 2020).

4.1. Forest management

Recent years evidenced the great popularity and use of sensor and imagery technologies
in forestry (Mueller et al, 2019). The constantly collected data allows for further and more
precise analytics and forecasts. Although it was also possible before the Al age, nowadays the
amount of data is enormous and with the assistance of Al, it is possible to translate the
observed objects into forest attributes.

Monitoring forests by drones or cameras with integrated Al (Buchelt et al. 2024) provides
significant data on the forest inventory, which facilitates the estimation of the industrial potential
of the wood (e.g. height, bark volume, biomass, wood density, diameter). The ecological aspect
of Al analysis of the forests (e.g. tree life and mortality predictions, species classification, forest
coverage mapping, forest loss mapping and burned areas estimation) contributes to informed
decision-making and enhanced sustainable approach in forest management (Peng &
Sadaghiani, 2023). Moreover, by using aerial images, Al can make measurements of carbon,
biomass, moisture content, temperature, etc., thus creating a full overview at the forest level.
The latter is especially useful for forest protection from disasters like fires or insects and
diseases (Kinaneva et al, 2019) — Al algorithms can identify certain patterns of images, weather
parameters or sounds detection to alarm about such cases, or even predict their occurrence
(Molinaro & Ordez, 2022). Last, but not least, protection against illegal logging is another benefit
from the Al processing and analysis of images or acoustic sounds.

4.2. Harvesting

The process of selecting, felling, cutting and sorting trees is still implemented manually,
because of the more complex combinations of physical and intellectual activities. Therefore,
human presence in those activities is still mandatory, even with remote control, e.g. robotised
machines can easily approach inaccessible areas, but are always under the full control of a
human operator (Boitsov et al., 2021). Yet, Al could be helpful in terms of organization,
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communication and coordination to improve the efficiency of the harvesting groups and
methods (Proto et al, 2020).

4.3. Storage and transportation

Before delivery to the next-level participants, raw wood material undergoes rough
characteristics estimation like identification of wood species, moisture, pulp properties, knot
detection (Verly Lopes et al, 2020), quality, etc. According to this classification and marking,
the logs are stored and distributed differently. Al algorithms identify much faster the timber and
are even able to propose the most suitable storage depot to keep the timber in the best
conditions, thus saving costs and time (Peng & Sadaghiani, 2023).

Transportation of the raw wood material depends on the various vehicles and possible
routes, so the Al can optimize them both but also consider other factors like speed, weather,
traffic conditions, etc. (Peng & Sadaghiani, 2023).

Many companies already use intensely Al in their operations and share valuable insights
from their experiences and innovative solutions. For instance, ByteLake has developed an Al-
powered method for counting trees using drones, providing accurate and efficient forest
inventory management that greatly reduces the time and manpower traditionally required for
such tasks (URL: https://www.bytelake.com/en/case-studies/case-study-counting-trees-with-
drones). Collective Crunch, on the other hand, leverages Al in its platform to analyze climate
data, soil information, and satellite imagery to offer precise forest analytics, thus enabling better
forest management and carbon footprint monitoring (URL: https://www.collectivecrunch.com/
product). Forestry Al focuses on automating the detection of forest changes and threats, such
as illegal logging or disease outbreaks, by analyzing satellite images with Al algorithms (URL:
https://forestryai.website). Rainforest Connection transforms old smartphones into powerful
guardians of the rainforest; by deploying them as acoustic monitors high in tree canopies, they
can detect and alert authorities to the sounds of illegal logging in real time (URL:
https://rfcx.org). Rezatec applies geospatial Al to provide detailed insights into forest health,
growth patterns, and risk assessment, helping foresters make informed decisions on forest
conservation and resource allocation (URL: https://www.rezatec.com). Each of these examples
underscores the diverse potential of Al in enhancing the sustainability, productivity, and
protection of forest resources globally.

5. COST-BENEFIT ANALYSIS OF Al APPLICATION IN FORESTRY

The technology debate has attracted a lot of enthusiasts and sceptics regarding the
application of Al in forestry. In this regard, it would be much more useful for decision-makers to
weigh the advantages and disadvantages, before making a final choice.

Estimation of the cost and benefits of the Al application in forestry could be explored in
two perspectives — micro and macro context. Micro context represents the potential pros and
cons for the companies and institutions directly dealing with forest management, harvesting,
storage and transportation. These are mostly business-oriented effects, considering the four
functional areas (operations, marketing, finance and HRM). The other analysed perspective
affects the macro level, i.e. the region, country, or the entire sector. In this group, there will be
mostly registered environmental, social, legal, political and technological aspects, which are
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less controllable, but also slower in terms of visibility and aggregated impact. Table 1 presents
the most important points of costs and benefits of the Al application in forestry.

The micro-level benefits and costs affect mostly company performance and personnel,
because of the close correlation between technology and labour costs. The need for skilful and
specially educated employees appears on both micro and macro levels, which is a prerequisite
for long-term planning of the educational and training programmes. In a macro context, the
environmental benefits prevail, ensured by the numerous opportunities for more sustainable
forest management.

While at the company level, the positive impacts of Al are connected with higher efficiency
and productivity, at one point the urge towards maximizing efficiency might disrupt the
ecological balance and biodiversity. Thus, a micro-level activity might have a macro influence.

Table 1. Cost-benefit analysis of Al in forestry at the micro and macro level

Benefits Costs

Micro | v Improved efficiency of forest v" Labour costs for specialized skilful

level | management personnel to operate and maintain the Al
v Improved efficiency of transportation | technologies
and distribution v" Huge initial capital investment
v' Saving labour costs for manual tasks | v Maintenance costs for the Al technologies
v" Distant monitoring, allowing for v Constant need to update and upgrade the
savings on transportation and access to | Al technologies
the forests v’ Less efficiency if applied only partially, or
v Contributes to provision of constant | overlapping with manual processes
quality of the wood v Employee resistance, leading to

undesirable issues (e.g. strikes, leakage of
people, etc.)

Macro | v* Huge environmental positives for v" Use of drone observation may raise

level | sustainable forest management privacy concerns for the communities, living
v" Prevention and early forecast of in those areas
force majeure cases like fires, insects, v" Over-optimization of efficiency leading to
etc. disruption of ecological balance
v’ Less disruption/disturbing of forest v" Need for skilful, educated employees,
flora and fauna (because technologies who can work with Al and other technologies,
operate from a distance, no need for and are still competent in forest management
humans to walk through the forest) v Unemployment, loss of jobs
v" Prevention of illegal felling and
timber traffic

6. CONCLUSION

The integration of Al within the forestry supply chain offers transformative potential,
enhancing sustainability and operational efficiency. A careful consideration of the associated
costs and benefits will be crucial for harnessing Al's full potential in fostering a sustainable and
productive forestry industry, considering also the well-being of the workers in the forestry
industry.

Technologies could be very helpful as complementary tools to humans in their work and
evaluation of the wood. Examination of technology proliferation in the wood industry might delve
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in both directions — along the processes and tasks within them, as well as exploring each
technology feature that would be possible to use in any of the stages of the wood supply chain.
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ACHIEVING INNOVATIVENESS THROUGH PARTICIPATION
IN GLOBAL VALUE CHAINS: VIEWS OF MANAGERS OF
BULGARIAN FURNITURE ENTERPRISES

Daniela Ventsislavova Georgieva

Abstract: Global value chains (GVCs) are a driver of economic transformation and growth of local
economies. They are a channel for the dissemination of technological knowledge, entrepreneurial culture
and innovation capacity. Global leaders can create opportunities for local producers to improve their
position in the supply chain. A large part of Bulgarian enterprises do not participate in such chains.
Presently, with Western markets experiencing stagnation, anticipations arise for disruptions within the
Bulgarian furniture industry, likely to exert a substantial impact on the GVCs and hence on their
innovativeness. The paper aims to outline the current state, trends and challenges ahead of the Bulgarian
furniture enterprises, related to achieving innovativeness through participation in GVCs. It is done
through a survey of managerial vision and opinion related to achieving innovativeness through
participation in such chains. Data from online questionaries distributed among managers of Bulgarian
furniture companies between November 2023 and February 2024 is presented. The study of statistical
relationships and dependencies is based on the Chi-square test with the program IBM — SPSS Statistics.
The study supports the literature concerning the involvement of furniture companies in GVCs.
Keywords: global value chain, innovation, furniture enterprises, questionaries

1. INTRODUCTION

The companies engaged in global trade and manufacturing are progressively developing
through participation in GVCs. These chains encompass all the tasks undertaken by companies
and employees to take a product from its inception through production to its utilization and
eventual disposal (Gereffi & Fernandez-Stark, 2011). Criscuolo and Timmis (2017) argue that
participation in GVCs benefits companies by focusing on specialization in the core business
activities and offshoring of other activities. This approach involves importing foreign products
that are either lower in cost or of superior quality, generating competitive influences within
domestic markets, and fostering knowledge diffusion facilitated by multinational corporations
(MNCs). Advancements in technology, cost factors, resource and market accessibility, as well
as trade policies, contribute to the geographical division of production processes globally based
on the competitive advantages of specific locations. This worldwide fragmentation of production
is a significant driver of efficiency and enhances the competitiveness of businesses. The
ongoing advancement and innovation within the value chain have become essential due to the
broadening array of product categories. This is a direct result of the escalating intensity of global
competition, the shortened lifespan of products, and the emergence of entry barriers in certain
industries. Through innovations, companies can strategically position themselves, gaining both
pricing and competitive advantages within a particular chain or network. Value creation is not
confined solely to "high-end" activities such as design or branding but it can occur at any stage
within the chain (Abonyi, G., 2006, p. 16-21). The furniture industry represents a global
business characterized by an extensive and intricate value chain consisting of numerous
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consecutive phases. Each phase of value-adding requires supporting products and services
(Epede & Wang, 2022). Tasks within the furniture value chain range from production activities,
which are adaptable and can be executed anywhere by any participant in the chain, to retailing
activities, which, in contrast, are restricted and can only occur within the country of the ultimate
target market (Kaplinsky et al., 2003). The global furniture industry is experiencing heightened
global competition, marked by numerous middle-income countries ascending to stronger
competitive positions. High-income countries, which previously held dominance in this sector,
are encountering challenges in sustaining their competitive edge. The primary challenge facing
companies involved in the global furniture market is imperative to consistently enhance their
capabilities by transitioning towards higher value-added activities (Epede & Wang, 2022).
Bulgarian furniture firms have yet to fully capitalize on global value chains as a primary catalyst
for innovation. Their involvement in the GVC remains limited and largely revolves around
collaborating with foreign material suppliers (Georgieva et al., 2023).

The main author hypothesizes is that there are no sufficient managerial practices in terms
of participation in GVCs by Bulgarian furniture enterprises due to (1) a lack of understanding of
the benefits for the company’s competitiveness and (2) fear of being dependent on MNCs. The
primary purpose of the paper is to study the managerial point of view related to the risks and
benefits of the participation of Bulgarian furniture enterprises in GVCs and the development of
innovation and innovation collaboration with external stakeholders as factors for participating
in such chains. Subject under analysis are furniture companies’ managers who have worked at
the firm for at least 2 years and have an understanding of innovation and GVCs participation.
The applied research methods are based on the logical, deductive and comparative methods,
content analysis and synthesis of specialized literature texts. Data from an author's
questionnaire survey conducted among furniture companies in Bulgaria reveals that they do
not dependent on GVCs for achieving innovativeness even though they see it as a factor for
new partnerships, transfer of knowledge and cost reduction.

2. LITERATURE REVIEW AND HYPOTHESIS DEVELOPMENT

GVCs have three dimensions: (1) structure of input-output flows; (2) territorial (spatial)
dispersion; (3) management structure. Without belittling the importance of the three structures
an object of further analysis is the managerial dimension in which three main types of GVCs
can be outlined - production-related; customer-driven and multi-polar (Abonyi, G., 2006, p. 11-
12). In the furniture industry, the value chain is buyer-driven. This signifies that major retailers,
marketers, and manufacturers hold crucial positions in establishing decentralized production
networks. Consequently, their influence significantly shapes the enhancement patterns of other
participants involved in the chain (Epede & Wang, 2022). Having a capacity for innovation is
important for enhanced involvement in the GVCs, which contributes to economic development
(Fagerberg et al., 2018). Outsourcing certain production activities fosters innovation
development, enabling leading firms to streamline costs and allocate more resources to R&D
(Vivek et al., 2009). Consequently, companies gain access to new knowledge, concepts, and
technology transfers, fostering innovation. Due to the pressures of globalization, national and
regional economies are directing efforts towards enhancing their competitive positions within
the GVC by prioritizing investments in scientific research and innovation. Companies within the
furniture industry are required to make substantial investments in capital, technology, and
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human resources to manage diverse production stages effectively. Continuous adaptation to
evolving consumer trends necessitates ongoing innovation efforts, consuming significant
resources in the process (Phuoc et al., 2023, p. 3). Therefore, a subject to analysis is the impact
of the GVCs' participation in Bulgarian furniture companies over their innovativeness. To
address this goal, the following hypothesis is formulated: (H1) There is a statistically significant
relationship between participation in GVCs and the development of innovation with higher
added value. The furniture industry holds substantial potential for innovation growth, particularly
through network participation and collaboration with other stakeholders which allows firms to
foster innovation (Hatzichronoglou, T., 1997). Collaboration with entities within the surrounding
business environment can improve the innovativeness of the industry by offering better
fundamental research, skilled human resources, facilitating knowledge transfer, and conducting
training programs. These elements collectively contribute to the development and growth of the
furniture sector (Beer, P., 2013 cited in Ratajczak-Mrozek & Herbe¢, 2014). Considering this
the second hypothesis is as follows: (H2) There is a statistical relationship between the
innovation collaboration of the furniture enterprises with other stakeholders and the
participation in GVCs.

For small businesses situated in less developed countries, like Bulgaria, engaging in
GVCs serves as a method to acquire insights into the demands of global markets and facilitates
entry into them (Pietrobelli & Rabellotti, 2006, p.9). GVCs' participation provides access to
imported products, diffusion of knowledge and positive effects of global competition (Criscuolo
& Timmis, 2017), positive effects on employment (Lopez-Gonzalez, 2016), and increasing
sectoral added value (Kummritz et al. 2017). GVCs offer new prospects for smaller firms in
developing and emerging market economies as companies are not compelled to manage
independently every stage of the production processes to engage in the global economy and
hence they do not need to oversee all the complexities of the production chain. According to
Humphrey and Schmitz (2002), companies engaging in GVCs can create process innovation
which reduces the cost of manufacturing by enhancing efficiency in converting inputs and
resources into the final output. Firms can develop product innovation with higher quality, which
can benefit their market positioning. By developing organizational innovations furniture
companies can improve their organizational structures or processes to enhance the value
derived from human labor, potentially increasing productivity or effectiveness. Engaging in
GVCs enables companies to diversify their product portfolio by entering into intensive and high-
tech industries, broadening their range of offerings and market presence. Rodrik (2013)
contends that firms engaged in GVCs tend to excel in assimilating advanced technologies but
might not experience the same level of success in labor recruitment. In contrast, Baldwin (2014)
suggests that GVCs enable access to global markets for manufactured goods, initially leading
to a rapid boost in productivity and employment. However, it may underestimate
industrialization and capacity building which in the long term, might lead to development
stagnation. The Bulgarian furniture industry relies on exports, making it susceptible to
disruptions in external markets. Hence, some risks related to GVCs participation can affect the
managerial decision of such participation. A drawback of participating in GVCs, in contrast to
the local value chains, is the augmented expenses which stem from higher transportation
expenses, extended delivery durations, increased intricacy, and a propensity for further
amplifying operational expenses, especially for distant destinations (Strange, R., 2020). Gereffi
(2013, p. 10) emphasizes that export-oriented industrialization does not guarantee a successful
economic development. Hence, the sectors that are relatively productive and integrated into
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GVCs often do not contribute significantly to the local economy. The spillover effects, or the
positive externalities and impacts on other local sectors, tend to be minimal. Moreover, there
exist structural tensions between the central company (focal firm) and the networks of supplier
firms within these chains. This can lead to imbalances that are disadvantageous, particularly
towards the lower-value-added segments of the chain (Kano et al, 2020).

3. SURVEY METHODOLOGY, RESULTS AND DISCUSSIONS

An online survey among managers of Bulgarian furniture enterprises was conducted,
covering the period November 2023 - February 2024. The final questionnaire was filled in by
106 respondents and it consisted of 3 main groups of questions: (1) socio-demographic
questions; (2) questions related to the innovativeness of the company and its added value; (3)
questions related to GVCs participation and cooperation with external stakeholders. The main
goal of the survey is to address the above hypotheses as well as to outline the risks and
opportunities to achieve innovativeness through GVCs participation from the managerial point
of view. IBM — SPSS Statistics, ver. 19 is used to analyze the collected data. The study of
statistical relationships and dependencies is based on the Chi-square test. From a socio-
demographic point of view around 42% of the respondents are founders and the rest are
representatives of the management departments of the furniture enterprises. 83% are
presenting companies that operated in cities while 17% are from small villages. The main
market for 2.8% of the enterprises is local (no more than 30 km from their factories), 68% sell
only in the territory of the country while 29,2% are focused in the international market as well.
From those selling abroad primarily targeted markets are Germany (38,7%); Romania (18,7%);
France (9,7%); Greece, Italy and Austria (6,5%). The majority of the surveyed managers see
participation in GVCs as leading to positive effects such as the use of cheaper resources
(17,9%); conquering new markets (12,3%); new partnerships (12,3%); exchange of knowledge
and dissemination of established practices (11,3%); sharing technological and other
innovations (9,4%) and access to customers (9,4%). Still, only 34,9% consider that their
company participate in GVCs. Around 95% of the surveyed companies have introduced new
or improved products or services during the last 12 months before the survey. However, only
15% of them have developed those innovations in collaboration with external stakeholders.
Even though the rest claim that they have developed the innovation by themselves only 17%
state that the company have an R&D department. In those departments, the majority of the
employed personnel (33,3%) is up to 2 staff members. Around 20% claim that they have R&D
expenses of which around 32% report them to the National Statistical Institute. The main
obstacles to the development of innovation were stated to be: high economic risk and instability
(20%); high costs for R&D (17%); lack of sources of funding (13%); lack of qualified staff (10%);
presence of undertakings dominating the market (5%); lack of information about the markets
(6%); Lack of specific regulatory framework for promoting innovation (4%). 70,8% of the
respondents do not think that participation in GVCs can lead to the development of innovation
with higher added value to the company. However, when testing the author’'s hypothesis and
based on the analysis of the collected data (see Table 1) it is confirmed the existence of a weak
statistical relationship between participation in GVCs and the development of innovation with
higher added value. All conditions for the Chi-square test application are fulfilled but the
significance level is 0,415, therefore, it is statistically insignificant. Around 69% of the
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respondents claim that they do not have any contracts for innovation collaboration. Of the rest
(31%), around 2% have such contracts with other enterprises from the same industry, 8% - with
enterprises from other industries, 14% - with suppliers, 3% - with multinational corporations,
2% - with research institutions and universities, 2% - with consulting agencies. The calculations
based on the provided data prove a weak (but insignificant) statistical relationship between the
participation in GVCs and the innovation collaboration of the furniture enterprises with other
stakeholders (H2, see Table 1).

Table 1. Chi-square tests and Symmetric measures data

Hypothesis Pearson Chi- Level of Degree of | Asymp. Sig. | Cramer'sV | Approx.
Square value | significance | freedom (2-sided) value Sig.
(H1) 0,665 a=0.05 n=1 415 ,079 415
(H2) 0,425 a=0.05 n=1 ;515 ,063 ;515

Source: own calculations, n=106.

If we check the level of statistical relationships between the different types of collaboration
that the studied furniture enterprises have and their participation in GVCs, there is evidence of
weak statistical relationship between: (1) innovation collaboration contracts with other
enterprises from the same industry and participation in GVCs (Cramer’s V: 0.189, p<0.05); (2)
the innovation collaboration contracts with enterprises from other industries and participation in
GVCs (Cramer's V: 0.090, p<0.05); (3) innovation collaboration contracts with suppliers and
participation in GVCs (Cramer's V: 0.043, p<0.05); (4) innovation collaboration contracts with
multinational corporations and participation in GVCs (Cramer's V: 0.125, p<0.05); (5)
innovation collaboration contracts with research institutions and universities and participation
in GVCs (Cramer's V: 0.102, p<0.05); and (6) of innovation collaboration contracts with
consulting agencies and participation in GVCs (Cramer's V: 0.010, p<0.05). From all those
cases only for the third one the conditions for the Chi-square test application are fulfilled
meaning that for the other cases, we should be skeptical when accepting statistical
relationships.

4. CONCLUSIONS

The analysis of the collected data from Bulgarian furniture enterprises confirms that there
is a statistical relationship between the participation in GVCs and (1) the development of
innovation with higher added value and (2) the innovation collaboration of the furniture
enterprises with other stakeholders. Still, the majority of the surveyed manager do not consider
GVCs as factors that improve their company’s innovativeness. Even understanding the benefits
of participation in GVCs the managers refrain from such considering the main risks as
dependence on other companies, restriction of freedom of decision-making and delay in
delivery which can negatively affect the R&D and innovation development in furniture
companies. This data supports the studies of Strange, R. (2020). In addition, the surveyed
managers state that Bulgarian enterprises do not know how to manage the risks of GVCs
(24,5%) and hence the managerial practices are influenced by the impact of other participants
(29,2%) or are involved in such chains only if a foreign investor requires it (9,4%). There is a
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lack of managerial understanding of the essence of GVCs (13,2%) and because of the low level
of participation in such chains, the competencies of management teams are limited (3,8%).
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MARKET REQUIREMENTS AND INNOVATIVE PERSPECTIVES
IN THE FURNITURE INDUSTRY

Erika Louéanova, Miriam OlSiakova, Martina Nosalova

Abstract: The paper focuses on selected attributes of customers’ requirements for furniture and
innovative perspectives in the furniture industry in Slovakia. The primary method of identifying customer
requirements was the Kano model method. In terms of research, Slovak customers most often accepted
furniture criteria are revealed using the Kano model. The findings show differences in consumers'
requirements for particular features and innovative attributes of the furniture industry. The popularity of
the individual investigated attributes is related to their perception either as traditional or radical
innovations in this sector. From the point of view of the perception of innovations, we can classify
customers in Slovakia as conservative, as they prefer the requirements and attributes of furniture
associated with their traditional design. These results identify market requirements and innovative
perspectives in the furniture industry in Slovakia, with the potential of use for creating furniture sales
strategies.

Key words: customers’ requirements, furniture sector, Kano model

1. INTRODUCTION

The aim of innovation is to improve the company’s performance by achieving the
competitive advantage or maintaining the achieved competitiveness by shifting the demand
curve of the company’s products. The furniture industry is characterised according to the OECD
as a low-tech sector (2002, In Karagouni et al., 2010; Pirc and Vlosky, 2010), where innovation
is rather based on the adoption than the invention and it is typified by incremental innovation
(Anon, 2005). The tendency to perform incremental innovation rather than radical ones may be
related to the subcontracting characteristic in the relationship between actors in the wood-
furniture industry (Kusumawardhani and McCarthy, 2013). Under such circumstances,
innovation activities are rather focused on production efficiency, product difference and
marketing. Additionally, financing may be a factor that influences innovation in small and
medium-sized furniture industry businesses (Anon, 2005). This is caused on by the lack of
resources available to businesses for the development of radical ideas, which they are unable
to secure anyway due to the ease of counterfeiting. In general, markets do not appreciate or
value radical innovative efforts from the firms, therefore they are not willing to pay extra cost to
make them profitable either (Otero-Neira et al., 2009). Due to the high expense of implementing
new technology and the shortage of staff with the necessary skills, small and medium-sized
businesses are less inclined to adopt it (Yan Yi et al., 2021). Another important characteristic
of the furniture industry is its lack of globalisation in the means of that there are differences in
the competitive structures among the countries, affecting innovation performance (Otero-Neira
etal., 2009).

In the furniture industry, the technological and market turbulences are not supposed to be
the critical variables that explaining variations in the innovative performance of furniture
companies. This is explained by the presumption that these mentioned turbulences are rather
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low across the sector, and there are not many notable disparities in consumers' requirements
across the various countries. In particular, the technological field presents fixed standards, and
consumers have quite similar demands, which are not subject to particularly radical changes.
In fact, we can expect that in the furniture industry, innovations are not very radical, and all
companies undertake incremental innovations. This tendency of companies to perform
incremental innovation rather than radical innovation is consistent with other studies
(Kusumawardhani and McCarthy, 2013; Otero-Neira et al., 2009). This could imply that the
furniture sector shows a tendency to innovate based only on its market orientation, and not on
its internal tendency to develop technology, probably because it is a traditional, “low-tech”
sector (O’Regan and Ghobidian, 2005).

Customer preferences in connection with furniture were obviously analysed around the
world, for example in studies of Pirc Baréi¢ et al. (2021), Jost et al. (2020), Andac Guzel (2020)
as well as in Slovakia in studies of Kaputa et al. (2018), Lou¢anova et al. (2022), OlSiakova et
al. (2016), Palus et al. (2012). The results of Jost et al. (2020) research showed that customers’
preferences for furniture materials have changed in the last decade. Similarly, the factors that
influence their purchase decisions when buying interior and exterior furniture have changed as
well. Survey (Balicka and Niedbata, 2022) indicates that the most common factors influencing
the decision during purchase that characterize the furniture are those related to design and
aesthetics Price-related factors are fairly important to customers and quality-related factors are
the least important.

The issue of innovation in the furniture industry was dealt with, for example, by the authors
Ototo and Vlosky (2023), Ling and Laksitamas (2022), Kumburu and Kessy (2021),
Kusumawardhani and McCarthy (2013), Karagouni et al. (2010), Pirc and Vlosky (2010),
Otero-Neira et al. (2009), as well as LouCanova et al. (2020) in Slovakia. As noted by Padilha
and Cziulik (2005), it has been observed that to develop new products most furniture
companies are employing inadequate strategies and therefore, some products do not fulfil the
customer expectations. Knowing the attitudes and requirements of customers is essential and
this applies to the furniture industry. Therefore, the focus of this study is to identify consumers'
requirements for particular features and innovative attributes of the furniture industry.

2. METHODOLOGY

The Kano model was the main technique applied to assess Slovak consumers'
perceptions of innovation regarding the furniture. To determine the factors that differentiate the
product and provide it a distinct market position, it considers theories of contradiction. The
analysis is mostly concerned with those attributes of furniture that consumers consider to be
attractive, mandatory, and required, what in the conditions of the Kano model can be specified
as: attractive (A), mandatory (M), reverse (R), one-dimensional (O), questionable (Q) or
indifferent (1). From the perspective of the customer, the mandatory requirements are significant
since, in the event of non-compliance, they result in strong dissatisfaction. However, if they are
satisfied, their impact on customer satisfaction is minimal. It's a fundamental requirement for a
product that customers demand automatically. One-dimensional requirements are those that
have a linear relationship between customer satisfaction and their fulfilment. The consumer is
more satisfied when more conditions are met. Requirements that boost customer pleasure
exponentially are examples of attractive values. Considering the information provided above,
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these requirements have the most significant impact on consumer satisfaction. In addition to
the requirements listed, Kano model also identify reverse, questionable, and indifferent
requirements with reverse or none influence on the consumers. Individual criteria naturally
overlap and impact one another, making it impossible to strictly separate them. (Lou¢anova,
2021, Louéanové and OlSiakova, 2020).
The analysis of parameters focused on the examined problem was followed by the methodical
procedure to assess requirements for traditional and innovative features of furniture by Slovak
consumers, such as (Besch, 2005, Kotler et al., 2015, Lou¢anova et al., 2021, FarkaSova and
Badura, 2021):

Price — representing a monetary expression of the good or service value.

Ergonomics - representing furniture that has a positive impact on the customer's comfort
when using furniture and its surroundings, including other users of the space.

Quality — representing the sum of the characteristics, the condition, the nature of the
object meeting certain standards.

Design — representing natural or intentional surface patterns of utility objects.

Material — representing the substance or summary of individual products serving for a
particular further use or processing.

Services - are the intangible result of a particular economic activity aimed at meeting
human needs.

Innovation furniture (where innovation means any quantitative or quality purposeful
change) with a focus on:

o Remote control — understood as an electronic device, as additional furnishings to
furniture used for its remote control.

¢ Intelligent solution — a smart module that can replace multiple pieces of furniture.

o Magnetic closure — representing components for furniture which serve to tightly close
the opening parts of furniture with the possible use of a magnetic key.

o Backlight — representing several types of light source within the furniture regarding
the purpose but also the function that the light will perform.

e Levitation — under this type of furniture we mean the floating furniture, where it is not
only a real levitation of furniture, but it is an optical delusion, i.e. the supporting point
of the furniture is made of transparent material.

o Services —services for furniture can include one or several of the following elements:
Design for durability (to reduce the environmental impacts of furniture consumption);
Maintenance and repair services; Reuse of furniture parts; Remanufacturing of used
furniture; Servitization - leasing or renting to furniture.

Regarding exact parameter determination, a questionnaire including the requirements of
the KANO model was created. It involved the generation and formulation of two questions for
each examined parameter. In the first step, the question was formulated to detect the
consumers” responses on whether their requests were met. On the contrary, in the second
step, the question was formulated in a way that the consumers’ requests were not met.
Consumers had the opportunity to express agreement or disagreement with the question or
statement on the Likert scale (1 - like, 5 — dislike). Then measures for the questionnaire
implementation were determined. The sample consisted of 408 respondents, which meets the
minimum sample of 400 respondents, with the required confidence interval of 95 %, accessible
error range of 5 %. The KANO model was used to evaluate the collected data, classifying
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individual responses into predetermined categories using a cross-rule. The features of furniture
are classified as mandatory, attractive, one-dimensional, indifferent, and reverse. Regarding
the sample’s descriptive statistics, women completed the survey at a higher rate than males
(70.34% of total responses). 36.27% of participants were from 18 to 30 years old, 30.39% of
the participants were from 31 to 50 years old, 15.20% of the participants were from 51 to 60
years old and 18.14% of the participants were over 61 years old.

Following the use of a questionnaire to conduct the survey, a database containing the
collected data was created. Within this database, the requirements for traditional and innovative
features of furniture by Slovak were defined, and a numerical expression of the degree to which
consumers agreed or disagreed with the given question regarding the defined parameter was
then assigned. For each parameter, the individual answers to the positively and negatively
asked questions (statements) were evaluated separately using the cross rule of the KANO
model (Table 2). By such a determination, individual properties can be specified as follows:
attractive (A), mandatory (M), reverse (R), one-dimensional (O), questionable (Q) or indifferent

(I).

Table 1. KANO model for evaluation of consumer requirements

Answer to the Dysfunctional Question
Like Acceptable No . Mandatory | Do not like
Feeling
Like Q A A A 0
Answer fo the Accepta.ble R | | | M
Functional Question No Feeling R I l l M
Mandatory R | | | M
Do not like R R R R Q

Source: Grapentine, 2015, Lou¢anova, 2021, Lou¢anova and OlSiakova, 2020

The consumer requirements that were identified were divided into categories and
rearranged in relation to the percentage proportions of the respondents' sample. The most
represented group of requirements characterize the resulting perception of the examined
parameter or value. Based on the above-described methodical procedure, the monitored
quantities (requirements) of customers were identified when purchasing the furniture. The
answers to these questions are a summary of the requirements for furniture purchase and
furniture innovations on the market.

3. RESULTS AND DISCUSSION

Within the framework of the analysis, we focused on selected attributes of customers’
requirements for furniture and innovative perspectives in the furniture industry in Slovakia.
Based on the research carried out according to the established methodology, we reached the
following results, see figure 1.

When buying furniture, customers consider design (66.67 %) and quality (38.48 %) to be
the mandatory requirements that furniture shall meet. Similar results have been published in
previous studies (Kaputa et al.2018) finding that two of the most relevant purchase decision
factors are quality and design. According to study of Pirc Barci¢ et al. (2021) the high
proportions of positive preferences for functionality, quality, and design showed that these
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purchase factors are very important for consumers in the purchase decision process.
Ergonomics (41.18 %) and services (32.6 %) are identified as attractive requirements for
respondents. According to our findings, these requirements, such as ergonomics, quality,
design and service, are considered by respondents to be the basic criteria for their purchasing
decisions. Other requirements, such as price, material and furniture innovation, do not affect
respondents' purchasing decisions. It means they have no significant effect on their satisfaction
or dissatisfaction.

services |
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backlihgt
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magnetic closure |
|
|
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remote control
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Figure 1. Customer’s requirements for traditional and innovative features of furniture

The price of furniture does not affect purchasing decisions (50.49 %), respondent
identified the price as indifferent requirement. However, 39.95 % of respondents perceive the
price of furniture as reverse requirement - they are influenced by the price in the opposite way
in sense if their requirements are not met, it is perceived in a contradictory way. This is
consistent with the finding of Pirc Barci¢ et al. (2021), that buying furniture at a lower price or
discounted products are not that important to the costumers. According to our results, the
demand for material is perceived similarly — as indifferent requirement. The parameter of the
material showed minimal changes in consumer behaviour. It is also worth mentioning that for
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25.5 % of respondents the used material is perceived as an attractive requirement. It means
that if the material requirements are met, customers are very satisfied, even if they do not
primarily expect it. This may be caused by wood material itself, which is preferred to substitute
materials for processing furniture (Palu$ et al., 2012). This is consistent with Andac Guzel's
paper (2020) indicated that the wood is natural and make people to enjoy it, and furniture is a
most frequent way of utilizing wood for consumers at home. As far as the material requirement
is concerned, environmental issues can also be influential, according to findings of Ling and
Laksitamas (2022), that there is respondents’ agreement who believe using environmentally
friendly materials can bring customer convenience and environmentally friendly materials have
a significant impact on customer perceived value.

With respect to the furniture innovations, we also generally observed an indifferent
influence on respondents' purchasing decisions and subsequently most respondents perceive
them in a reverse way. However, in the case of intelligent furniture solution, 25.5 % of
respondents perceive this innovation as an attractive one, which means that they do not expect
it, but if this requirement is met, the customer is satisfied. This is similar with the service
innovations, which are attractive for 23.28 % of respondents. Therefore, it is necessary for
furniture retailers to focus mainly on meeting the elementary requirements, such as identified
quality and design, and subsequently take advantage of the attractiveness of ergonomics and
customer service. Intelligent furniture solutions and provided innovative services appear to be
adapting furniture innovations on the Slovak market, which represents an equally great
potential for furniture retailers in terms of attracting customers. This finding is consistent with
Papadopoulos et al (2018) as ecological and intelligent furniture appears to gain popularity
since both smart multi-functionality and eco-sensitivity seem to grow, consumers are regarding
the attractiveness of green smart furniture (GSF) products.

Results also confirm the focus of consumers on quality, as stated by e.g. Rametsteiner et
al. (2007), who presents similar attitudes of consumers towards the listed categories of wood
products and describes the differences in preferred properties such as design and quality. It
also points out the wood competitiveness as a material regarding its features. Wood is a
resource that Slovakia disposes, and it also represents renewable wealth that follows the
tradition of wood processing industry in the country. In cooperation with forestry, it creates a
chain of traditional industries in Slovakia (OlSiakova et al., 2016).

4. CONCLUSION

To meet the demands and desires of the customers, it is crucial to understand certain
characteristics of the purchasing behavior of Slovak furniture customers, which is why we
examined how the furniture and its innovation requirements in the market are seen. According
to the findings, the consumers mainly focus on quality and design, which represents their
greatest satisfaction but also the greatest dissatisfaction in case when their requirements have
not been met. The parameters of ergonomics and services present attractive requirements
resulting in consumers’ satisfaction. Our results indicate that it is critical to focus on the
furniture's quality and design, followed by its ergonomics and customer-friendly services. At the
moment, innovation by itself does not significantly affect consumers' purchase decisions.
However, some customers find advancements pertaining to intelligent furniture solutions and
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novel services to be quite appealing. Furniture retailers should therefore pay close attention to
those aspects when creating a marketing strategy.
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Education, Science, Research and Sport of the Slovak Republic and the Slovak Academy of
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FUTURE DEVELOPMENT OF WOOD SUPPLIES POTENTIAL
FOR THE SLOVAK FOREST-BASED INDUSTRY
— INSIGHTS FROM SPRUCE GROWING STOCK FORECASTS

Michal Dzian, Martin Moravéik, Hubert Palus, Jan Parobek

Abstract: Forest-based sector in Slovakia is highly dependent on the availability of coniferous wood
resources. Spruce as the most present coniferous tree species in the country plays a key role for the
wood supplies to sawmilling and panel industries and its processing contributes significantly to the
economic development of the country. Any fluctuations in supplies can have a major impact on the
market and production perspectives in the forestry-based sector. The aim of the study is to assess the
sustainable management and long-term viability of Norway spruce resources and to develop a forecast
of spruce growth and harvesting potential up to 2050 in Slovakia. The analysis of historical data proved
that the spruce cover has decreased by 13.2% since 2010 and its growing stock by 16.4% over the same
period. The forecast of spruce growing stock and felling until 2050 was estimated separately for two
scenarios based on the development of (i) growing stock and actual cutting percentages in the period
2012-2020 and (ii) cutting percentages according to the planned felling. The results of the study show
that there is projected a significant decrease in the growing stock in spruce stands and thus expected
reduction in availability of wood supplies for the forest-based sector.

Keywords: Norway spruce, forecast, spruce stands, growth model, harvesting model

1. INTRODUCTION

Norway spruce (Picea abies [L.] H. Karst.) is an economically important European tree
species, representing a quarter of Europe's growing stock, and it is also one of the most present
tree species in Slovakia (Potterf et al. 2023; National Forest Centre 2023b). Slovakia is a
country rich in forest resources. Over the years, its forest area has increased steadily. In 2022,
natural forests covered 2.37 million hectares, about 42% of the country's land area (National
Forest Centre 2023b). In Slovakia Norway spruce grows in mixed forests and in monocultures
up to the upper limit of the forest at altitudes of 1,500-1,550 m above sea level (Morav¢ik et al.
2021). In 2022, European beech (34.8%), spruce (21.5%), and oak (10.4%) were the most
abundant species. The representation of conifers (35.5%) has been decreasing steadily due to
harmful agents influencing forests (especially wind and bark beetle) (National Forest Centre
2023a). However, due to the vulnerability of Norway spruce resulting from its shallow root
system, the proportion of Norway spruce is expected to decrease to less than half of its present
share (National Forest Centre 2023b; 2023a). Recent studies have shown an increase in
disturbance intensity in managed forests, which could potentially affect spruce supply (Potterf
et al. 2023). In the recent years, drought, windthrow and bark beetle outbreaks have led to an
unprecedented increase in spruce mortality (Harkénen et al. 2019).

Spruce forest stands produce a significant volume of high quality logs that belong to the
most important forestry products in the Slovak Republic, accounting for 61.3% of the softwood
supplies and 31% of the total wood supplies, respectively. An analysis of the material flows
showed that more than 84% of the total resources are used for industrial purposes and almost
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16% are used for the production of energy (Parobek et al. 2014). This is an indication of the
strong dependence of the forest-based industry on the supply of wood raw material, including
spruce. The forest-based industry plays a pivotal role in Slovakia’s economy, with a significant
increase in foreign investments documented in the recent years (Slovak Investment and Trade
Development Agency 2011). However, the industry’s share on the Slovak economy remains
relatively low with the most important role of the pulp and paper industry. The industry faces
challenges due to climate change and the need for sustainable and nature-close forest
management practices. Despite these challenges, the sector continues to grow and make a
significant contribution to the economy of the country.

The aim of this paper is to evaluate the sustainable management and the long-term
viability of Norway spruce in Slovakia. It is essential to understand the future growth and
harvesting potential of this species, and the need for sustainable forest management practices.
Therefore we aim to develop a forecast model for the growth and harvesting potential of Norway
spruce up to 2050.

2. MATERIAL AND METHODS

Using the data from the Summary Information on the State of Forest (SISF) for the years
2010-2020, the analyses of the development of the area and the growing stock of spruce in
the forests of the Slovak Republic were carried out. Data on total spruce felling, classified by
age classes and divided into planned (tending felling and regeneration felling) and incidental
felling were obtained from the forest management records for the years 2012-2020. A modified
methodological procedure according to Gregu$ (1989) was applied to develop the forecast of
spruce growing stock and felling until 2050. Following this approach, the timber allowable cut
is proportional to the growing stock in forests and cutting percentages. Thus, the values of
these two variables have the greatest influence on the derived allowable cut of timber.
Considering the felling volume and the level of accidental felling in spruce stands, two basic
scenarios based on the following two assumptions were determined.

In the case of Scenario A, we assumed that the current extent of spruce stand damages
by the action of harmful agents will continue at the same trend as in the previous decade (2010-
2020) as a result of the impacts of climate change and the limitations of standard forest
management. The following formula was used to determine the forecast:

TYF;,
DFP,g = =+ 100 (1]

sw

where:

i —index indicating the age class

DFP;is — decennial felling percentage according to the actual volume of spruce felling
TYFia — actual volume of ten-years spruce felling until 2020

GSsw — growing stock of spruce in m?

In the case of Scenario B, we assumed that the felling of spruce will be equal to the volume
of planned felling and corresponding felling percentages (according to SISF). To determine the
forecast in scenario B, the following formula was used:
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prp, = i 109 2]
P GSg,

where:
DFP;, — decennial felling percentage according to the planned volume of spruce felling
TYF;, — planned volume of ten-years spruce felling until 2020

3. RESULTS AND DISCUSSION
In the period 2010 to 2020, there were significant changes in the share of spruce area and the

growing stock of the spruce. In 2020 compared to 2010, the spruce area decreased from 445
thousand hectares to 385 thousand hectares, a decrease of 13.2% (Fig.1).
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Figure 10 Development of spruce area

At the same time, the growing stock has decreased over the same period. It decreased
by 16.4% from an initial volume of about 137 million cubic metres to the current volume of 115
million cubic metres (Fig. 2). This reduction in the growing stock could be due to the decrease
in spruce area, but it could also be influenced by other factors such as changes in forest
management practices or natural disturbances.
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Figure 11 Development of spruce growing stock

The distribution of spruce across different age classes shows an uneven pattern (Fig. 3).
The older stands, specifically those aged between 61 and 110 years (age classes 7-11), have
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been experiencing an annual decrease in their spruce share. This could be due to natural aging
processes or external factors such as disease, pests, or environmental changes. In contrast,
the oldest stands, those above 111 years (age classes 12-15+), have maintained a steady
spruce share. Interestingly, there has been a noticeable increase in the spruce share
particularly in the younger stands (age classes 1, 2, 5, and 6). This could be a result of
successful regeneration efforts or favorable growth conditions for younger trees. These
observations underline the importance of continuous monitoring and adaptive management
strategies to ensure the health and sustainability of spruce stands across all age classes.
Further studies could help in understanding the factors influencing these trends and in
developing effective forest management practices.
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Figure 12 Development of spruce area in age classes
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The same trends in the age classes can also be observed in the development of growing
stock of spruce. Above mentioned trends of the area representation and growing stock of
spruce with a significant decrease in the middle and older ages, indicate a reduction in the
felling possibilities of spruce wood in the coming decades.

The future forecast of spruce felling development was derived considering two scenarios
as mentioned above. The scenario A assumes that due to climate change and restrictions to
normal forest management, mainly due to nature protection, the damage to spruce forest
stands by the action of harmful agents will continue at approximately the same extent as in the
previous decade. To derive the related forecast, average cutting percentages adjusted by
polynomial function corresponded to actual volume of felling (performed planned and incidental
felling) in the years 2012-2020. In this case, a significant reduction in spruce growing stock is
expected from the current 114.8 mil. m3 to 86.9 mil. m3 (by 24%) in 2030 and to 74.3 mil. m?
(by 36%) in 2040. In the case of scenario B, under which it is assumed that the felling volume
would correspond to the volume of planned felling and the related felling percentage, the
decline in wood stock would be more moderate, by 10.6% (to 102,6 mil. m3) in 2030, or by
15.5% (to 96.9 mil. m3) in 2040, respectively (Fig. 4).

Considering the scenario A, the decennial spruce felling carried out in period 2021-2030
in the volume of 42.6 mil m3 would drop later on in the years 2031-2040 to 32.0 mil. m® and to
25.7 mil. m3 in the years 2041-2050. Under the scenario B, the volume of spruce felling in the
next three decades would be lower reaching 29.3 mil. m3, 26.0 million m? and 23.8 mil. m?,
respectively (Fig. 5).
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Figure 14 Comparison of forecasted spruce felling (F) in 2030, 2040 and 2050 under scenario
A and B.

From the point of view of maintaining representation of spruce in forest stands, scenario
B seems to be more advantageous compared to scenario A. However, as a result of the
ongoing persistence of the action of harmful agents due to climate change and due to current
stand and management conditions, scenario B is not likely to be fulfilled.

4. CONCLUSION

This study focusing on develop a forecast model for the growth and harvesting potential of
Norway spruce up to 2050. The Norway spruce, has exercised a decrease in cover by 13.2%
and the reduction in growing stock by 16.4% since 2010. The study highlights the urgent need
for sustainable management strategies to ensure the long-term viability of the Norway spruce,
a critical resource for Slovakia’s forest-based sector. The industry and the country's economy
face major challenges from the projected decline in spruce stocks and the expected reduction
in wood supply.
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DIGITAL MARKETING STRATEGIES TO PROMOTE
FURNITURE MANUFACTURING MSMEs

Gloria llieva

Abstract: Small and medium-sized enterprises and micro firms dominate the furniture industry in the
EU. While large corporations can have marketing departments focusing on promoting the business,
MSMEs don't have access to the budgets and human resources to build a strong marketing presence.
Strategies that could help MSMEs in the furniture manufacturing business grow and build a strong digital
presence through content creation, ads, and partnerships while responding swiftly to market demands
will be presented. They are adopted from other industries to fit the peculiarities of the furniture
manufacturing sector and the restrictions that MSMEs are facing

Keywords: MSME, digital marketing, strategy

1. USE OF DIGITAL MARKETING BY MSMEs
IN THE FURNITURE MANUFACTURING SECTOR

The power of marketing in today’s economic environment is undeniable. Marketing builds
the demand for products and services, supporting the growth of the firm. Even though
companies understand the importance of marketing for their business few are performing well
in their marketing efforts.

Marketing plays a pivotal role in promoting innovation and enhancing the value offered to
consumers. It provides insights into consumer needs and preferences, guiding the development
of new products and services that fulfill unmet demands. This process of innovation contributes
to economic growth by introducing new market opportunities and improving productivity.

Marketing enables businesses to differentiate themselves from competitors, build brand
equity, and establish loyal customer bases. By effectively communicating value propositions
and building relationships with consumers, companies can secure a competitive edge in
saturated markets.

Modern marketing also aligns with the principles of sustainability and social responsibility.
Through green marketing initiatives and ethical business practices, companies contribute to
environmental conservation and social welfare. This approach not only fosters long-term
economic development but also enhances corporate reputation and stakeholder trust.

1.1. Survey on marketing efforts in MSMEs in Sofia, Bulgaria

The author surveyed 50 respondents at the entrance of one of the bigger stores for
components used in manufacturing furniture to gain an understanding of their marketing efforts.
The sample size consists of a majority of micro companies with less than 10 employees, 22%
work for small enterprises between 10-25 employees, and 0 of the interviewed are from
companies with 25-50 employees.
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Table 1. Survey questions and percentage of responses

What's the size of the company you work for?

1-10 people 78%
10-25 people 22%
25-50 people 0%

Does your company have a website?

Yes 26%
No 74%
Does your company have a Facebook page?

Yes 56%
No 44%
Does your company have an Instagram account?

Yes 12%
No 88%
Does your company have a TikTok account?

Yes 6%

No 94%

If you've answered any of the questions above with yes,
can you advise how frequently you post?

Several times a week 4%
Once per week 8%
Once per month 20%
Occasionally (less than 1 per month) 64%
| haven't used the page after creating it 4%

Only 26% of the companies represented in the survey have a website, indicating that a
significant proportion of small businesses may not be fully leveraging the potential of online
platforms.

Over half of the respondents (56%) indicated that their company has a Facebook page,
which could reflect the platform's ease of use and prevalence among businesses. Only 12% of
companies have an Instagram account, and even fewer (6%) have a TikTok account,
highlighting a potential underutilization of these platforms for business, particularly given their
growing user bases and engagement rates.
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For the companies that have some form of digital presence (as indicated by a 'yes' in the
previous questions), most of them (64%) post content only occasionally (less than once a
month). A smaller percentage post once per month (20%) or once per week (8%). Very few
companies post several times a week (4%), and an equal percentage (4%) have not used their
page after creating it.

These findings suggest that there is a significant opportunity for growth in the digital space
for MSMEs working in the furniture manufacturing sector. The low percentage of companies
with a website and the complete absence of Google Ads usage point toward a gap in adopting
online marketing strategies. While a majority have a Facebook presence, the low engagement
rates, especially on more visually-oriented platforms like Instagram and TikTok, could indicate
a lack of resources, knowledge, or confidence in how to effectively utilize these platforms for
business growth.

The data points to the need for greater digital marketing education and resources targeted
at micro and small enterprises, as these companies may benefit from increased online
engagement. Training in digital skills and marketing could help these businesses capitalize on
their social media presence and translate it into tangible business outcomes.

Given that the digital presence of these companies is minimal, there could be substantial
potential for market expansion and engagement through more consistent and strategic online
marketing efforts. However, it should be noted that the survey doesn't indicate the industries
these companies belong to, which could influence the relevance and impact of digital marketing
for them.

2. DIGITAL MARKETING STRATEGIES THAT COULD BE USED
TO PROMOTE FURNITURE MANUFACTURING MSMEs

To create an effective digital marketing plan, MSMEs must first identify clear strategic
objectives that will guide all subsequent marketing efforts. Marketing specialists usually focus
on building a pathway through the marketing funnel: helping target customers become aware
of the brand/products that are being offered; cultivating an interest that would be transformed
into a desire in the customer leading to action (conversion, sale), retention (post-purchase),
and advocacy (satisfied customers recommending your company). Customers may hop
between the different stages, however, it is up to the company to create opportunities to be
seen at each of those.

From the survey, it becomes evident that many MSMEs are underestimating the
importance of digital marketing for the growth of their business and overall profits. We're going
to analyse several strategies that could help MSMEs in the manufacturing sector improve their
digital presence.

Content strategy starts first and foremost with the determination of the target buyer
persona. Who is the ideal customer of the business? Is it interior designers that they'll partner
with, boutique businesses looking for unique solutions, or homeowners and renters who are
interested in customized solutions for their furniture? It's recommended that owners focus on
one or two target customers while the company is growing and has more limited resources.
Once it's in a more secure stage of its development it can focus on more personas and expand
its operational coverage.
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Investing and regularly updating websites might be challenging for micro and some small
companies, but they can create and regularly update their social media accounts at little to no
expense. Small and medium companies that have enough budget should consider building a
simple SEO-optimized website to showcase their products to potential customers.

After determining its target audience, the company should reflect on which social channels
is their audience active and focus on them. With social media content being so similar
(concerning the types of content used), the company can repurpose the same content with
small changes to its different channels (Instagram, Facebook, TikTok).

The content should focus on what makes the brand/company unique compared to its
competitors — what are unique selling posts, sustainability, bespoke services, local
craftsmanship, promote the story behind the brand, and showcase the production process. The
furniture manufacturers must focus on the customer as the hero in the content they create, not
their products. They should explore how their offering helps alleviate the pains/issues that their
target audience is going through related to furniture, rather than just showcasing the features
of their products.

The content can be distributed in several content pillars — educational, inspirational,
promotional, or engagement-driven content. Educational content can include Q&A sessions,
and informational lives showing different aspects of the furniture-making process and why it's
important to do things a certain way. Inspirational content can include finished furniture projects,
before and after content, and videos with designers using the firm’s products in their projects.
Promotional content could be special pricing for a certain period, limited-time offers,
announcements, and pre-order opportunities. Engagement-driven content includes interactive
polls, quizzes, and contests on social media platforms centered around home décor themes.
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FORMATION OF "NEW FOREST SPACES" IN URBANIZED AREAS
IN LINE WITH THE GREEN DEAL

Petar Marinov and Mihaela Mihailova

Abstract: Climate change has a vast global impact on the environment and is the core problem for food
chain, human health, bio-habitats etc. The search for a new paradigm aimed at a change in the socio-
economic state is imperative for bettering the life of all living things. The European Green Deal includes
a comprehensive approach to improving urban and rural forest spaces. The current scientific research
aims to present a new view to climate change, presenting a mathematical model for the formation of
green areas in urbanized spaces as a solution of the presented problem. This paper attempts to present
green spaces as an alternative solution to climate change, that has a diverse affect on urbanized areas
(one of the objectives of the European Green Package). Urban forests play a crucial role in this strategy.
Increasing interest in urban forestry is seen as an efficient nature-based approach to tackle challenges
connected to urbanization and climate change. The creation and maintenance of urban forests align with
recent EU policies, including the New Green Deal, the EU Biodiversity Strategy, and the EU Urban
Agenda, underlining their importance in sustainable urban development.

Keywords: Climate change, green spaces, urban forests, Green deal.

INTRODUCTION

Global and local climate change is a fact that is object of discussion and research as the
problem has worsen in the last decade and in a need for new policies, approaches and global
restructuring of agriculture, manufacture and living is needed. As researchers the following
question should be the focus of our studies: Is this change of climatic factors directly related to
anthropogenic activity or is it another global cycle of the geochronological development of the
planet? How can we implement small changes that can accumulate overtime instead of big
changes that upend and disturb human life? The discussion about climate change began in the
seventies of the XX century and continues in the XXIst century, as the scientists working in
this direction have not had a unified position related to the change over the decades. Some of
them (Cook at al. 2016) suggest that anthropogenic influence is at the root of rising
temperatures and CO,, globally. Another part, a significantly smaller percentage of scientists
(and their opinion should not be neglected) believe that global warming is a cyclical process
related to planet Earth tilt cycles, changes in orbit and so on (Lawrence, 2011, Plait, 2012 &
Sheppard, 2012).

The implementation of the European Green Deal emerges as a great ambition to turn
Europe into the first climate-neutral continent by 2050. The changes that will take place in all
sectors of the socio-economic development of the member countries until the above-mentioned
year, "lean" on the new ecological paradigm will decrease carbon dioxide to the levels of the
nineties of the twentieth century (Yarkova, Y. & Mutafov, E. 2017).

The formation of "Urban Forests" as a concept of socio-economic importance as
continuation of the European Green Policy. According to the authors, the basis for this definition
should be sought in the formation of an idea for a new type of settlement "Garden Cities"
(Caves, 2014, Howard 1902), in which a certain territory of them (40%) should be covered by
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green infrastructure. This type of cities began to be built in the 1950s in England. The first
declared such "new town" was Cumbernauld in Scotland, opened on 9/12/1955. The second
such area is Runcorn, an area of Cheshire in north-west England, declared a "garden town"
type in 1963. During the period 1945-1960, 15 new "garden cities" were formed in England,
and a further 17 were formed within the next ten years from 1961 to 1971. The cities of Milton
Keynes from 1960 and Redditch from 10.04.1964 are cities where the philosophy of "garden
cities" is successfully applied (Radovanova, 2021).

The construction of green areas (new forest areas) in urbanized areas and in less
populated areas (rural areas) within the borders of the EU in the coming decades will be of key
importance for the implementation of the European Green Deal presented above. Based on
the facts stated above, the authors offer their view, by forming "new forest spaces" in settlement
structures, through a mathematical model, without pretensions to comprehensiveness and final
formulation of the idea.

MATERIALS AND METHODS

The presentation of a theoretical mathematical model in the scientific development aims
to present the construction of forest spaces in the urbanized areas in a percentage ratio in
relation to the area of the settlement and the number of the population, meeting the socio-
economic needs of the society (Marinov, 2023).

D=Px(F+M) <« Z=(G-D)/Gx100

Where:
G - Settlement area 7 km? P — Population in settlement 50 000
F - Living area per person 25 m? M - Infrastructure area per person 50 m?

D - Total infrastructure area per person
Z - Required forest area in (percent %) for the settlement

In the development of the theoretical mathematical model, a mathematical methodology
(Dokuzova, et al., 2014), a historical review, a geographical approach and a comparative
analysis was applied in the scientific development of forest spaces in urban areas. The
methodology proposed by the authors is applicable to all settlement structures within the
borders of the EU. It has an open character, it can be supplemented or changed (socio-
economic parameters), depending on the goals for its application. Microsoft Word and Excel
were used in the research and analysis of statistical information.

RESULTS AND DISCUSSION

In the theoretical methodology embedded in the model, we assume that the area of the
relevant settlement is 7 km? (the indicated km? are an example number), inhabited by 50 000
inhabitants (the number of the population may change). The authors found that the living area
per person should be 25 m? and the infrastructure area per person 50 m?, (administrative, road,
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underground and all kinds of similar areas). For the corresponding mathematical model, we
look for the required total infrastructure area per person in km? or:

50000 x 75=3750 000 m* <« 3750000/1 000000 = 3,75 km?

Therefore, after finding D — Total infrastructure area per person 3,75 km? the
theoretical mathematical model, attempts to find Z - Required forest area in (percent %) for
the settlement, or:

Z=(7-3,75)/7x100=3,25/7 x 100 = 0,46 x 100 = 46%

Accordingly: Z - necessary forest area for the respective settlement is 46% of the
total area of the same.

When developing the mathematical model, the number of the population of the respective
settlement is accepted, as well as the numerical values for the different types of infrastructure,
which can be variable, respectively: 20 m? < F < 45 m? and 45 m? < 70 m? The change of
each of the indicators mentioned above will lead to a change in the values related to D and Z,
which allows the proposed model to be applicable to any changes in the numerical indicators.

What is the need for "New Forest Spaces"? As part of the evolving human civilization,
on Earth, we must know that the forest, as a biological and at the same time physical dimension,
has a key role for human survival globally and there lack has local social impact. The very
formation (natural or artificial) of forest spaces, regardless of where and when, constitute an
eco-system combining all the necessary elements for the existence and prosperity of society.
Itis the only resource without which the human population cannot exist and the only one known
to be found only on planet Earth. The creation of "new forest spaces" combines the socio-
economic element and is at odds with development. Trees are the main mechanism for air
purification, specifically in this case in urbanized spaces. On the other hand, forest spaces have
an impact on a local level by forming a micro climate in a certain territory, reducing the noise
and warmth level during the warm months of the year, absorbing dust particles up to 75%,
assimilating carbon dioxide to a large extent and a number of other benefits for people. The
construction of new forest spaces in the settlements, through the benefits listed above, help
preserve the health of the population living in them. The experience gained in preparing the
strategy for forests in England is based on four main principles: quality, integration, partnership
and community support. The presentation of this kind of "policy" can be applied as a basis for
the development of the formation of "new forest spaces" in the created urbanized areas. In
modern settlements, the use of four types of forests can be applied, which have a direct impact
on the quality of life in a certain territory for the corresponding number of the population
inhabiting the areas: 1) Forests with an economic purpose; 2) Forests for regeneration and
economic recovery; 3) Forests with public benefit, recreation and tourism; 4) Forests for nature
protection and environmental protection, (Forestry Commission, 1998). The formation of forest
spaces in urbanized areas should not be considered as independent infrastructural units, but
as part of the general space of the area.

Global and local temperature changes are a basic indicator of climate change. Before we
start to analyze the climatic changes of Earth (base period 1960-1990), we should know that
the collection of statistical information about the above-mentioned processes began at the
beginning of the 20th century in connection with the development of aviation. According to
(IPCC, 2021) ..."the rate of increase has been particularly high since 1970 at about 0.2°C per

175




17t International Scientific Conference WoodEMA 2024
GREEN DEAL INITIATIVES, SUSTAINABLE MANAGEMENT, MARKET DEMANDS,
AND NEW PRODUCTION PERSPECTIVES IN THE FORESTRY-BASED SECTOR

decade. During this period, global temperature has risen faster than in any other 50-year period
for at least 2,000 years, with the last 8 years (2015-2022) being the warmest on record.” The
facts are indisputable, but one should also not ignore the other side of the argument, where a
small scientific community, who are engaged in the study and study of climate processes, that
think the change in the global climate picture in the last approximately 100 years is due to a
cyclicity associated with with the planet and the influence of solar processes (eruptions). In
order to prevent serious environmental shocks on a global and local level, in particular for the
continent of Europe, all signatories of the United Nations Framework Convention on Climate
Change committed themselves in the Paris Agreement: from 2015 to limit the increase in global
temperature to well below 2°C above pre-industrial levels (1960-1990) by 2050 and towards
efforts to limit the increase to 1.5°C. A fact to be noted here is that during the actual Pre-
Industrial period 1850-1900, the collection of statistical information on climate processes was
sparse, with little data most likely inaccurate or local to certain seasons or years. During this
period of time, the technological processes related to research and collection of statistical
information about climatic phenomena did not have great precision.

According to (Masson-Delmotte, V. & Zhou, B., 2021) ...” Europe is warming faster than
the global average. The average annual temperature over European land areas in the last
decade has been 2.04 to 2.10°C higher than in the pre-industrial period. 2020 was the warmest
year in Europe since the beginning of instrumental records according to all datasets used, with
an anomaly range between 2.53°C and 2.71°C above pre-industrial levels. Particularly strong
warming is observed in Eastern Europe, Scandinavia and in the eastern part of the Iberian
Peninsula”. Industrial processes and the high concentration of urbanized spaces have a direct
impact on climate change, both locally and globally. The formation of "new forest spaces” in
the settlements of the Old Continent is likely to have an impact on the climatic processes and
a favorable impact on the socio-economic processes. This will not be a "Panacea" to the
problem, but combined with the necessary measures and controls, the rise in temperatures and
carbon dioxide can be slowed down and air quality and quality of life can be improved. Going
into specifics for Bulgaria in rural areas (Mutafov, 2021) in this direction, farmers can be
encouraged to form new fruit species (preserving the old ones) responding to climate changes.

The new guidelines for environmental policy - EU Green Deal targets by 2050, a climate-
neutral region, such as reducing greenhouse gas emissions by 2040 and returning to 1990
levels, as well as compliance with the 2015 Paris Agreement year. In order to achieve the
ambitions set by the Community, it is necessary to apply the relevant requirements: 1) full
implementation of the existing EU laws on environmental norms; 2) decarbonize the industry;
3) increasing domestic production in the field of new technologies; 4) preservation of justice,
solidarity and social policies towards all socio-economic sectors and regions in the EU and 5)
open dialogue with all stakeholders, including agricultural producers (all branches and EU
countries), enterprises (from all socio-economic sectors), social partners and citizens.

The authors of the scientific publication are subject to (EC priorities-2019-2024) ..."legally
binding climate targets: Target to stimulate natural carbon sinks”. The formation of "new forest
spaces" in the urbanized settlements and rural areas of the EU, on the one hand, has a social
effect for all the inhabitants of these areas, on the other hand, it supports one of the objectives
of the EU related to the implementation of the Green Deal and, last but not least, the creation
and maintenance of green spaces within the borders of Europe has a purely humanitarian
aspect.
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CONCLUSIONS

Climate change is an undisputed reality for the citizents of the planet. A large part of the
people (scientists and researchers) who deal with this matter do not have a clear idea why
there has been an increase in the average temperatures of the atmosphere during the last
century or if it is combination of factors (some of wich that can be influenced by us and some
not). There is no consensus on this delicate issue. The models that are used to assess climate
state and evolution are based on data embedded in them for a short period of time (last 60
years). In the geological development of the globe and the accompanying cyclicity of change
affecting Earth, there have been several periods with drametic climate change. Climate change
and its accompanying elements are not a paradox for our planet. The increased anthropogenic
activity in all its forms is a fact, but it cannot be the main cause or only cause of climate change
in a global aspect.

The imposition of various Green policies related to the reduction of harmful emissions in
the atmosphere in the future will have an impact on the life of society and in our opinion drastic
policies should be met with caution. Replacing conventional fuels is not a panacea for climate
change. The search and imposition of a new paradigm related to climate change in the future
is extremely important and necessary for the society of the planet. The green policy imposed
in the EU countries has its advantages and most likely for the moment various types of activities
can be limited, but in the future this type of policy will undergo changes.

According to the authors, at this stage attention should be paid to green spaces, both in
urbanized spaces and outside them as well as forest preservation, green infrastructure creation
and revitalizing city spaces. Considering the green areas or forests in the settlements to occupy
a certain percentage of the territory will greatly ease the life of the society in these spaces. The
ratio between the number of the population and the green spaces presented in the form of
forest resource potential appears as one of the most important factors on which the entire model
is built. New forests in urbanized spaces are essential for regulating the local climate: they
reduce the force of winds, control water flows in horizontal and vertical directions, filter air and
sunlight. It is unlikely to solve the global problem of climate change or melting glaciers, but it is
a positive practical step towards enriching the forest background locally and globally.
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INVESTMENT AND INNOVATION SUPPORT
FOR DEVELOPMENT OF THE FOREST INDUSTRY

Renata Novakova , Olena Plaksiuk, Eva Habifakova

Abstract: Investment and innovation support for the economic development of forest resource potential
is a set of methods, tools and levers of financial support for modernisation, reconstruction, renewal and
technical re-equipment of fixed assets of forestry enterprises, as well as the introduction of modern
technologies of forestry and forest protection. One of the distinctive features of innovation and investment
support for the development of the forestry complex is that its main links, which are state forestry
enterprises, include both forestry and wood processing. Successful achievement of sustainable forest
management will provide integrated benefits for all, ranging from the social value of protecting
livelihoods, biodiversity and ecosystems provided by forests, to increased income from the use of forest
resources and forest products by economic agents. Therefore, the justification of priorities for investment
and innovation of forest resource potential is an important component of state policy at the current stage
of development of the national economy.

Keywords: investment, innovation, investment attractiveness, economic development, management

1. INTRODUCTION

Today, there is a tendency for forestry to be unattractive to investors, which hinders the
development of the forestry sector. Investors want to get benefits quickly, which is impossible
for this industry. When making investments in forestry, it is necessary to take into account the
complex effect that is generated by investing in the reproduction of forest resource potential.
Unlike other sectors of the economy, forestry generates significant positive environmental and
social effects that can significantly exceed the economic effect. This makes the forestry
industry extremely important for society in terms of creating favourable living conditions, the
positive impact of forests on the environment, efc.

2. KEY PROBLEMS OF MANAGEMENT EFFICIENCY IN THE FOREST SECTOR

The problem of the financial mechanism of the investment environment of the forest
resource sector, ensuring the investment development of forestry, and studying the investment
potential of forestry production was studied by such scientists as: V. Golyan (2010), T. Melnyk
(2011), Morav¢ik (2012), Kondpka (2010, 2012), Kre€mer (1993), Papanek (1978), Anderson
F., Angelstam P., Feger K.H. et al (2005) and others.

Papanek, (1978) argues that the key problem of society's attitude to forests has been
expanded to include ensuring their existence not only as timber producers but also as sources
of other vital (non-productive) goods. Until recently, the prevailing view was that if forests are
optimally favourable from the production side, they also perform non-production functions.
Today, this opinion is no longer valid. This is due to the fact that society's demands on forests
to perform non-productive functions tend to increase (Moravéik, M., Kondpka, J. et al., 2012).

Today, in terms of management efficiency, there are a number of problems in forestry that
hinder the development of the forestry sector of the national economy, namely:
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- imperfect distribution of management functions, which in some cases leads to
duplication of functions or loss of their performance;

- imbalance of financial support for forestry activities, lack of adequate funding for forestry
and shortage of relevant specialists;

- lack of new economic mechanisms to stimulate the introduction of nature-saving
technologies or their elements, protection, and expanded reproduction of forests, including on
private property lands;

- the unsatisfactory state of ensuring the use of forests by citizens for recreational
purposes, and many others.

In this regard, there is a need to develop a system of investment and innovation
management that would ensure the practical implementation of the forestry development
strategy.

3. NEW APPROACHES TO IMPROVING INVESTMENT POLICY

Improving investment support for the implementation of forestry projects depends on

increasing their investment attractiveness and improving certain components of the national
forest policy, which create favourable credit and tax conditions for financing the reproduction of
forest resource potential. The investment attractiveness of the forestry business, especially for
foreign investors, can be increased by actually implementing elements of modern ecological
management that have long proven effective in developed countries.
The main step in the system of measures to improve the investment policy in the field of forestry
production should be the improvement of the investment climate by implementing
internationally proven management methods in domestic practice, streamlining the national
market of forest products and encouraging forestry enterprises to increase investment in
building up forest resource potential. The fundamental point of the new model of investment
activity in the forestry complex is the elimination of the rent attractiveness of the economic
development of the forest resource base and the direction of the investment activity vector to
the integrated processing of wood. In today's business environment, an extremely important
factor in the effective operation of enterprises is their resource potential, the rational use of
which determines the achievement of a balanced development of each sector of the country's
economy. Among the components of resource potential, human capital plays a significant role.
Therefore, the issue of investing in human capital as the main source of development of the
national economy, quality of work and life of the population remains particularly relevant
(Plaksiuk, Novakova, Habinakova, 2022).

The orientation of the national economy towards the priorities of the world market includes
the development and formation of new approaches to the greening of economic activity of
enterprises based on a combination of administrative, economic and financial management
methods. This will include the possibility of improving the models of regional functioning through
the formation of financial mechanisms that would ensure the efficient use and reproduction of
the natural potential of each territorial complex. Improvement of the financial mechanism is an
essential condition for ecologically balanced forest management, since the imperfection of the
existing financial mechanism for the use and reproduction of forest resources is a constraint to
the effective development of the forest sector. Due to the unsatisfactory state of the country's
forest fund and the growing demand for the ecological and economic functions of forests, the
forestry development strategy should be aimed at environmentally balanced management
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principles. Important tasks include expanded reproduction of forests, their protection, greening
of production and economic instruments, as well as the spiritual sphere and people's
consciousness. At the same time, ecologically balanced forest management involves the
integrated, rational use of forest resources, continuous improvement of their economic,
environmental and social functions, taking into account environmental imperatives to meet the
needs of present and future generations.

An important factor in sustainable forest management is the financial mechanism, which
should be environmentally oriented due to the special importance of forest resources in the
environmental and economic sphere. In turn, the financial mechanism includes legal,
information and regulatory support, financial levers and incentives. The levers include: 1)
payment for special use of forest resources; 2) investments; 3) credit; 4) land and other taxes;
5) forest resource funds; 6) fines for violation of forest legislation; 7) rent; 8) leasing; 9)
insurance payments; 10) prices; 11) plans; 12) others. Incentive methods include: 1)
preferential taxation; 2) preferential lending; 3) differentiation of customs rates depending on
the degree of processing of timber products; 4) budget financing; 5) pricing; 6) environmental
insurance; 7) planning; 8) investment; 9) others. Support: 1) legal (resolutions, laws, etc.); 2)
information (reporting of enterprises, etc.); 3) regulatory (instructions, norms, standards).

The main sources of funding for forestry are the enterprises' own funds, state budget
funds, and loans. Table 1 shows the financial results and state support of the forestry industry
in Slovakia over the past ten years. Budgetary funds are allocated for forestry operations, forest
protection, control of forest pests and diseases, logging related to forestry, etc. However,
budget funds are allocated in insufficient amounts and on a residual basis, without taking into
account the priority of certain activities. Given the low forest cover and the predominantly
ecological importance of Slovakia's forests, the state should continue to invest in protected
forests, reforestation of land unsuitable for agriculture, etc.

The analysis shows that the industry's profit growth is several times higher than the state
support for the forestry sector. In particular, there is a significant decrease in state support for
the business sector (-62.5% over the past three years).

Therefore, it should be noted that the prospects for the development of the forest resource
sector are associated with the intensification of public-private partnerships, which will not only
attract additional financial resources for the modernization and creation of new modern
industries, but also increase the level of innovation activity, which will contribute to the
introduction of environmentally friendly, energy-efficient and resource-saving technologies at
all stages of the movement of raw materials and products (Holian , Demydiuk , 2010).

The full development of any part of the economic complex in the context of economic
policy liberalization and institutionalization of various forms of entrepreneurial activity is
impossible without a developed market infrastructure, where financial and credit institutions
play a leading role. Forestry is no exception. Moreover, the preliminary analysis (Table 1) of
direct state subsidization and subsidization of forestry activities proved the need to diversify
sources of financial support for forestry and forest protection activities. Time requires the
spread of various forms of capitalization of the timber component of productive forces, and a
positive solution to this problem directly depends on the effective operation of financial and
credit institutions in the forestry sector. Given that forestry activities are not as attractive for
investment as, say, ferrous metallurgy, in the near future, financial institutions will not be
particularly active in financing forestry projects unless radical changes are made in the
institutional system of financial and credit regulation of forestry.
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Table 1. Selected financial and economic indicators of the forestry industry in Slovakia

2022/
2022 | 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | 2015 | 2014 | 2013 | 2013,
%

Economic result (profit, loss). Total, mill. EUR

9540 | 77,92 | 25,51 | 28,62 | 40,62 | 44,45 | 44,59 | 44,72 | 51,62 | 31,53 | 202,57

including :
Economic result (profit, loss). State forests, mill. EUR

20,99 | 16,97 | 1,06 | 475 | 7,76 [ 10,53 | 9,37 | 11,45 13,30 | 9,00 | 1332

Economic result (profit, loss). Non-State forests, mill. EUR

67,33 | 55,04 | 18,93 | 19,28 | 27,89 | 33,92 | 35,22 | 33,27 | 38,32 | 22,53 | 198,85

Economic result (profit, loss). The business sector, mill. EUR

708 | 591 | 552 459 [ 497 - [ - | - | - | - | 4245

Total state support, mill. EUR

24,19 | 28,93 | 39,44 | 36,80 | 38,40 | 51,55 | 24,38 | 55,41 | 17,39 | 15,40 | 57,08

including :
State support State forests, mill. EUR

10,53 | 8,26 | 12,30 | 12,73 [ 13,06 | 35,79 | 5,14 | 10,56 | 4,61 | 4,35 | 142,07

State support Non-State forests, mill. EUR

12,16 | 18,87 [ 23,14 | 24,07 | 25,34 | 15,76 | 19,23 | 44,86 | 12,78 | 11,05 | 10,05

State support Business sector, mill. EUR

1,50 | 1,80 | 4,00 - - - - - - - 62,5

All of the above problems create an unfavourable climate in this area. Increasing the
investment attractiveness of forestry enterprises can be achieved through environmental
certification of forests and forestry supply chains, which will contribute to the growth of its
competitiveness both in the domestic and foreign markets (Melnyk , 2011).

4. INVESTMENT DIRECTION OF THE NATIONAL FORESTRY PROGRAM SR 2022 - 2030

The planet loses 12 million hectares of forests every year. In 2013, the United Nations
approved a program to create 300 million hectares of forests, 60 million in the United States
and 70 million in China. Today, there are 360 points of view on the forest management system
in the world, and Slovakia is no exception. The National Forestry Program SR 2022 - 2030
(NLP SR) indicates that the main problems of forestry do not exist in isolation, but rather in
mutual interaction. They are interconnected, intertwined, complementary and influential. This
fact is based on the fact that forestry is a broad field of human activity that is associated with
maintaining and improving forests and providing benefits to owners and society. Forests are
multifunctional, meaning that they not only have economic potential in the country, but are also
an essential component of the natural environment, an indispensable stabilizer of the country's
balance; they have multiple landscape, cultural, social and environmental significance. They
are a source of timber, provide recreational opportunities and habitat for wild plants and
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animals, protect water sources and soils, and capture air pollution. They support employment,
traditional land use, and biodiversity. Forestry is one of the main components of sustainable
development of society, especially rural areas, ensuring quality of life through environmentally
sustainable and socially inclusive growth.

One of the fundamental problems of forestry is the negative effects of the financial and
economic crisis, current minimal political support, low social acceptance, inadequate
technology and infrastructure, and lack of innovation. There are also long-standing problems
of the non-state sector, primarily related to complex processes of forest land ownership. On the
other hand, the current energy crisis, rising energy prices and possible energy shortages put
wood in the position of a strategic raw material with the possibility of being used as an
alternative source (Narodny lesnicky program, 2021).

The National Forestry Program of the Slovak Republic is the main forestry and policy
document, an important tool for ensuring sustainable forest management, interagency
cooperation and fulfilment of international forestry-related obligations. The program provides
indicative financial support to channel investments from separate sources, as described in
Table 2.

Table 2: Estimated financial limits of the NLP SR for 2022 - 2030

Strategy numbers Estimated amount byjndividual ministries, in thousand EUR
MPRV SR MZP SR MF SR MIRRI SR

Strategy 1 60600 0 0 0
Strategy 2 59020 500 0 0
Strategy 3 6810 5580 0 0
Strategy 4 14100 50000 0 15000
Strategy 5 22 22 0 0
Strategy 6 290 150 0 0
Strategy 7 0 0 0 0
Strategy 8 45000 0 0 0
Strategy 9 28800 12750 0 0
Strategy 10 5300 0 0 5600
Strategy 11 100 34,50 0 0
Strategy 12 35500 0 0 0
Strategy 13 7525 7000 0 17600
Strategy 14 1265 250 0 0
Strategy 15 300 0 0 0
Strategy 16 112447 54822 40600 0
Strategy 17 1600 0 0 0
Total 378679 131108,5 40600 38200

In addition to the above-mentioned innovative measures, a prerequisite for the successful
development of the state's forestry sector is the elimination of existing contradictions between
forestry and the forest industry, the development of integration processes in the field of logging,
protection and use of forest resources on the basis of lease relations and mutual interest in
organizing sustainable forest management. It is the unsatisfactory level of investment and
innovative renewal of the production and technical base of the forestry sector that causes the
cost of competitiveness of the national economy, namely the decline of fixed assets, a decline
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in production and an increase in production costs, which in turn exacerbates the problem of
investment resources. The NLS is developed taking into account the need for a unified state
policy in the field of forestry, changes that have occurred in forestry in recent years and
Slovakia's international obligations. Taking into account the above-mentioned directions aimed
at the effective development of forestry, the industry will be able to overcome the systemic
crisis. Further development and implementation of the innovative concept of sustainable forest
management will help to increase the level of forest cover and have a positive impact on the
economy as a whole.
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READINESS OF WOOD PROCESSING ENTERPRISES
IN SLOVAKIA TO IMPLEMENT CHANGES

Andrea Janakova Sujova, Petra Lesnikova

Abstract: Current changing business environment forces the enterprises to be able perform changes
anytime and to be agile. The success by implementation of changes mostly depends on a favourable
background for its realization. Most of success factors are common and relate to human factor, learning
and communication activities during implementing changes. The aim of the paper is to assess the
readiness of wood-based enterprises in Slovakia to make changes in the company. The quantitative
primary research through questionnaires was conducted to find out the attitude to changes and to assess
the status of internal environment in relation to success of change’s realization and ability to be agile.
Keywords: change management, agile enterprise, wood-based companies

1. INTRODUCTION

Changes in a business are essential for its growth and adaptation to a changing
environment. However, it is important that these changes are properly managed and that
employees are prepared to embrace them. According to research by McKinsey & Company
(2018), only 37 percent of respondents reported successful change implementations. More
recent research by Miller (2020) reports that approximately 50 percent of all organizational
change initiatives are unsuccessful. These results highlight the importance of the skill to plan,
coordinate and implement change in the enterprise. Organisational change is usually
undertaken because of confidence in its effectiveness in the form of improved business
performance. However, if change is managed incorrectly, it can lead to loss of productivity and
poor employee performance (Stobierski, 2020).

Businesses should ensure that employees are ready for the change before it is
implemented. It is evident that the relationship between employee readiness for change and
the implementation of organisational change will be stronger when self-efficacy is higher. Self-
determination theory (Rahi et al., 2021) is important in the present context, which suggests that
both employees' performance and their well-being are influenced by the type of motivation they
have for their work activities (Deci et al., 2017). The aforementioned also has a connection with
how employees show helpfulness towards the organization. Focusing on employees' emotional
attachment to change could be one way to increase employees' readiness for change
(Soumyaja et al., 2015). Fatima et al. (2020) state that employees' readiness for change
mediates the relationship between their change-related self-efficacy and commitment to
change. This provides the basis for equipping employees with the necessary attitude and
intention for successful implementation of the change process. However, sufficient awareness
is a prerequisite. Michels and Murphy (2021) identified nine common traits and capabilities that
help businesses excel at change. Specifically, these are: purpose, direction and connection
(necessary for leading change); capacity, choreography and scaling (necessary for
accelerating change); and development, action and flexibility (necessary for organising
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change). Understanding the strengths and weaknesses in these categories allows to determine
change capability and develop a plan for scaling it up over time. At the same time, the authors
found that a company's readiness for change is a strong predictor of its performance. This
suggests that a firm's ability and readiness to implement change is undoubtedly an important
component of business agility.

2. METHODOLOGY

The main method of the research was a primary quantitative research conducted from
questionnaires. The research was focused on the management of changes in Slovak
enterprises operating in wood-based sectors (WPI). The core sample size for the research was
a database of 300 wood processing enterprises, out of which 82 respondents represent the
research sample. According to the calculation of the minimum statistical research sample the
research sample size of 82 respondents is a representative statistical sample with 92%
confidence and 8% standard deviation. The questionnaire consists of 5 general, classification
questions and 30 business-area management issues. In the paper, the results regarding the
perceptions of changes in a companies are presented. The questionnaire was published online
and the data collection was in 2018. Answers from the questionnaire have been evaluated by
chosen statistical methods. We used descriptive statistics for one variable and PivotTables
which combines the frequency distribution of two variables and represents an extension of a
simple frequency table (Pacakova et al., 2018). The evaluation of the questionnaire was carried
out using the software program Statistica 12 CZ - Stat Soft. Inc. (2013), while the imported
database was created in MS Excel.

The aim of analysis of research results in the paper was to assess the readiness of Slovak
wood processing enterprises to changes and their impelementation, as the basic prerequisite
for building the agile enterprise.

3. RESULTS

The basis for the evaluation and analysis was an online database of questionnaire
research results. Wood enterprises constituted the vast majority of our research, accounting
for as many as 60 enterprises (73.17%), furniture enterprises accounted for 18 (21.95%), and
pulp and paper enterprises accounted for only 4 (4.9%). The structure of the research sample
of WPI enterprises by size and ownership is as follows. The survey was mainly micro and small
enterprises with up to 50 employees. This category accounted for up to 85.36% of the
enterprises, 7.3% represented large companies. In terms of business ownership, 83.9% of the
enterprises are domestic or with predominantly domestic capital and ony 5% are foreign owned.

The perception of the management of changes and organizational process, which
represents the transition from the current state to the future desired state, the attitude towards
change and the awareness regarding the implemented changes were to be investigated in the
context of assessing the readiness of people in WPI enterprises for change. Table 1 shows the
results of the absolute and relative frequencies of this analysis. It can be seen that up to 90.24%
of the enterprises consider change as an important factor in ensuring the success of the
company. Only 5 enterprises, representing 6.10%, do not consider the need to make changes
in order to ensure the success of the company. Change as a necessary evil and its negative
perception by employees was reported by 3.66% of enterprises. From the answers to question
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2 on the awareness of changes in enterprises, in 63.41% of enterprises all employees are
informed about the changes and in 31.71% of enterprises only managers are informed about
the changes. Awareness of changes in WPI enterprises is quite favourable as only 4
enterprises (4.88%) in the research sample reported that awareness in their enterprise is zero.

Table 1. Analysis of perceptions of change and level of awareness of change

Question and answers | n %
1. How do you perceive the changes in your company

Change is an important factor in ensuring a company's success 74 1 90.24
Changes in the business are not necessary for the success of the business | 5 6.10
Changes are a necessary evil, negatively perceived by employees 3 3.66
2. What is the level of awareness of the changes in your company?

Everyone is informed about the changes implemented 52 | 63.41
Only managers receive information about changes 26 | 31.1
There is almost zero awareness of the changes 4 4.88

Regarding the findings on attitudes towards change (see Figure 1), two thirds of the
enterprises have a neutral attitude, stating that they are able and willing to adapt to new
conditions and changes; in 12% of the enterprises the attitude is positive, where changes are
initiated and supported. On the other hand, 21% of enterprises have a negative attitude towards
change, of which fear of change is prevalent in 16% of enterprises and 5% of enterprises
perceive change as a problem and evil.

What attitude towards change prevails in your company?

Changes are disruptive and cause problems [l 5%
Changes cause worries and uncertainty [N 16%
If the change comes, we adapt [N 67%

Changes are iniciated and supported [ 12%

Figure 1. Attitude towards change in the WP enterprises

Table 2 shows the results of the responses to the question that aimed to find out how
WPIs are preparing for change. The results show that 15.85% of the WPI enterprises do not
prepare the change, the remaining enterprises implement only one of the above steps, of which
financial-economic evaluation of the proposed changes is predominant in one third of the
enterprises, followed by defining the goal and resources for change in % of the enterprises. A
low number of enterprises analyse the baseline situation (17.07%), which may result in
incorrect identification of necessary and possible changes. The smallest number of enterprises,
below 5%, assemble a project team and prepare options or action plans to implement the
change.
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Table 2. Steps taken before implementing changes.
Description of answers n %
analysis of the baseline situation 14 17.07
identification of the changes needed and analysis of the change 19 23.17
requirement
defining the objective and identifying the resources to implement 21 25.61
change
setting up a project team and a change agent (team leader) 4 4.88
preparation of options for the change project and an action plan for 4 4.88
the implementation of the proposed changes
financial and economic evaluation of the proposed changes 27 32.93
monitoring the effects of change 11 13.41
we do not take any of the above steps 13 15.85

In next question the responses relating to the analyses carried out in preparation for the
changes were found out. According to the results, we can conclude that WPl companies
perform 1.7 analyses, i.e. 1 to 2 analyses on average. Customer satisfaction and needs
analysis achieved the highest number of responses in 45.12% of the WPI enterprises, followed
by financial analysis, which is carried out by 43.90% of the WPI enterprises. Lower response
rates were achieved for SWOT analysis in 4.88% and for force field analysis in 6.1% of WPI
enterprises. The SWOT analysis and the force field analysis are analyses of the baseline
situation. The low response rate for these analyses corresponds to the findings in the previous
question that only a small number of enterprises pay attention to the analysis of the baseline
situation when preparing for change. We were therefore interested in what types of changes
enterprises predominantly implemented when they did not need to analyse the baseline
situation. The relationship between the types of changes and the analyses carried out prior to
their implementation is shown in contingency table 3.

Based on the data in Table 3, it can be concluded that financial analysis has a 68.75%
percentage in enterprises that have implemented financial restructuring. Force field analysis
led the WPI enterprises to transformational restructuring change with a response percentage
of 25%. Reengineering change in manufacturing enterprises was implemented in 75% of the
cases based on portfolio analysis. For incremental optimization changes, the impact of a
combination of several analyses can be observed: in 55.10% the impact of customer
satisfaction and needs analysis, financial analysis 46.94%, and competitive analysis 42.86%.
Incremental changes in the enterprises were induced similarly to the previous group by the
combination of several analyses. Based on the results, we can further conclude that there is a
relationship between the analyses conducted before the change and the change that was
implemented in the WPI enterprises. Needless to say, a combination of several analyses is
used in companies, and there is always one or more that are dominant and ultimately influence
the type of change implemented. The reason for the low share of analyses of the initial situation
- SWOT analysis and force field analysis is the fact that most enterprises have implemented
most small, optimization changes, or unplanned changes and changes in the financial area,
when sub-analyses of a given area are sufficient. However, a force field analysis showing the
readiness of employees to changes is underestimated.
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Table 3. Contingencies of types of changes and analyses performed

Type of change implemented
o)) qéj 2 .§
Pt © = ©
5 G ] 2 3
Analyses carried out in B o 2 £ G 2
preparation for the change | & S, 12 g =8
@ ®© & @ © T > a
= Es | @ €, |E8 | S
3 S8 sy |28 |25 | &
c 22 |22 |52 |58 |5 =
& S% |88 |g8 |82 |a =]
iC — & X o £ o £ s c 77]
. 1 1 0 1 1 1
SWOT analysis 6.25% | 12.5% | 0.00% | 2.04% | 5.56% | 556% | °
. . 3 1 3 4 1 0
Portfolio analysis 18.75% | 12.5% | 75.0% | 8.16% | 5.56% | 0.00% | '
Force field analysis ! 2 0 2 ! ! 7
y 6.25% | 25.0% | 0.00% | 4.1% | 5.56% | 5.56%
Financial analysis 1 ! 2 23 5 3 45
y 68.75% | 12.5% | 50.0% | 46.9% | 27.8% | 16.67%
Competitive analysis 4 0 [ 21 6 3 35
25.00% | 0.00% | 25.0% | 42.9% | 33.3% | 16.67%
Analysis of business 3 0 0 9 4 1 17
processes 18.75% | 0.00% | 0.00% | 18.4% | 22.2% | 5.56%
Analysis of customer 6 4 1 27 7 5 50
satisfaction and needs 37.50% | 50.0% | 25.0% | 55.1% | 38.9% | 27.78%
. 0 0 0 1 3 6
Other (please specify) 0.00% | 0.00% | 0.00% | 2.04% | 16.7% | 33.33% | 7
SUM 29 9 7 88 28 20 181
Relative abundance 16.04% | 4.97% | 3.87% | 48.6% | 15.5% | 11.0% 100

3. DISCUSSION AND CONCLUSION

Change management has received considerable attention in the professional community.
This is reflected in the fact that 90% of the companies surveyed consider change management
to be an important factor for success, which agrees with the research of Stobierski (2020).
However, there are still some limitations in terms of employees' readiness for change and their
attitudes. Despite the fact that in more than 60% of enterprises all employees are informed
about the changes and 67% of enterprises perceive a neutral attitude towards changes, there
are still enterprises in which a negative attitude prevails (21%) stemming mainly from fear. To
some extent, it can be stated that employees' readiness for change in the form of change-
related self-efficacy and commitment to change (as reported by Fatima et al. (2020)) is at a
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lower level in the WPI enterprises. Looking at the use of analyses, a low number of surveyed
enterprises analyze the baseline situation (17.07%), which may result in misidentification of
necessary and possible changes. WPI enterprises perform 1 to 2 analyses, with customer
satisfaction and needs analysis and financial analysis predominating. Conversely, underutilized
is the force field analysis, which can serve as an important tool for improving the enterprise's
readiness for change by providing baseline information on the attitudes and perceptions of
change in the enterprise and the perspective needed to create a favorable environment prior
to implementing change.
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INNOVATIONS IN FURNITURE INDUSTRY ENTERPRISES:
A CASE STUDY IN BULGARIA

Vlyara Kyurova, Blagovesta Koyundzhiyska-Davidkova

Abstract: In a world associated with a rapidly changing technological environment and a dynamic
economic environment, innovation is one of the main ways to achieve lasting success and competitive
advantage. It plays a key role in the development of furniture industry enterprises. Innovations are also
essential for promoting flexibility and sustainability in the implementation of business activities. Paying
attention to the implementation of innovations enables the enterprises of the furniture industry to satisfy
the demands of consumers, increase efficiency, productivity and income, reduce costs. Taking actions
related to innovation allows, on the one hand, to solve complex business problems, and on the other
hand, to achieve uniqueness and novelty in the implementation of the business process. The realization
of more and diverse types of innovations contributes to the easier handling of the upcoming changes in
the surrounding environment of the furniture industry enterprises. In this context, the aim of the present
study is to analyse the state of enterprises from the furniture industry in terms of implemented
innovations. To achieve the goal, companies from the furniture industry were surveyed using the
convenience sampling method. The application of this method is appropriate because of its adequacy in
terms of the specificity of both the subjects studied and the data to be obtained. Based on the results of
the analysis, generalized conclusions were drawn.

Keywords: innovations, furniture industry, enterprises

1. INTRODUCTION

The furniture industry is becoming more and more important for the economic
development of countries. Itis no coincidence that it is defined as a huge global business (Boon
Kwee, Thiruchelvam, 2012), which is under competitive pressure from the globalized economy
(Medeiros et al., 2009). This type of industry is a low-tech sector where innovation is
fundamentally based on adoption more than invention (Otero-Neira et al., 2009).

Innovations hold significant importance for furniture industry companies, being crucial for
sustainable development amidst a rapidly evolving market. Consequently, they receive focused
attention and are a top priority in Bulgaria, as outlined in the strategic document “Innovation
Strategy for Intelligent Specialization”.

Innovations also play a key role in increasing the competitiveness of enterprises in the
conditions of fierce competition. They contribute to improving competitive positioning and
profitability (Guimaraes et al., 2016). At the same time, innovations provide an opportunity to
transform the economic state of enterprises (Guimarées et al., 2014, p. 452; Lii, Kuo, 2016)
with a view to improving their results. Directing the efforts of enterprises to innovation is a
prerequisite for competitiveness in domestic and international markets (Szostak, Ratajczak,
2009).

Innovations are pivotal in the operations of enterprises, playing a crucial role in the
development and attainment of competitive advantages. Moreover, they are the basis for
achieving competitive advantage (Cao, Hansen, 2006; Pérez-Lufio et al., 2007). In addition,
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innovations aim at improving a firm's performance by gaining a competitive advantage
(Ratnasingam et al., 2018).

That is why the authors' efforts are aimed at studying the state of furniture industry
enterprises from the point of view of the innovations they have implemented. The research is
based on a survey of the opinions of 93 representatives of companies operating in the furniture
industry in the period November-December 2023.

2. LITERATURE REVIEW

Authors examining the issue related to innovation emphasize its important role for the
successful development of enterprises. A number of studies have been devoted to this problem.
They define the concept of "innovation" and discuss its distinction from different perspectives.

2.1. Defining the concept of innovation

The analysis of literary sources reveals that there is no unified opinion of the authors
regarding the definition of the term "innovation". Nevertheless, a group of researchers is
converging on a view of innovation as investment in R&D and technology (Dosi, 1982; Lev,
2001; Epstein et al., 2010). In more detail, Gault considers innovations as the result of the
investment activity of enterprises and pays special attention to the fact that they are the
materialized result obtained from invested capital in new technology, equipment, forms of
organization of production, new methods of planning and analysis and others (Gault, 2018).
Popova has a more specific view on the issue, which also starts from the position of an ongoing
activity. She defines innovation as the result of creative activity related to the creation of
innovations through the generation and transformation of spiritual values into material results
of ideas (Popova, 2015, p. 139).

In the scientific literature, innovation is considered as a collective societal process with
firms as the core actors in a networked social context (K6hler, 2008). Kautonen (1996)
examines innovation specifically in the furniture industry also as a process, but of the
dissemination of best practices for the use of capital goods and intermediate inputs. At the
same time, the definition of innovation, in which it is defined not only as a new or improved
process, but also as a product, a new marketing method or a new organizational method in
business practices, workplace organization or external relations is widespread (OECD,
Eurostat, 2005). This definition is related to the search for possibilities for the classification of
innovations.

A more specific understanding of innovation is contained in the definition of Boer and
During (2001), who see it as "the creation of a new product-market-technology-organization
combinations". The vision of innovation by Darroch and McNaughton (2002), who consider it
to be a necessary component for enterprises related to the possibility of remaining competitive,
also deserves special attention.

2.2. Typology of innovations
Knowledge of the typology of innovations is also important for the representatives of the

companies from the furniture industry. A review of the literature shows that there is a lack of
unity in the classification of innovations. For example, Hovgaard and Hansen (2004), based on
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a cross-functional approach, distinguish three types of innovation: product, process and
business systems. At the same time, Johne and Davies (2000) define product and process as
the main types of innovation. These authors believe that the market innovations should be
added to them. Technological innovations can also be added to the mentioned types (Kdhler,
2008).

The classification proposed in the third edition of the Oslo Manual (OECD, Eurostat, 2005)
deserves special attention, in which innovations are systematized as product, process,
marketing and organizational. Biolcheva's opinion regarding the classification of innovations in
the furniture industry is similar. She also argues that eco-innovations should be added to
product, process, marketing and organizational innovations (Biolcheva, 2017).

3. RESULTS AND DISCUSSION

The opportunity for innovations is of particular importance for sustainable development
and increasing the competitiveness of enterprises in the furniture industry. With their help, they
manage to develop new products, satisfy consumer needs, and gain better market positions.
In this context, the results of the research show that more than half of the respondents (57.5%)
implement innovations (see Figure 1).

42.5%

‘ implemented not implemented ‘

Figure 1. Distribution of enterprises according to the innovations made - %

It is noteworthy that a small part of them (8.6%) implement innovations once a year and
over five years (9.8%). The share of those (15.7%) who make innovations in the range between
three and four years is also not large. It was found that the representatives of the enterprises
in the furniture industry who carry out innovations with a time span between one and two years
predominate (23.4%).

The distribution of the innovations implemented by the enterprises of the furniture industry
is also of interest (see Figure 2). The results of the survey show that respondents primarily
focus their efforts on the development and implementation of product innovations (17.3%),
followed by process innovations (13.9%). The share of realized organizational and
management innovations (12.6%) and marketing (11.8%) is also not small. It is noteworthy that
a small number of respondents are aware of the important role of green innovations contributing
to the expansion of production opportunities. Proof of this is that only 1.9% of them implement
eco-innovations.
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Figure 2. Distribution of enterprises according to the type of innovations - %

In terms of product innovations, the introduction of new products on the market takes
priority (10.8%). At the same time, 6.5% of the respondents stated that they introduced new
materials into production.

As for the implementation of process innovations, it was found that new or improved
delivery methods occupy the smallest share (1.9%). The most implemented process
innovations are related to new or improved production methods (8.4%), followed by new or
improved additional activities (4.5%).

From the point of view of the implemented organizational and management innovations,
it is noticeable that the enterprises direct their efforts to new organizational methods of work
related to company culture and decision-making (7.1%). Also, the respondents have applied
new organizational methods in their relations with other enterprises (5.5%).

Among marketing innovations, the application of new ways of advertising or promotional
approaches (3.6%), followed by a new or improved product design or packaging (3.1%) takes
a leading place. An important place is also occupied by new approaches used for product
placement (2.7%), as well as new pricing methods (2.4%).

For an objective assessment, it is essential to identify the challenges that furniture industry
enterprises encounter when implementing innovative practices. In this regard, the results of the
survey show that the most serious problem is the provision of the necessary financial means
for innovation (24.3%). As an important issue, they point out the slow return on the costs
incurred for the implemented innovations (4.3%). A significant problem for the respondents is
the lack of sufficient knowledge and experience in the field of creating innovative ideas, the
very implementation of innovations, as well as the poor knowledge of patents and standards
(17.5%). No less important problem shared by the respondents is the lack of a formed and
functional active innovation policy (6.1%). The lack of partners for cooperation is also a barrier
to creating and implementing innovations (5.3%).
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4. CONCLUSION

Knowing the specifics of innovations adopted by enterprises in the furniture industry is a
guarantee for achieving lasting market success and securing competitive advantage in an era
marked by globalization and digital transformation. The continuous development of innovations
manifested in the creation of new products, the enhancement and alteration of existing
offerings, the penetration of new markets, the adoption of cutting-edge technologies, and the
exploration of novel supply and distribution networks, is a fundamental cornerstone not just for
sustainable growth but also for amplifying influence and achieving industry leadership.

The analysis of the innovations implemented by the enterprises in the furniture industry
reveals that product innovations are the most preferred for creation and improvement. An
important place in the innovation activity of these enterprises is occupied by both process and
organizational and management innovations. The least represented are marketing innovations.
Based on the fact that approximately half of the respondents do not implement innovations, it
is indicative that they do not yet realize their importance as one of the main tools for achieving
effective and long-term results.

The empirical research shows that enterprises in the furniture industry face serious
difficulties of a financial nature, not having the necessary capacity in the field of innovation, not
knowing the specifics regarding patents and standardization, not making the necessary efforts
to develop an innovation policy, as well as not implementing of partnerships with other
organizations. Their presence has a restraining effect on satisfying the need of the furniture
industry enterprises for sustainable innovative development, allowing the increase of their
competitiveness.
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THE IMPACT OF QUALITY MANAGEMENT TOOLS, METHODS, AND
APPROACHES ON THE ADAPTATION OF THE WOODPROCESSING
INDUSTRY IN SLOVAKIA DURING TIMES OF CRISIS

Pavol Gejdo$

Abstract: The article addresses the impact of methods and tools within quality management systems
on the performance of woodprocessing enterprises in Slovakia during times of crisis. The objective of
this contribution is to ascertain whether, through effective quality management, a company can exhibit
greater flexibility in adaptation and respond promptly to unforeseen changes. This investigation is
conducted within the context of addressing the challenges presented by the COVID-19 crisis within the
framework of woodprocessing companies in Slovakia.

Keywords: phasellus, vestibulum, tempor convallis

1. INTRODUCTION

In order to stay competitive in both local and international markets, it is crucial for
companies to prioritize approaches rooted in quality management. Quality encompasses not
just product attributes, but also production processes, management practices, and the overall
reputation of the company. By maintaining high standards of quality across these areas,
businesses can effectively address customer needs and achieve success. To ensure ongoing
improvement in product quality and production processes, it is vital for enterprises to utilize
quality management systems and adopt methods and tools for quality management. These
approaches should be readily accessible and straightforward to implement. Consequently, the
careful selection of suitable quality management procedures is indispensable for resolving
issues related to subpar product quality. Modern organizations will emphasize the
comprehensive utilization of principles, tools, techniques, and methods that foster societal
development and continual enhancement. Through the application of quality management
principles, industrial enterprises can attain success, providing a significant advantage during
periods of crisis when adaptation to unforeseen changes becomes necessary. The objective of
this study is to assess the current status of quality management systems (QMS) implementation
and their potential advantages for enterprise management amidst crises within the wood
processing industry in Slovakia.

2. MATERIAL AND METHODS

Numerous organizations have endeavored, and continue to do so, to find the most
effective methods for translating quality management principles into daily operations. Globally,
certain key concepts of quality management have emerged over time, forming the foundation
for modern quality management systems. Over the past few years, three fundamental concepts
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have been identified, each varying in complexity and resource requirements, including
personnel expertise (Nenadal et al., 2018). TQM operates on the premise that quality is a
collective responsibility encompassing all facets of organizational operations. Universally, TQM
has been embraced as a management strategy to bolster organizational performance and
enhance competitiveness (Kuhn et al., 2018). TQM, however, is not rigidly bound by predefined
rules; rather, it is an adaptable system that assimilates global best practices and tailors them
to fit the organization's unique context (Albuhisi, A. M., and Abdallah, A. B.,2018). Numerous
studies (Nguyen et al., 2018; Alharbi et al., 2017; Rebelo et al., 2016) corroborate the positive
impact of implementing quality management systems on achieving sustainable development
and elevating performance levels.The ISO concept represents the least demanding yet most
widely adopted framework worldwide. According to Sarb et al. (2019) and Knop (2021),
adopting the 1SO 9001 quality management system is a strategic choice for organizations,
offering potential enhancements to overall performance and establishing a robust foundation
for sustainable growth. Su et al., (2020) and Siltori et al., (2020) underscore that ISO 9001 sets
forth requirements for organizations seeking to consistently deliver products in compliance with
relevant standards and customer expectations, thereby aiming to enhance customer
satisfaction. The second concept revolves around industry-specific standards, which are
tailored to reflect the unique characteristics of particular sectors. These standards typically
incorporate the foundational principles of ISO 9001 while also delineating industry-specific
requisites..

3. RESULTS AND DISCUSION

To determine the minimum sample size, a formula for the finite population according to
Yamane Taro (Lind, 2020) was applied. With a target population size of 2,504 units and the
selected error €=0.05 was the minimum sample size derived as:

2504
T 1+2504-0.052 =345 (1)

The data were obtained through an on - line research questionnaire. The questionnaire
survey was conducted during the years 2020-2022 through the platform docs.google.form. The
questionnaire that have been researched, we can say that a survey sample of enterprises is
relevant, has sufficient denunciation, which is also verified by selected mathematical and
statistical methods.

H1: Enterprises of the wood processing industry that use a wider scale of quality management
principles and tools (PTQM) will have a higher potential for adaptation to unexpected changes
in times of crisis measured through a decrease in sales.

Figure 1 shows the relationship between the use of principles and tools of quality
management in enterprises of the wood processing industry in Slovakia and the decrease in
sales. As can be seen from the figure 1, companies that use a wider scale of these principles
and tools show a much smaller decrease in sales compared to companies that use them to a
lesser extent.
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The relationship between the use of PTQM and the
decrease in sales in the enterprises of the WPI in the SR
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Figure 1. The relationship between the use of PTQM and the decrease in sales in the
enterprises of the WPI in the SR

The findings from assessing the correlation between the utilization of PTQM and the
decrease in sales are outlined in Table 1. A significant correlation was confirmed based on the
corresponding p-value of 0.000. The contingency coefficient value of 0.38 indicates a moderate
level of dependency.

Table 1. A sample of the table

Usage of PTQM Chi-square test Degree of Jevel Contingency
versus Decrease in 4 freedom P coefficient
Sales 59.89 5 0.000 0.38

4. CONCLUSION

The article examines the implementation of quality management systems within the wood
processing industry enterprises in Slovakia. Its primary objective was to validate the hypothesis
suggesting that companies in this sector employing a broader array of quality management
principles and tools exhibit greater resilience to unforeseen impacts, as evidenced by a
decrease in sales during crises. The findings of the study confirm this hypothesis, thus
supporting the theoretical proposition regarding the favourable impact of quality management
systems on business performance and economic outcomes. However, it is noted that
opportunities for improvement still exist, particularly among micro and small enterprises where
the implementation of quality management systems remains limited. Various factors contribute
to this situation, including a shortage of skilled labour, scepticism regarding the beneficial
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effects of quality management systems on company economics, existential challenges faced
by businesses, among others.
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DIGITALIZATION IN WOOD AND FURNITURE COMPANIES

Luka Goropecnik, Katarina Remic, Matej Jost, Leon Oblak,
Teja Bizjak Govedi¢, Joze Kropivsek

Abstract: Due to rapid technological development and increasing digitalization, the business
environment, also in the wood sector, is changing rapidly. The unique aspects of this sector, including
the variability of raw materials, the nuances of production processes and fluctuating market dynamics,
require customized digital solutions. This study, based on existing strategies, reports and literature,
describes the current state of digitalization and the use of Industry 4.0 tools in the Slovenian wood and
furniture industry. It also highlights some of the opportunities and challenges that the industry might face
in digital transformation. Our findings show that the adoption of digital technologies is relatively low and
that the size of a company strongly influences the degree of digitalization. The sector is dominated by
smaller companies, which often have limited resources and may prioritize immediate operational needs
over long-term strategic investments such as digitalization. Another major hurdle to digital transformation
in wood and furniture companies, which have a relatively low-skilled workforce is human capital.
Therefore, the success of the sector's digitalization will depend on a coherent government strategy and
support for the adoption of digital technologies. Companies need to take a long-term approach, develop
a tailored strategy that considers their unique context and capabilities, and focus not only on structures
and processes, but also on people.

Keywords: digitalization, industry 4.0, manufacturing companies, wood and furniture companies

1. INTRODUCTION

In the digital age, transformative changes are sweeping across industries, and the wood
sector is no exception. Today, companies are facing critical decisions regarding their
investments in new technologies and the strategic allocation of resources to stay competitive.
In the context of the fourth industrial revolution (Industry 4.0), several technological pillars and
trends are driving digital transformation. These include blockchain, digital twins, quantum
computing, advanced analytics and artificial intelligence (Panetta, 2018). As organizations
navigate this landscape, they must determine how to effectively utilize these innovations.

A central concept is the emergence of the “smart factory”, also known as the U-factory,
factory of things or smart factory of the future (Hozdi¢, 2015; Movrin, 2017). The smart factory
integrates human expertise, product design, manufacturing processes and organizational
structures into a cohesive system. Its components include smart products, smart equipment,
smart people, smart conceptual processes and smart management. Industry 4.0 centers on
smart factories, where the creation of intelligent products and sustainable processes is
paramount (Cerveny et al., 2022). Globalization and networking will be decisive for the future
nature of production also in the post Industry 4.0 era (Matt & Rauch, 2020). However, a new
paradigm is emerging: Industry 5.0. In contrast to its predecessors, Industry 5.0 prioritizes
people, placing them at the forefront of cyber-physical systems (CPS). This model promotes
the symbiosis between humans and technology and recognizes that innovation should enhance
human capabilities rather than replace them. The term Human-Cyber-Physical System (HCPS)

201




17t International Scientific Conference WoodEMA 2024
GREEN DEAL INITIATIVES, SUSTAINABLE MANAGEMENT, MARKET DEMANDS,
AND NEW PRODUCTION PERSPECTIVES IN THE FORESTRY-BASED SECTOR

sums up this vision (Saniuk et al., 2022). Industry 5.0 emphasizes the fusion of artificial
intelligence with everyday human experiences, empowering the individuals and repositioning
them as a central actors in the technological universe. In this context, the more appropriate
term could be Society 5.0 (Cerveny et al., 2022; Saniuk et al., 2022). The evolution from
Industry 4.0 to Industry 5.0 reflects a profound change — from purely technological advances
to a harmonious coexistence of humans and machines, where innovation serves humanity’s
well-being.

This study, based on existing strategies, reports and literature, describes the current state
of digitalization and the use of Industry 4.0 tools in the Slovenian wood and furniture industry.
It also highlights some of the opportunities and challenges that the industry might face in digital
transformation.

2. STATE OF DIGITAL ECONOMY IN SLOVENIA

National statistics shows that in Slovenia in 2023 most companies (48%) had a very low
digital index, 29% of companies had a low index, 18% had a high index and 5% of companies
had a very high digital index (Figure 1). Among small legal entities, the majority had a very low
digital index (54%), among medium-sized legal entities a low index (35%) and among large
legal entities a high digital index (43%) (SURS, 2023a). The goal of the European Digital
Decade (EC & CNECT, 2023), also in Slovenia, is for more than 90% of SMEs to reach at least
a basic level of digital maturity by 2030, i.e. a low, high or very high digital index. This is
particular challenging for companies in the manufacturing sector, where the digital index is even
lower, as 62% of manufacturing companies had a very low digital index. Two thirds of
companies faced digital transformation challenges, with 41% due to a lack of suitable staff or
knowledge: 40% small, 46% medium and 54% large companies (SURS, 2023a).

Digital index of companies in Slovenia
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Figure 15. Digital index of companies in Slovenia (SURS, 2023a)

This is in line with the Digital Economy and Society Index (DESI) report (EC, 2022), in
which Slovenia ranks below the EU average in the dimension of human capital (Figure 2).
However, Slovenia is already addressing this issue, as competences and digital inclusion are
one of the pillars of the Digital Slovenia 2030 strategy (Ministry of Digital Transformation, 2023).
The country has also launched a national curriculum reform for all levels of formal education
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and is focusing on upskilling and reskilling working and non-working adults, pensioners, and
people with disabilities.

According to the DESI report, Slovenia is above the EU average when it comes to
integrating digital technologies into business activities. Basic digital intensity of SMEs is in line
with the EU average, but they are above average in e-invoicing, use of ICT for environmental
sustainability and e-commerce. Electronic information exchange has increased to 36% but is
still below the EU average. More companies are using social media and cloud services, but the
use of big data is still behind the EU average (EC, 2022).

Digital Economy and Society Index 2022 - Relative performance by dimension

RELATIVE PERFORMANCE

DESI Human Capital Connectivity Integration of digital Digital public services
technology

Slovenia EU average

Figure 216. Relative performance of DESI in Slovenia (EC, 2022)

Nevertheless, according to Statistical Office of RS (SURS, 2023a), companies are still
struggling with a lack of financial resources, management of operations are unable to adapt
quickly to changes in the environment and half of companies believe that digital transformation
is not necessary for successful business operations. The state is also responding to these
challenges as it is increasingly prioritizing the digital transformation of its economy and public
sector, which is reflected in its legal and regulatory framework and the Recovery and Resilience
Plan (RRP) (RS, 2021). The Digital Slovenia 2030 strategy (Ministry of Digital Transformation,
2023) will provide the overarching framework for digital transformation and integrate all sectoral
strategies. The Strategy for the Digital Transformation of the Economy 2021-2030 (Ministry of
the Economy, Tourism and Sport, 2022), adopted in January 2022, is also one of the reforms
of RRP. It focuses on advanced technologies such as artificial intelligence, the internet of
things, big data, blockchain, high-performance computing, quantum computing and 5G to drive
economic growth and competitiveness. Several measures have been taken to encourage
companies to adopt these advanced digital solutions. The Corporate Income Tax Act now
includes tax relief for investments in digital transformation, including cloud computing, Al, and
big data. The RRP also provides grants for investment in the digital transformation of industries
and businesses, targeting both large companies and SMEs. The Chamber of Commerce and
Industry leads the Ai4si initiative, which supports the implementation of big data and Al in
companies. The Slovenian Enterprise Fund offers digital vouchers of up to 10 000 € to over
4 300 SMEs to prepare their digital strategy, improve their digital skills and increase
cybersecurity. It also provides grants of 100 000 € for the digital transformation of up to 480
SMEs. SPIRIT Slovenia, a public agency, offers grants of up to 30 000 € for SMEs using digital
tools to operate internationally (EC, 2022).
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2.2. Wood and Furniture Industry in Slovenia

Based on the business indicators for 2022 of the Chamber of Commerce and Industry in
Slovenia (GZS, 2023), the wood processing sector (C16 - Manufacture of wood and of products
of wood and cork, except furniture; manufacture of articles of straw and plaiting materials),
comprises a total of 621 legal entities excluding sole proprietorships (Figure 3). This includes
415 (66.83%) micro companies, 173 (27.85%) small companies, 27 (4.34%) medium-sized
companies and 6 (0.97%) large companies. Together, these companies employ a total of 8 052
people.

Number of companies and employees in the wood industry, excluding sole proprietorships, in Slovenia

800 o 0
@
g &
= 0 5
£ 600 =
< ° <
o) i
o 3000 w
w o)
o 400 &
g : w £
B o =
o
=P
2 ° ° 1000 =
e ¢ . »
—
0 — 0
Micro Small Medium Large
(1-9 employees) (10-49 employees) (50-249 employees) (250+ employees)
Total number of companies 715 217 36 8
=== Number of companies in C31 300 104 9 2
Number of companies in C16 415 173 27 6
Number of employees in C16 841 2935 2407 1869
o Number of empl s in C3 677 3 1050 462
o Total number of employees 1518 4848 3457 2331

° Total number of employees

Figure 3. Number of companies and employees in the wood and furniture industry, excluding
sole proprietorships, in Slovenia (GZS, 2023)

The furniture manufacturing sector (C31 - Manufacture of furniture), consists of a total of
415 legal entities excluding sole proprietorships. This includes 300 (72.29%) micro companies,
104 (25.06%) small companies, 9 (2.17%) medium companies and 2 (0.48%) large companies.
These companies employ a total of 4 102 people. Legal entities excluding sole proprietorships
in these two sectors together employ about 1.24% of the total working population in Slovenia,
which corresponds to 982 000 people in 2022 (SURS, 2023b).

3. DISCUSSION AND CONCLUSIONS

The data shows that the level of digitalization in wood and furniture companies in Slovenia
(Kropivsek & Groselj, 2020) follows the general index of the digital economy in Slovenia. This
means that digital adoption is relatively low and that the size of a company strongly influences
the degree of digitalization and related company plans for the near future. The integration of
Industry 4.0 into the business is complex and requires long-term strategic investments that are
more suitable for larger companies. Nevertheless, even simple, perhaps self-explanatory digital
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tools and solutions can have a big impact. As the sector is dominated by smaller companies,
the low level of digital adoption is understandable. Smaller companies often have limited
resources and may prioritize immediate operational needs over long-term strategic investments
such as digitalization. Another major hurdle to digital transformation is human capital, which is
even more pronounced in manufacturing companies, which have a relatively low-skilled
workforce. Therefore, the success of the sector's digitalization will depend on a coherent
government strategy and support for the adoption of digital technologies. Slovenia is tackling
the digital divide with a comprehensive strategy that includes legislative reform, financial
incentives and educational reform. The country is trying to create an environment that favors
all sizes of companies.

Woodworking processes can benefit significantly from Industry 4.0 (and 5.0) as advances
in robust sensors, computing power, communication infrastructure and smart algorithms now
enable effective control over the variability of wood. Real-time actions can be taken based on
the insights gained from the data (Ramos-Maldonado et al., 2021). In the context of investments
in information and communication technology, companies in the wood and furniture sector can
prioritize several areas: investing in cloud-based solutions that enable scalability, flexibility and
efficient use of resources; developing smart applications and conversational interfaces that
improve communication and user experience as well as offer personalized products; focusing
on the development of apps and smart things that enable the integration of smart devices to
optimize processes; recognizing the value of advanced materials, sensor technologies, smart
control systems and smart mechatronic tools, etc. In doing so, they should focus on the
importance of data as a foundation to create value for customers and gather their feedback to
understand how people use their wood products optimally and to ensure proper maintenance.

The diversity within the wood sector, characterized by companies producing a wide range
of products from different materials, targeting different markets and operating with different
levels of digital maturity and resources, makes it difficult to develop a one-size-fits-all strategy.
Companies should be aware that a successful digital transformation takes time and take a long-
term approach by developing a strategy that encompasses structures, people and processes
and appointing a leader who understands the big picture and leads the transformation
(DITRAMA, 2022). Companies that want to transform to Industry 4.0 to become more
sustainable, innovative and competitive must first assess their own digital maturity level to
understand which strengths they can already leverage and which business processes they
want or need to digitize.
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SUSTAINABLE BUSINESS DEVELOPMENT
AND ECOLOGICAL INNOVATION

Anna Satanova

Abstract: The aim of the presented paper is to point out the connection between the sustainable
development of the forestry company and ecological innovations, and at the same time to present
ecological innovations as an important determinant of the sustainable development of the company.
Every such business that wants to be environmentally friendly and prosper must implement innovations
that allow finding new ways of solving environmental problems by reducing the consumption of energy
resources and supporting sustainable economic activities. Next, the article deals with the analysis of
ecological innovations in the activities of small and medium-sized forestry enterprises in the Slovak
Republic. The strategic documents of all major international communities pay attention to the issue of
ecological innovations, which represent an important tool in the process of protecting the environment
and fuffilling the goals of sustainable development. In the same way, individual countries (including the
Slovak Republic) integrate the agenda related to the protection and development of the environment and
the support of ecological innovations into the main strategic goals of their development. That is why we
also focus on the future of the development of ecological innovations in the context of ensuring
sustainable development in the Slovak Republic. Achieving a climate-neutral, resource-efficient and
digital economy requires the full mobilization of small and medium-sized enterprises. This fact is also
pointed out by the Strategy for small and medium-sized enterprises for a sustainable and digital Europe,
the aim of which is to increase the number of small and medium-sized enterprises that engage in
sustainable business activities.

Keywords: forestry, enterprise, ecology, innovation, strategy, sustainable development, environment,

INTRODUCTION

Currently, the world is faced with the need to solve serious environmental issues and,
together with them, major social and economic challenges, including mainly problems such as
poverty, global economic inequalities and, more recently, threats arising from the global
coronavirus pandemic. As a result of them, the business environment is increasingly
characterized by constant and often even turbulent changes. Business entities trying to
maintain or strengthen their market position must necessarily respond appropriately and flexibly
to rapidly changing conditions, while they should perceive this nature of the environment as a
challenge bringing new opportunities on the way to their long-term stability and
competitiveness. The term sustainable development began to be used more intensively,
especially after the World Commission on Environment and Development published a report in
1987 known as Our Common Future. The report defines sustainable development as
development that meets the needs of the present without compromising the ability of future
generations to meet their own needs. The goal of sustainable development is to ensure long-
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term stable economic growth and environmental protection, which can only be achieved
through the integration of appropriate economic, environmental and social aspects in the
decision-making process. The current global framework of sustainable development is mainly
represented by the UN program "Agenda 2030 for sustainable development". It is the most
complex document containing the priorities of long-term sustainable development on a global
scale, which should serve as a guide in the creation of structural, economic and social policy
in individual countries. Sustainable development is an imperative today. At the company level,
this is a long-term trend and for its managers it should be an important factor in shaping the
vision and long-term strategy of achieving competitiveness.

1. SUSTAINABLE BUSINESS DEVELOPMENT AND ECOLOGICAL INNOVATION

Palenik et al. (2015) argue that growth in which the majority of the population participates
is a means of achieving sustainable and therefore stable and persistent growth. The
commitment to ensure sustainable growth and to leave no one behind ("to leave no-one
behind") is also declared in the UN General Assembly resolution adopted in 2015 under the
name Agenda 2030 (Transforming our world: the 2030 Agenda for sustainable development,
2015). Even Egelston (2013) perceives sustainable development as a holistic approach to the
relationship between man and the environment. The term sustainable development began to
be used more intensively after the World Commission on Environment and Development
(WCED) published the Brundtland Report in 1987, also known as Our Common Future. The
report defines sustainable development as development that meets the needs of the present
without compromising the ability of future generations to meet their own needs. Markova,
Lesnikova, KasCakova and Vinczeova (2017) define the concept of sustainable business
development as a comprehensive approach leading to the harmonization of economic growth,
environmental and social issues in the long term, which is focused on the strategy and
performance of the business. Porter and Kramer (2011) claim that the implementation of
sustainable development policy in companies increases their competitiveness and at the same
time contributes to the improvement of economic and social conditions in the communities
where such companies operate. ISO standard 14001 specifying the requirements for the
environmental management system in organizations was one of the significant manifestations
of the effort to actively minimize negative impacts on the environment. By 2020, this standard
was implemented in almost 350,000 organizations in 195 countries of the world. Currently, we
see that companies in developed as well as in developing countries are increasingly taking
sustainability aspects into account in their business activities (Bojnec, Tomsi¢, 2021).

The creation and introduction of ecological innovations is linked to the need to ensure the
sustainability of economic activities. Ecological innovations lead to the reduction of the impact
of economic activities on the environment and the rational and sustainable use of natural
resources, and therefore can be considered an important factor in solving problems related to
natural resources, energy security and climate change. Regarding the economic dimension of
the sustainable development of the enterprise, the goal of ecological innovations is to reduce
energy and material costs, to increase the competitiveness of the enterprise, its productivity
and profitability through the rational consumption of resources and through access to products,
technologies and markets that are more environmentally friendly.
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According to O'Hare et al. (2014) ecological innovation refers to the development and
application of a business model that is shaped by a new business strategy that includes
sustainability in all business operations based on the life cycle in cooperation with partners in
the entire value chain. In Japan, eco-innovation is at the core of Japan's Strategy for a
Sustainable Society in the 21st Century (OECD, 2008c).

2. ECOLOGICAL INNOVATIONS IN THE ACTIVITIES OF SMALL
AND MEDIUM-SIZED ENTERPRISES IN THE SR

As a member country of the European Union, Slovakia is interested in implementing the
main objectives of the EU's environmental strategies into national policies. In Slovakia, the
issue of environmental protection and ecological innovations is elaborated in strategic
documents of several departments of the state administration. The dominant role in the process
of transforming the economy into a green economy is held by the Ministry of the Environment
of the Slovak Republic, but the area of ecological innovations also affects the Ministry of the
Economy of the Slovak Republic, the Ministry of Agriculture and Regional Development of the
Slovak Republic, the Ministry of Education, Science, Research and Sports of the Slovak
Republic and the Ministry of Transport.

According to the results of the Eco-Innovation Scoreboard, in 2019, Slovakia achieved a
total value of the eco-innovation index of 62, placing it in 23rd place among the 28 EU member
states. A score of 62 means that Slovakia's overall eco-innovation performance is 38% below
the average level of EU member states. The calculated value of the eco-innovation index
expresses by how many % the value of the indicator is lower (higher) compared to the EU
average, which represents a value of 100%. When determining them, the OECD "Distance-to-
Reference" methodology is used (Eco-Innovation Observatory, 2018b). Eco-innovation inputs
and eco-innovation outputs appear as the weakest components of the aggregated eco-
innovation index in Slovakia. This is mainly due to the low share of public spending on science
and research directed to the environment and energy. In 2019, eco-innovation inputs
represented only 26% of the average of EU countries. We can positively evaluate the fact that
Slovakia exceeds the vast majority of EU countries in the number of companies that have
implemented an environmental management system (ISO 14001) (proportion of Slovakia: EU
average = 2.45). This indicator contributed positively to the overall value of the Eco-innovation
activities component.

An important group of subjects influencing Slovakia's eco-innovation performance is
represented by small and medium-sized enterprises, where we also include forestry
enterprises, which play an important role in the country's economy. According to data from the
Slovak Business Agency (2020), small and medium-sized enterprises in Slovakia make up
99.8% of the total number of business entities, provide job opportunities for almost 72.7% of
the active workforce and participate in 55% of gross production and creation of added values.
Their involvement in eco-innovation activity significantly affects the overall eco-innovation
performance of the country.

The results of the survey show that small and medium-sized enterprises of the Slovak
Republic, which implemented at least one of the mentioned eco-innovation activities, financed
their implementation mainly from their own funds. Evaluating the involvement of small and
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medium-sized enterprises in eco-innovation activities requires identifying the main motives and
barriers determining their eco-innovation activities.

Table 1 Share of small and medium-sized enterprises implementing eco-innovation activities (%)

eco-innovation activities of the EU SR EU SR
Waste minimization 65 44
Energy saving 63 58
material saving 57 43
Water conservation 47 45
recycling and reuse of material 42 35
or waste in the enterprise

Proposal of a new product design that is easier to maintain, repair or 25 14
reuse

Use of renewable energy sources 14 5

Source: Processing based on data from Euroflash Barometer 456 - EU, 2018

The first comprehensive survey on the motives of eco-innovation activity of small and
medium-sized enterprises was conducted in EU member countries in 2011.
The results of the questionnaire survey showed that small and medium-sized enterprises
stimulate the introduction of eco-innovations within their business activities in particular:

- high energy prices,

- expected/anticipated future growth in the price of energy,
- good business partners (in this context, we see a connection between the motives of eco-
innovation activity and the entities with which companies cooperate in the implementation of
eco-innovations).

Barriers, or obstacles, are factors that negatively affect the eco-innovation efforts of
companies. The following table shows the result of the survey in this area.

The overall results of the survey confirm the importance of professional knowledge
necessary for the implementation of eco-innovation activities.

In a separate question, the companies indicated the forms of aid they consider important
from the point of view of supporting eco-innovation activities (table 3).

Tabl. 2 Share of smalland medium-sized enterprises that identified the mentioned barriers as
key for the implementaation of eco-innovation activities (%)

Barriers to eco-innovation activities EU SR
Difficulty of administrative and legal procedures 33 30
Cost of eco-innovationactivities 24 12
Difficulty of implementing environmental legislation in the company 22 14
Lack of professional environmental expertise 20 8
Difficulty of technical requirements for implementation 20 8
Insufficient demand for eco-innovation products and services 17 9
Insufficient supply of required materials 14 8

Source: Processing based on data from Euroflash Barometer 456 - EU, 2018.

210




17t International Scientific Conference WoodEMA 2024
GREEN DEAL INITIATIVES, SUSTAINABLE MANAGEMENT, MARKET DEMANDS,
AND NEW PRODUCTION PERSPECTIVES IN THE FORESTRY-BASED SECTOR

The overall results of the survey confirm the importance of professional knowledge
necessary for the implementation of eco-innovation activities.

In a separate question, the companies indicated the forms of aid they consider important
from the point of view of supporting eco-innovation activities (table 3).

Tabl 3 Share of small and medium-sized enterprises that identified the mentioned forms of aid
as the most important (%)

EU SR
Grants and financial support 36 28
Consultation on how to improve eco-innovation activity in the 23 17
company
Explanation of new technologies and processes 22 16
Advice on finding options and financial planned eco-activities 22 10
Cooperation between enterprises within the sector 20 14
Database of case studies on eco-innovation activities 15 10

Source: Processing based on data from Euroflash Barometer 456 - EU, 2018.

It can be concluded that small and medium-sized enterprises in the Slovak
Republic, including forestry enterprises, encounter several barriers to eco-innovation.
Identification of barriers to eco-innovation activity is the first step and prerequisite for
overcoming them.

We can also say that Slovakia has significant reserves in the implementation of eco-
innovations in business practice. Compared to the average of EU countries, small and medium-
sized enterprises of the Slovak Republic show a lower involvement in eco-innovation activities.
To increase the involvement of small and medium-sized enterprises in eco-innovation activity
requires, on the one hand, to increase the involvement of small and medium-sized enterprises
themselves, on the other hand, an important factor that determines the eco-innovation activity
of small and medium-sized enterprises is the policy of supporting eco-innovations.

3. CONCLUSION

Small and medium-sized enterprises and forestry play a key role in ensuring sustainable
development, which would not be possible without their involvement. The policy of sustainable
development focuses on eco-innovations in many areas. Eco-innovations reduce material
requirements, use closed material flows, or create use of new materials. At the same time, they
focus on reducing energy requirements, create or they use alternative sources of energy,
reduce total emissions into the environment or existing environmental burdens and health risks
while generally supporting the idea of a healthy lifestyle and sustainable development. The
positive effects of ecological innovations are manifested in all aspects of the sustainable
development of the company
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SUSTAINABLE MANAGEMENT OF FOREST-BASED
RECREATION IN BULGARIA

Petya Ivanova

Abstract: The integration of the concept of sustainable development into different spheres of economy
and public life has engaged professionals in recent decades. Recreation in the forest areas has an
aesthetic, therapeutic and prophylactic function, and these characteristics make it particularly relevant
given the increased demand for healthy tourism products. Green spaces have become one of the few
sources of sustainability during the coronavirus crisis due to their restorative impact on the
psychophysical health and well-being of the community. In this present environment, in addition to
improving the health status of visitors, the sustainable management of forest-based recreation has the
potential to contribute to rural development. Consideration of demand patterns and an adequate supply
of forest-based recreation improves the quality of forest-based recreation planning, site design and visitor
satisfaction.

This paper contributes to the development of frameworks and tools to support the sustainable
management of tourism in forest environment as a socio-ecological complex adaptive system with
multidimensional and interdisciplinary influences.

Keywords: sustainable development, forest area, recreation,

1. INTRODUCTION

Forests have always been a place where people satisfy their need for contact with nature,
and the coronavirus pandemic has enhanced the importance of forests as a place for
recreation. The growing trend for nature tourism and nature-based health-enhancing services,
provided that environmental capacity and relevant legislation are respected, represents an
opportunity to accelerate the green transition of the tourism sector (European Commission,
2024). In addition, sustainable management of recreation in forest environments provides
significant opportunities for rural income and for improving the well-being of local populations,
while promoting biodiversity conservation and carbon reserves storage?.

The development of sustainable tourism models has been widely discussed in the
economic literature. The demand for nature tourism has grown in recent years and there is a
need for adequate planning and management tools, including innovative projects. (Filipova &
Yuleva-Chuchulayna, 2020).

The challenges of managing sustainable tourism are compounded when it involves
development opportunities that require local community support and the management of
natural resources that are usually public goods. This necessitates an analysis of the links
between sustainable tourism models and forest landscape management. Proper management
of public goods can lead, on the one hand, to satisfying demand and, on the other hand, to
creating opportunities for sustainable development of the environment.

2 One of the 17 Sustainable Development Goals formulated by the United Nations is to conserve life on land. Goal
Ne15is “Life on Land”, Indicator 15.1.2 is “Sustainable forest management“.One of the ways to achieve this goal is
to exploit the tourism potential.
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2. MATERIALS AND METHODS

The method used is of document research on existing and accessible sources of
information such as: planning and strategic documents, statistical sources, normative
documents and scientific publications. On the basis of content analysis, essential
characteristics of the sustainable management of recreation in a forest environment are
derived. The survey method is used to identify the preferred ways of recreation. The results of
the studies are systematized in a SWOT analysis of forest-based recreational tourism in
Bulgaria. The generalizations and analyses are carried out using general scientific methods
such as analysis and synthesis, induction and deduction, etc.

3. DISCUSSION AND ANALYSES

3.1. Forest-based recreation (FBR) — dimensions

Modemn tourism demand. The author's empirical research on changes in recreation
preferences after the lifting of restrictions from the coronavirus pandemic shows an increased
desire of people to spend time outdoors (56% increase hours outdoors, 38% have no change
and only 6% register decrease). The strongest increase is in the following activities: enjoying
nature (73%) and hiking (71%). The respondents’ answer to the question about the changed
behaviour after the pandemic, is: there is an increased assessment of the health benefits of
recreation — 32.4%; appreciation of the importance of nature and respect for its protection
increase — 48.5%; people avoid crowded places — 51.5%. The data strongly indicate that the
demand for recreation in a forest environment is a topical modern trend. Recreation through
forest ecosystems is part of the recreation through natural resources and it has both
environmental and health dimensions.

Health benefits. In addition to providing fresh air, clean water and other ecological
environment conducive to human health, forests can also secrete various plant essences, also
known as phentermine, which have various physiotherapeutic properties such as antitumor,
lowering blood pressure, relieving pain and improving human immune function (Yau & Loke,
2020). Scientific research has identified a number of health benefits that can be derived from
recreational activities in the forest for visitors. These benefits include improving physical and
mental health by stimulating brain activity and autonomic activity, alleviating anxiety and stress,
and recovering from attention fatigue (Song, Ikei, & Miyazaki, 2019). Forest-based recreation
also enhances creativity, improves sleep quality and strengthens memory (Schuh & Immich,
2022), (Huang, 2022).

The health benefits of different forest types vary greatly depending on the tree species,
their height, density and age. Coniferous and deciduous mixed forests are considered the most
suitable species for forest-based recreation and remedial activities, followed by subtropical
broad-leaved evergreen forests. Forests with high numbers of dead or senescent trees are not
suitable for FBR because these trees have reduced or lost photosynthesis, resistance to
pathogens, and the ability to provide oxygen, phytoessence, and negative oxygen ions
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(Tomalak, Rossi, Ferrini, & Moro, 2010).The quality of the forest ecological environment is
related to valuable landscape (scenery, seasonality).

On the one hand recreational effects depend on the forest ecological environment and,
on the other hand - on the behaviour of the visitors and the qualifications of the guides. As a
model of eco/rural tourism, guides play a key role in tourist satisfaction. Their professional
qualities make a significant contribution to the effectiveness of the FBR. Also, the quality work
of guides is decisive for the behaviour of tourists, as they play a guiding and protective role in
preventing conflicts and reducing the likelihood of possible risks.

Risks for tourists. They can be caused by the environment: infectious diseases from insect
bites, injuries from animals, harmful plants, natural disasters. Safety challenges caused by
tourists are related to careless behaviour, unsanitary eating environment, poor equipment,
presence of allergies, accidental injuries.

Risks for ecosystems: climate change and anthropogenic damage. Climate change
can lead to extreme natural phenomena and extreme temperatures. The frequency and
intensity of these natural disasters depend on weather and climate, and an unstable climate is
associated with new natural disasters that affect the landscape, biodiversity and invasive forest
species. Among the anthropogenic challenges is environmental damage, including disruption
of forest ecosystems, reflected in the reduction of biodiversity, loss of species, destruction of
natural habitats and increased pollution from waste, sewage, noise, efc. It can lead to negative
effects on the soil (erosion, damage to the habitat of living organisms, reduction of
attractiveness); plants (loss of species, reduction of diversity, deterioration of quality); animals
(disruption of their way of life, loss of species); gradual depletion of natural resources.
Anthropogenic disturbances are widespread and difficult to control. Overcrowding of visitors,
the use of means of transport, construction of infrastructure can directly or indirectly harm the
forest ecosystem. People’s personal hygiene habits and their attitude towards the forest are
also a significant factor.

3.2. Sustainable management of recreational tourism
in the forest territories of Bulgaria

Good tourism planning can prevent, in addition to the risks mentioned above, a
number of negative effects related to the destruction of natural and cultural heritage, changes
in the structure of the local economy, the values in the culture of the local population and the
cultural landscape. Near the forest areas there are small settliements with an aging population.
The local community providing tourism services — accommodation, food — needs support. A
good example is Japan, where a forest therapy programme is established as a means of
revitalizing remote forest communities and a business opportunity for rural areas (Ohe, Ikei,
Song, & Miyazaki, 2017).

In Bulgaria, there is an established bed base for rural tourism, but it is too
heterogeneous in terms of quality and accessibility. Ecotourism occupies fifth place among the
types of tourism with a relative share of 4.2% (Ministry of Tourism Republic of Bulgaria, 2024).
The leading factors when choosing ecotourism in Bulgaria are: beautiful nature, fresh air
(54.1%); natural attractions (17.1%); diversity of plant species (15.0%); tranquility (12.7);
diversity of animal species (11.8%) (Strategy for sustainable development of tourism in Bulgaria
2014-2030, 2024).
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Figure 1. Land use distribution of the Republic of Bulgaria, 31/11/2022
Source: National Statistical Institute; https://www.nsi.bg

Forest territories in Bulgaria occupy an area of 37,054.27 sq km of the total territory of
the country — 110,996.71 sq km according to data of the National Statistical Institute as of
31.12.2023 (National Statistical Institute, 2024). In relative terms, this represents more than a
third of the country’s total territory (see Fig. 1).

In terms of biological diversity, Bulgaria ranks second among the countries in Europe.
There are more than 12,360 species of plants, of which 763 species are in the Red Book of
Bulgaria. There are approximately 750 medicinal plants. There are 27 thousand species of
invertebrate fauna, 750 species of vertebrates, of which 397 species of birds, 207 species of
freshwater and Black Sea fish species, 94 species of mammals, 52 species of amphibians and
reptiles.

Three national parks have been created in the country — “Pirin” (UNESCO), “Rila”,
“Central Balkan”, as well as 11 natural parks and 89 reserves (17 have been declared biosphere
according to the UNESCO programme). There are 2234 natural attractions on the territory of
the country. Two of the natural sites — “Pirin National Park” and “Srebarna” reserve, are included
in the UNESCO list of World Natural Heritage. Four of the reserves have been declared
important wetlands under the Convention on Wetlands of International Importance. Twenty-two
sites have been designated by Birdlife International as important bird habitats in Europe. In the
mountains there are marked trails with a total length of over 37,000 km.

International long-distance paths pass through the territory of the country — the final
section (Kom - Emine) of the E-3 European path, the E-4 European path — “Vitosha - Verila -
Rila - Pirin” and the E-8 European path - “Rila - Rhodopes”.

The conducted studies on the conditions and requirements for sustainable
management allow us to systematize the strengths, weaknesses, opportunities and threats to
the development of tourism in forest areas in Bulgaria, presented in Table 1.
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Table 1. SWOT analysis of tourism in forest territories in Bulgaria

Internal environment

Strengths

Weaknesses

e natural resources

o European financial instruments

e superstructure for rural tourism

e demand for healthy tourism products

e Bulgaria is included in the European Forest
Fire informantion System (EFFIS)

o lack of a comprehensive tourism product
e poor tourism infrastructure

e coordination and  synergy
stakeholders

o marketing strategy for offering this kind of
tourism

e not sufficiently good strategic
management; illegal actions (felling)

between

forest

External environment

Opportunities

Threats

e improving access to funding from European
programs

e sustainable use of the potential of natural
resources, landscape and biological diversity for
people’s recreational purposes

e building of infrastructure for tourism in the
forest territories, taking into account the carrying
capacity of the resource

o information provision

o tourism planning

o promoting FSC certification

o climate changes

o the economic situation in the country

o risks of natural disasters, fires, contagions,
etc.

e unsustainable management of tourism in
forest areas and disruption of ecosystems

e poor tourism service — deteriorated age
structure, professional qualification, tailored to
the specifics, etc.

4. CONCLUSION

There is a current trend of an increased demand for recreation in nature under the
influence of a number of factors. In Bulgaria there are conditions for offering FBR. To ensure
the sustainability of forest-based tourism and maximize its benefits, it is necessary that the
management exploits the strengths and opportunities and reduces the threats.

Due to the sensitivity of the forest environment to human intervention, the development
of this type of tourism must take into account the limitation of the load capacity of the resource.
Preserved forests underlie the recreational impact, and this is also an important means of
dealing with climate change — a significant modern problem of sustainability. Having intelligent
monitoring can provide timely information about the recreational environment which is to
prevent the threats to the resource and to the health of tourists.
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PREVENTING DEFORESTATION AND FOREST DEGRADATION VIA
LEGAL MECHANISMS - CHALLENGES AND PERSPECTIVES

Mariela Deliverska

Abstract: Forestry is one of the sectors where attention is needed to ensure achievement of mitigation
and adaptation targeting prevention of deforestation and forest degradation. Causes of deforestation are
complex, varying across countries and often are being affected by different social, cultural, and
macroeconomic conditions. Existing threats to the world's forests provide some of the major sustainability
challenges of our time. Deforestation is a major cause of biodiversity decline which requires planning of
complex strategic actions and providing specific measures for achieving biodiversity conservation.
Planning and monitoring forest and land-use activities could not be solidly achieved by applying individual
measures without taking into account the possibilities of setting, implementing and achieving targeting
goals. Legal and financing mechanisms, as well as policy measures could serve as support to national,
regional and international forest planning efforts, including support to reduce of risk of direct negative
impacts to forests.

Keywords: regulatory framework, legal mechanisms, prevention, deforestation

Deforestation and forest degradation is a significant problem emphasizing its profound
impacts on the environment, society, and economy. When facing such problem, which has
potential to provide massive negative impact and could provide some of the major sustainability
challenges of our time, main focus should be placed on the role of legal framework as essential
instrument for prevention of deforestation and forest degradation as well as support ecological
conservation.

Establishing and applying legal mechanism in the scope of preventing deforestation and
forest degradation is not an easy task especially considering that causes of deforestation are
complex, varying across countries and often are being affected by different social, cultural, and
macroeconomic conditions. There are numerous obstacles to the successful application of legal
measures such as laws and global agreements. Some of the challenges include specifics in
enforcement, reconciling the rights of local and indigenous communities with developmental
objectives, and shortcomings within the current legal systems.

1. ESSENCE OF LEGAL MECHANISM ENFORCEMENT

Utilizing legal frameworks is essential for effectively preventing deforestation and forest
degradation due to several key reasons, including regulatory enforcement, promotion of
sustainable practices, protection of community rights and fulfillment of international obligations.

Legal systems enable the enforcement of rules designed to protect forests. They set
boundaries on land use, govern logging activities, and prescribe penalties for illegal
deforestation activities, which help prevent detrimental practices.

Promotion of sustainable practices is essential as legal structures could support the
implementation of sustainable forest management that balances environmental, societal, and
economic needs. This may include advocating for responsible harvesting techniques,
preserving biodiversity, and ensuring that forest resources are used in a way that benefits both
local communities and the environment.
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Legal mechanisms are critical in defining and safeguarding the rights of indigenous and
local communities who rely on forests for their livelihoods. Recognizing these rights legally
empowers these communities to sustainably manage their resources and defend their lands
from external encroachments.

Through legal means, countries can adhere to international environmental and climate
agreements, such as the Paris Agreement and the Convention on Biological Diversity.
Implementing international environmental and climate agreements through national laws
makes them more actionable. Legal frameworks must ensure that forest conservation efforts
are coordinated and consistent across various government levels and sectors, aligning local
actions with broader national and international objectives. This requires specific policy
coordination.

Legal frameworks are fundamental to forest protection because they establish
enforceable regulations, encourage sustainable management, secure community rights,
uphold international commitments, facilitate coordinated conservation activities, and guarantee
the sustainability of conservation initiatives. These aspects underscore the significance of legal
systems in effective environmental governance and forest protection strategies.

European Union legal framework for preventing deforestation and forest degradation
requires essential intersectoral coordination and international collaboration. Forest degradation
and deforestation along with environmental challenges often are caused by complex factors
and dealing with existing threats to the world's forests extend beyond national borders, making
international collaboration vital. Legal integration should be in line with regional and global
environmental standards and agreements, as at the same time legislation needs to be flexible.

EU Timber 8 Prohibits illegal Mandates due
X timber in the EU diligence by
Regulation market. operators.
Forest Law Voluntary Forest Law
Enforcement \ Partnership Enforcement,
’ Agreements with Governance, and
Governance, timber-exporting Trade licencing to
and Trade countries. certify lagal timber.
Integrates forestry Promates
EU Forest with biodiversity, sustainable forest
Stmtegv climate action and it
rural development. LL L Ly
Land Use, Land
Int tes land
Use Change and Nyttt te] Reauires greenhouse
Forestry climate framewark. R
Regulation
Natura 2000 Emsures
Network and \, Protects significant management for
Habitats habitats, including blodiversity
D_ Ct forests. conservation.
irective

Figure 1. EU Legal Framework for Preventing Deforestation and Forest Degradation

Combat forest degradation and deforestation may involve very specific and complex
approach to be applied as legislative context and implementation requires to consider elements
such as diversity, enforcement challenges, specific climate issues, forestry sector
developments, etc.

Analysis focusing on the legal mechanisms used in Europe, with a specific emphasis on
Bulgaria, to combat deforestation and forest degradation reveals that Bulgaria and Europe have
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substantial legal frameworks in place and are able to address deforestation issues even though
Bulgaria does not have its own specific legal act strictly related to deforestation.

Bulgaria has adopted a National Climate Adaptation Strategy and 2023 Action plan, as
the country’s strategy outlines climate changes risks and vulnerabilities of multiple sectors. By
the end of 2023 a Strategic plan for development of the forest sector in Bulgaria has been
applied, as it classifies and identifies activities aimed to achieve objectives focusing to activities
in accordance with the principles of sustainable forest management, reducing deforestation.

Bulgaria, renowned for its diverse ecosystems and vast forested areas, is grappling with
significant deforestation issues that threaten its ecological stability and conservation efforts.
Deforestation in Bulgaria is driven by multiple factors such as illegal timber harvesting,
agricultural development, construction activities and also wildfires. The impact of these
deforestation activities includes the loss of animal habitats, diminished biodiversity, and
disruption of natural processes such as water regulation and carbon storage, which can
exacerbate climate change effects.

The nation's involvement in the European Union’s Natura 2000 network is crucial to its
strategies for mitigating these environmental challenges. Numerous areas within Bulgaria are
designated under Natura 2000, protecting a substantial portion of the country’s forests. Such
protected areas are vital for the conservation of diverse species, including some that are
endemic or critically endangered. Management of these areas adheres to stringent guidelines
designed to balance human activities with the need for ecological preservation. Being part of
Natura 2000 provides Bulgaria with access to EU funds and expertise, which help in managing
protected areas and addressing deforestation.

Bulgaria continues to enforce its environmental laws and expand protected areas under
the Natura 2000 framework. However, challenges such as the need for stronger enforcement
mechanisms, balancing economic development with environmental conservation, and ensuring
adequate funding and resources remain. These efforts require persistent dedication and
collaboration at both national and European levels to safeguard Bulgaria’'s natural heritage
while tackling deforestation effectively.

2. REGULATORY MECHANISM INTRODUCING EU DUE DILIGENCE REGULATION

The EU Due Diligence Regulation (EUDR) is a critical legislative initiative aimed at
curtailing deforestation and forest degradation associated with certain commodities entering
the EU market. The EUDR mandates stringent due diligence protocols for companies importing
products like soy, beef, palm oil, wood, cocoa, and coffee, which are often linked to
deforestation. This regulation ensures these commodities are procured in compliance with the
legal standards of the production country, including environmental laws.

Regulation (EU) No. 995/2010 also known as EU Timber Regulation (EUTR) prohibits
illegally harvested timber from being placed on the EU market, and sets out preconditions for
the marketing of timber and timber products in the EU. This is part of a wider legislative
framework which the European Commission considered to only partially address deforestation.
By development of the legal framework the EU Timber Regulation has been repealed by
Regulation (EU) 2023/1115 adopted by the co-legislators on 31 May 2023 - aimed at tackling
deforestation and forest degradation driven by the European Union (EU). At European union
level the new EU Deforestation regulation will apply in full as of December 30t 2024. Coming
into force the new regulatory policies will definitely affect the European forestry market.
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Detailed analyses of the regulatory mechanism reveal its complex structure implementing
legislative norms related not only to due diligence, but also to product checks and control
regulations, human rights protection challenges management and penalties enforcement
procedures.

Product checks Due diligence

Regulation 2023/1115 on
deforestation — free
products

Human rights Penalties

Figure 2. Fighting deforestation and forest degradation — EU Regulatory Mechanism

Key mechanisms of the European Union Due Diligence Regulation in combating
deforestation involves mandatory due diligence, supply chain transparency, risk management,
regulatory oversight and international support. Companies must prove their products and are
legally sourced according to the laws of the origin country, especially those concerning forest
conservation. Companies are required to keep comprehensive records about their supply
chains to enhance transparency and allow verification of product origins and compliance with
environmental standards. They must evaluate the potential risks their supply chains pose to
forests and take steps to reduce these risks, potentially by switching suppliers or promoting
sustainable methods. In regards to regulatory oversight the EU introduces enforce compliance
through routine reporting and auditing, with potential penalties including fines or market access
restrictions for non-compliance. The regulatory mechanism introduced into the EU legal
framework requires implementation of provisions for aiding producing countries in improving
their environmental governance and collaborating with them to uphold forest protection laws.

Furthermore, the strategies and frameworks of the EUDR could be adapted for global
application to more effectively combat deforestation and forest degradation. Implementing
similar regulations worldwide could establish a unified standard for deforestation-linked
products, significantly enhancing their impact. International agreements and cooperative efforts
could reinforce the enforcement of such regulations, addressing deforestation and forest
degradation more comprehensively. These adaptations could position the EUDR as a blueprint
for other countries and regions, aiming to cultivate a sustainable global trading system that
prioritizes the conservation of natural forests.

3. CROSS-SECTORAL LEGAL INTEGRATION FOR FOREST CONSERVATION

Sectors traditionally viewed as unrelated to environmental impact, like finance and trade,
need also to implement regulations that take ecological consequences into account. Effective
forest conservation necessitates that environmental concerns could be integrated into all
industrial and developmental policies. Implementing effective cross-sectoral legal integration
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for forest conservation involves harmonizing policies and regulations across various sectors
impacting forest management. This ensures that development and conservation efforts are
aligned.

Cross-sectoral integration of measures targeting forest conservation includes
differentiated approach and multilevel coordination as activities involve specifics directed to
policy development and legal framework establishment. Coordinated institutional efforts are
required to be put forward, as engagement of all stakeholders are also required within the
process of cross-sectoral legal integration. The success of this entire process involves an
engagement of a broad array of stakeholders, including community groups, NGOs, industry
leaders, and researchers. Adopting relevant approach requires solid commitment from political
leadership, adequate funding, and dedication to long-term environmental sustainability.

Results of integrating legal frameworks across sectors could result to consolidated
regulations. A key result is the creation of consolidated regulations that bring different sectors
like agriculture, mining, and construction into alignment with forest conservation objectives.
This involves formulating laws that dictate land use and promote sustainability.

Integrating legal frameworks leads to more effective enforcement and compliance
mechanisms, enhancing adherence to laws related to deforestation and conservation. This
might include coordinated efforts across various regulatory authorities.

Promoting partnerships between government and the private sector can lead to innovative
approaches to managing forests sustainably and developing responsible supply chains.

Successful integration often highlights the importance of involving local communities in
conservation efforts, acknowledging their rights and leveraging their traditional knowledge in
sustainable forest management.

Adopting cross-sectoral strategies often includes the use of advanced technology for
improved monitoring and enforcement, such as using satellite imagery and blockchain for
tracking supply chains.

Cross-sectoral integration is essential and must continually evolve to meet new
environmental challenges, economic shifts, and societal expectations to ensure effective and
lasting forest management.

4. CONCLUSIONS, CHALLENGES AND FUTURE PERSPECTIVES

Legal measures are essential in the global effort to combat deforestation and forest
degradation. These regulations, enacted on both national and international levels, aim to
protect crucial forest ecosystems, which support biodiversity and climate stability.

Properly structured and implemented, legal frameworks can greatly deter illegal logging
and other deforestation activities. Laws that enforce sustainable use of land, protect rights to
indigenous territories, and control land clearance can yield significant conservation results.
Successful legal interventions in forest conservation contribute to biodiversity preservation,
help combat climate change and support the economies of communities reliant on forests.

Legal measures to curb deforestation often collide with strong economic interests from
sectors like agriculture, logging, and mining. Balancing environmental sustainability with
economic growth remains a contentious issue. A major hurdle is the actual enforcement of
conservation laws. Challenges such as lack of funding, corruption, inadequate monitoring and
enforcement infrastructure, as well as lack of political commitment can undermine legal efforts.
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Legal frameworks frequently neglect to involve local and indigenous populations

adequately in policymaking, which can lead to opposition and weakened enforcement of forest
protection laws. Legal approaches should better incorporate local and indigenous communities,
who have intrinsic knowledge of forest ecosystems and can contribute to sustainable
management.

While there are significant challenges in using legal mechanisms to combat deforestation

and forest degradation, ongoing advancements and strategic innovations offer promising
solutions for more effective forest conservation worldwide. These initiatives require
collaborative efforts among governments, international organizations, community groups, and
the private sector to achieve lasting success.
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KNOWLEDGE AND PERCEPTION OF THE CIRCULAR ECONOMY
WITHIN SLOVAK FOREST-BASED INDUSTRY AND COMPARISON
OF CHOSEN INDICATORS IN SELECTED EU COUNTRIES

Marek Potkany, Petra Lesnikova, Jarmila Schmidtova, Méaria Osvaldova

Abstract: In many countries and organizations, policies and programs are being developed to support
the circular economy (CE) concept with the aim of reducing the negative impact on the environment.
Perception of CE may differ, and therefore the aim of the paper is to present the knowledge and
perception of the circular economy essence in Slovak forest-based industry. Moreover, the aim is also
the comparison of main CE indicators of V4 countries and Bulgaria. The origin of the indicators and their
subsequent use is the result of efforts to find solutions within the growing environmental burden, support
sustainability, and especially monitor the progress of their implementation for the CE concept.
Keywords: circular economy, perception, indicators, wood processing industry, V4 countries, Bulgaria

1. CIRCULAR ECONOMY AS A SUSTAINABLE PRODUCTION PERSPECTIVE

The gradual reduction of resources, their inefficient use and growing consumption
emphasize the necessity of implementing circular economy (CE), which helps the path to
sustainable development (Alivojvodic and Kokalj, 2024). For several years, terms such as
sustainable development, CE, bioeconomy or green economy have been used more and more
often. Itis possible to say that these are related concepts, but their perception may be different.
European Parliament (2023) defines the CE as “a model of production and consumption, which
involves sharing, leasing, reusing, repairing, refurbishing and recycling existing materials and
products as long as possible. In this way, the life cycle of products is extended. In practice, it
implies reducing waste to a minimum”. According to World Economic Forum (White Paper,
2023), the CE represents a $4.5 trillion opportunity by 2030. Its potential is therefore obvious.
From the point of view of the mentioned concepts, the green economy can be perceived as a
more general concept, taking into account that the CE and the bioeconomy are its components
(Gregorio et al., 2018). While the bioeconomy focuses on “using renewable biological resources
from land and sea, like crops, forests, fish, animals and micro-organisms to produce food,
materials and energy” (European Commission), CE deals with the efficient use of all resources
and the minimization of waste through recycling and reuse. Both approaches intermingle, their
common goal is achieving sustainable development. The synergy of these two concepts is
expressed in the term "circular bioeconomy", which can be defined “as the sum of all activities
that transform biomass for use in different product streams such as materials, chemicals,
biofuels, and food* (UNECE, 2021, p. 23). Several researches were focused on the perception
of CE, while stakeholders from various fields were addressed. An example is the research by
Geme et al. (2023), from which it follows that only 27% of respondents know the given term
and a little over 60% of respondents pointed out that they had only heard about CE and
understood only the basics of this concept. Similarly, Sitsema et al. (2019) confirms that
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respondents do not know the exact meaning of CE and ignorance prevails. Several indicators
are associated with CE. Their essence is the providing of measurement that allow monitoring
and evaluation of success and progress in the pursuit of CE objectives. Many organizations
deal with the issue of CE indicators, e.g.the Statistical Office of the EU (ec.europa.eu); OECD
(www.oecd.org); Ellen Macarthur Foundation (www.ellenmacarthurfoundation.org); World
Business Council for Sustainable Development (www.wbcsd.org).

2. DATA AND METHODOLOGY

The paper aim is (1) to evaluate the knowledge and perception of the concept of CE of
interested groups in the sector of the forestry and timber complex in the Slovak Republic; and
also (2) to compare selected CE indicators in the V4 countries and in Bulgaria. For data
collection related to the perception of the CE, a questionnaire survey was used. Data collection
took place in the period October 2023 - January 2024 in the Slovak and Czech Republic.

The data for analysis of selected CE indicators is drawn from the Eurostat database
(ec.europa.eu). Two indicators were analyzed in the paper. Circular material use rate (section
of Secondary raw materials) measures the share of material recycled and fed back into the
economy - thus saving extraction of primary raw materials - in overall material use. The second
indicator, Private investment and gross added value related to CE sectors (section of
Competitivennes and innovation) includes “Gross investment in tangible goods” and “Value
added at factor costs” in the recycling, repair and reuse and rental sectors. Interdependence
was investigated with the macroeconomic indicator GDP per capita adjusted according to
purchasing power. The objects of the analysis are the countries of the V4 group and Bulgaria
for the years 2011 to 2021. In the current study, the following hypotheses were set: H1:
Countries with higher private investment and gross added value related to CE sectors achieve
higher performance measured through GDP (in PPS) and H2: Countries with higher
performance measured through GDP (in PPS) achieve a higher circular material use rate.

To consider how the value of one variable varies with the value of another variable simple
regression and correlation analysis was applied. Regression coefficients of linear model

Y = by + b, X were estimated using the method of least squares according to the given

formulas:
Y XY-nXy = S
b1=wﬁ(1) b0=Y—bX(2)
b, - intercept, b; — slope, X — observed values of independent variable, Y associated
observed values of dependent variable, X, Y — their means, n — sample size.
The Pearson’s coefficient of correlation R defined as follows was used to assess the
degree of association between two investigated quantitative variables:

¥ XY —nXY

R =
\[ X2 -nx?)(XY2-ny?)

(3)

The coefficient of determination R? was finally calculated. It is a statistical measure that
provides information about how well the regression line approximates the actual data and is
expressed as the proportion of the variability explained by the model to the total variability. In
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hypothesis testing 5% level of significance was used as a decision rule. All analyses were
performed in statistical software STATISTICA 14.

3. RESULTS
3.1. Perception of the CE concept in the field of forest-based industry

When analyzing the knowledge and perception of the CE concept, the sample of
respondents consisted of 68.50% men and 31.50% women from a total number of 130. In terms
of age, the most represented categories were respondents aged 46-60 years (38.50%) and 31-
45 years (33.10%). Less represented categories were respondents aged 18-30 (16.60%) and
61 and over (11.50%). Most of them were university-educated respondents (86.20%),
secondary-educated respondents (13.10%) and only 1 respondent had a basic education. The
wood processing industry (32.31%) and forestry (24.62%) was the most represented. Other
areas were represented to a lesser extent: education (6.92%), paper industry (3.85%), and the
environment and so on. The results show that among the respondents, sustainable
development and circular economy are the more familiar terms, followed by bioeconomy, where
there was the highest frequency of ignorance of the term (Table 1).

Table 1. Comparison of knowledge of the CE term with other terms

| have heard the term and | know what it means

Circular economy Sustainable development Bioeconomy

Agree 95 (73.1%) 102 (78.5%) 63 (48.5%)
Partly agree 27 (20.8%) 26 (20.0%) 41 (31.5%)
Do not agree 8 (6.2%) 2 (1.5%) 26 (20.0%)

More university-educated respondents (89), and more men (66) than women (29), and
respondents aged 31-45 (33) and 46-60 (36) know the CE concept. The results also show that
most respondents understand the CE as an important part of sustainable development (104).
The compatibility of the CE with other economic concepts that are supposed to mitigate climate
change and improve adaptation to climate change is perceived by 95 respondents, 3 disagree.

Using the sample data, the relationship between indicator 1 and GDP per capita was
considered at first. The straight line that concisely summarizes the investigated depencence
was modelled and thereafter tested at 5% significance level. Detailed results of regression
analysis for Bulgaria and countries of V4 are presented in Table 2.

In the context of H1, in all cases significant positive linear relationship was indicated. The
lines of best fit for singe countries are illustrated in Figure 2. The steepest growth is observed
in Bulgaria with the biggest value of slop in regression equation Y=7 917.93 + 18,68*X. With a
unit change (one million Euro) of private investment and gross added value, the GDP increases
by an average of 18.68 units. Among the countries of the Visegrad Group, Poland stands out
of the rest with the value of the slope coefficient 2.08.
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3.2. Analysis of selected CE indicators of the V4 countries and Bulgaria

Figure 1 approximates the development of indicators as Private investment and gross
added value related to CE (indicator 1) and Circular material use rate (indicator 2).
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Figure 1. Development of the indicator 1 (left) and indicator 2 (right) over the analysed years
in the V4 countries and Bulgaria

Table 2. Results of simple linear regression analysis — Indicator 1 versus GDP per capita

Country Indicator Mean + St.Dev. N | Intercept | Slope | t-test | p-level
ge (A lesment g;gngﬁs‘g 10| 791793 | 1868 | 498 | 0001
SK Privateé’g’ssme”t 2043316?5551'2_0 10 | 16148.16 | 11.07 | 3.82 | 0.005
cz Privateé’g’ssme”t 2560718(5?0’11272473.5 10 | 1428455 | 1581 | 12.87 | 0.000
Hy e esiment 198&66?01225?635.7 10 | 13527.83 | 7.05 | 453 | 0.002
pL hete fussiment 132;353‘;%?2 10 | 1310081 | 208 | 450 | 0.002

Statistics determining the strength of the described relationships and the share of
variability explained by the linear model are given in Table 3. A positive linear correlation is the
strongest in the Czech Republic with correlation coefficient of 0.98. The value of the coefficient
of determination is therefore the highest too — 95% of the total variation of GDP can be
explained by the regression line. In linear model fitting the smallest values of R and R? were
calculated for Slovakia, where regression line explains 65% of the total variability of GDP.
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Purchasing power adjusted GDP per capita
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Figure 2. Line chart - the relationship modelled by regression line between variables Private
investment and gross added value related to CE sector and GDP per capita

Table 3. Results of correlation analysis — Indicator 1 versus GDP per capita

Country R R?
BG 0.87 76%
SK 0.80 65%
Cz 0.98 95%
HU 0.85 72%
PL 0.85 72%

The relationship between variables GDP per capita and indicator 2 (H2) was also
investigated in a similar way. From results presented in Table 4 significant linear relationship
were indicated in two countries — Slovakia and Poland - in both cases positive. With the unit
growth of GDP, the circular material use rate also grows, on average by 0.00005% in Slovakia
and 0,00002% in Poland. In the other countries, a significant linear dependence was not
observed (p>0.05). The results for Bulgaria could be considered as a boundary case (p=0.056).

According to the values of correlation coefficient R for the countries SK (R=0.79; R?=62%)
and PL (R=0.86; R?=74%), linear correlation in Poland was determined as strong (R>0,80) and
in Slovakia it was determined as medium size (R>0,70). The values R? reflect how well the
estimated regression lines fit the sample data. In the case of Poland, 74% of total variation is
explained by the linear model, for Slovakia the value of coefficient of determination is 62%.
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Table 4. Results of simple linear regression analysis —GDP per capita and indicator 2

Country Indicator MeantSt.Dev. | N | Intercept Slope t-test | p-level
BG Cir.m:t;.DuZe o 14 5162; 1201 18 34 10 1.27 0.00001 | 2.23 | 0.056
SK Cir.m:t;.DuZe o 21 32685;011928 10 0.91 0.00005 | 3.63 | 0.007
02 oD BIMEIED 40 | 241 | 0000005 | 072 | 0.490
HY oo RO 4o | 347 | 000004 | 457 | 04155
PL Cir.meﬁ%ie o 20 24&2206?78 10 213 0.00002 | 4.83 | 0.001

4. CONCLUSION

Currently, there is a significant trend in many research studies towards CE. This is
evidenced not only by the priority among topics within the EU, but also by the understanding of
the CE essence among survey respondents in Slovakia, whereas 73% of respondents know
the CE concept. Similar results are presented in the study by Geme et al. (2023). However,
there are still certain limitations. It is clear from the results of the survey that the respondents
understand CE as an important part of sustainable development, but a more precise essence
is still absent, which is also supported by the results of Sijtsema et al. (2019). From the point of
view of CE indicators, Poland shows the highest private investment value related to CE. In
conclusion, it can be concluded that countries with higher private investment related to CE
sectors achieve higher performance. Investments in technology, infrastructure and innovation
in CE areas can lead to more efficient use of resources, higher productivity and job creation
leading to higher business performance. Subsequently, countries with higher performance also
achieve a higher circular material use rate (significantly tested in PL and SK), which indicates
that a higher GDP also supports an increase in the share of material recycled and fed back into
the economy. These approaches thus support the transition from a linear model of the economy
to a circular model, support sustainability and especially strengthen environmental protection.
This is important in terms of access by the current generation and possible legacy to future
generations.
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PERSPECTIVES FOR THE DEVELOPMENT OF FOREST-BASED
BIOECONOMY FOR INCREASING SUSTAINABILITY IN BULGARIA

Damyan Kirechev, Velichka Marinova

Abstract: The bioeconomy is aimed at achieving important goals aimed at ensuring food security,
sustainable management of natural resources, reducing dependence on non-renewable resources,
mitigating and adapting to climate change. In recent years, the potential of the forest-based bioeconomy
to ensure competitiveness, diversification and sustainability of the economy has been increasing. The
forest-based bioeconomy is influenced by the availability of biomass, quality labour force, employment
and the structure of the economy, innovation uptake, etc. The study examines the potential of the forest-
based sector for the development of the bioeconomy in Bulgaria, in the context of the European Forestry
Strategy and the state of the forestry sector in the country. Emphasis is placed on the contribution of
forests to the circular economy, including the improvement of forest-based bioproduction, the use of
timber in construction and furnishing, and the supply of non-timber forest products. Conceptual options
for unlocking the potential of the bioeconomy through the creation of innovative wood-based products,
enhancing the resilience of the forest bioeconomy and climate adaptation and mitigation are explored.
Keywords: bioeconomy, circular bioeconomy, forest sector, sustainability, climate change.

1. THE FOREST SECTOR IN THE BIOECONOMY
1.1. Bioeconomy as a development strategy in the European Union

The 2018 EU Bioeconomy Strategy defines the bioeconomy as "those parts of the
economy that use renewable biological resources from land and sea, such as crops, forests,
fish, animals and micro-organisms, to produce food, materials and energy" (European
Commission, 2018). Today's European bioeconomy encompasses agriculture, forestry,
fisheries, agri-food, bioenergy and bio-products sectors. It generates an annual turnover of €2.3
trillion and employs around 18 million people. Although the bioeconomy already accounts for a
significant share of the EU economy, the strategy signals its potential to contribute even more
to the economy, more to society and more to the environment. A sustainable bioeconomy, while
beneficial for all, has particular relevance for rural communities (Branzova, 2019). The policy
impetus behind the bioeconomy is focused on job creation and retention; reduced emissions
and reduced reliance on fossil resources; a renewed and strengthened EU industrial base and
modernised primary production, as well as ecosystem restoration and enhanced biodiversity.

1.2. Prospects for the forest sector in the bioeconomy
The outlook for the forest sector is of great importance because of the impact the sector

has on the state of forests and the benefits they provide, such as forest products, energy,
employment, biodiversity, carbon cycling and water management. Without an understanding of
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the demand for forest products, it is very difficult to assess the impact that strategies and
policies may have on the forest sector or on society.

Forests can play an important role in promoting the local bioeconomy. They are the
dominant land use after agriculture and are the largest source of terrestrial biological resources
that do not compete with food production. They are the largest green infrastructure, provide a
large array of ecosystem services, and play a significant but undervalued role in the economy.
Significant synergies can be achieved through effective management, including reduced
wildfire risk, provision of ecosystem regulating services (e.g. erosion control, water regulation,
drought mitigation).

The forestry sector can play a key role in the development of a forest-based bioeconomy
if it can overcome its fragmentation and technological constraints, which particularly affect local
wood industries that are typically in low-value commodity market segments and are usually
decoupled from higher-value-added segments (e.g. wood structures) that typically depend on
imported wood and manufactured wood products. Closer collaboration between forestry and
agriculture is needed (Slavova & Doneva, 2022), to advance the bioeconomy.

Each sector faces specific hurdles that need to be identified and systematically removed,
so the critical question is not what can be made from forest biomass, but rather what will be
made, at what scale, where, and what will drive it? Creating an enabling environment for forest
bioeconomy development requires: 1) an engaged, well-informed public; 2) strong, reassuring
sustainability schemes; 3) adequate capacity for research, development and innovation; 4)
improved access to finance and capacity for risk-taking; 5) an enabling regulatory environment
capable of correcting current perverse subsidies and market externalities; 6) enhanced
collaboration along the value chain and across sectors; 7) a sustainable and well-functioning
biomass supply; and 8) a regional approach capable of creating economies of scale, making
the most of available natural resources and reflecting people's aspirations and regional
competitive advantages.

1.3. Role of the forest sector in the bioeconomy

The role of forests and the forestry sector is often seen as a supplier of timber, pulp, paper
and some bioenergy, which represent a small percentage of the economy (Kirechev,
Stoyanova, & Marinova, 2023). However, new technologies, business models and consumption
patterns are creating opportunities for the forest sector to make a much greater contribution to
sustainable development (R. & A., 2023).

The forestry sector is already undergoing major structural changes and diversification into
the production of advanced materials that can help transform key economic sectors such as
energy, construction and manufacturing (textiles, plastics, pharmaceuticals, cosmetics, etc.).
This knowledge-rich portfolio of current and future products will require specialised services
(design, research and development, consultancy, marketing, sales, etc.). (Ventsislavova
Georgieva & Popova-Terzyiska, 2023), which further multiply its economic impact. In addition,
forests provide key ecosystem services to society, such as cultural services (recreation,
ecotourism, hunting, health), regulating services (clean air, erosion control, climate mitigation)
and providing services (clean drinking water, non-timber forest products such as mushrooms
and berries). Forests can produce goods and services for the bioeconomy only if extreme
climatic events or unsustainable management do not alter their biological integrity. This two-
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sided contribution of forests to the bioeconomy and its feedback loops should be an important
element in the design of the circular bioeconomy (Turlakova, Slavova, & Georgieva, 2023).

1.4. Forest Capacity in Bulgaria and Forest Bioeconomy

According to the Bulgarian Ministry of Agriculture and Forestry (Ministry of agriculture and
food, 2023) the total area of forests and forest areas in Bulgaria at the end of 2022 is 4.27
million ha, of which 3.93 million ha are forested. The area of forest areas is 3.95 million ha, of
which 2.89 million ha (73.1%) are forest areas managed by state-owned enterprises, 172
thousand ha (4.4%) are protected forests and only 381 thousand ha (9.6%) of forest areas are
owned by individuals. The forested area is 3.92 million ha. The forested area in forest areas is
3.61 million ha. The distribution of the forest stock shows - 44% are coniferous forests, 31%
are high standing deciduous forests, 23% are coppice forests and 2% are low standing forests.
The general use of regeneration loggings and thinnings for the forest territories, carried out in
2022, amounted to 7,644,163 cubic meters of standing mass, which is equal to 94.5% of the
foreseen under the forestry plan (forest development project) 8,091,492 cubic meters of
standing wood. Of these, 3,880,949 cubic meters were from regenerative felling. The
implementation of the regenerative felling compared to the planned ones according to the
forestry plan (4,623,648 cubic meters) was 83.9%. 3,763,214 cubic meters were harvested
from thinnings, which was 108.5% of the one envisaged in the forestry plan (3,467,844 cubic
meters). The annual use in the forest territories - state property amounted to 5,943,365 cubic
meters of standing mass or 94.7% of the 6,278,419 cubic meters of standing mass. The annual
use of forests on agricultural areas is in the amount of 94,139 cubic meters of standing mass.

According to the Joint Research Centre (Joint Research Centre, n.d.) in 2021 in the
bioeconomy in Bulgaria the number of employees is 726.2 thousand and the added value is for
€ 5.5 billion. The turnover of the bioeconomy sector is almost € 18 billion. In the forestry sector,
the number of employees is 21.7 thousand (3%) and the value added is € 272.6 million (5%).
The turnover of the forestry sector is about 458,7 million € (only 2,5%).

2. CONTRIBUTION OF FORESTS TO THE CIRCULAR BIOECONOMY

The potential contribution of forests and forestry to the circular bioeconomy, sustainability
and competitiveness can be sought in many directions, and this study focuses on three key
sectors: 1) advanced forest-based bioproducts; 2) timber and furniture construction; 3) non-
timber forest products.

2.1. Products and technologies

Biotechnological materials from wood. The biotechnology revolution and the need to
tackle climate change, pollution and waste over-accumulation are creating the impetus for a
new generation of bio-based materials that will redefine the characteristics and limits of the
current forest sector. The opportunities for bio-based products are not limited to bio-textiles and
bioplastics. Wood is a major component in cellulose (35%-50%), hemicellulose (20%-35%) and
lignin (5%-30%), which are common natural polymers on Earth. With varying degrees of
engineering, solid wood can be used as a manufacturing material and energy feedstock. The
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woody components can be processed through various chemical routes and converted into
biotechnology products. The choice of fractionation, product recovery, purification and
conversion depend on the type of biomass and the target products.

Lignocellulosic biomass is well placed to play a significant role in replacing fossil-based
textile products because of the quality of the fibres that can be produced. Its environmental
footprint is much smaller than cotton (e.g., water, pesticides, competition for agricultural land).
Cellulosic fabrics already account for 7% of all fibres and demand is expected to grow
significantly over the next few decades. Addressing these environmental issues will create new
opportunities for the forest sector.

Currently, most biopolymers and building blocks are produced from plant sugars and
vegetable ails (first generation feedstocks) derived from specialty crops and, to a lesser extent,
agricultural or post-consumer residues. Lignocellulosic or second-generation feedstocks are a
promising source of sugars (cellulose, hemicellulose) because of their abundance and because
they can compete less with food production. However, lignocellulosic industrial technologies
still need time to mature to compete with better established sugars, starches and oils. Once
extracted, celluloses and hemicelluloses can be hydrolysed, becoming fermentable sugars that
can replace first-generation sugar feedstocks (e.g. corn, sugarcane, etc.) in the production of
biofuels, polymers, bioplastics and chemical building blocks. A second very active area of
interest is the engineering of microorganisms for fermentation tailored to specific feedstocks
and end products, which will open up new markets for highly specialised products.

Agricultural and forest biomass makes up to 30% of the mass and 40% of the energy
content of lignin. Lignin is a by-product of pulp mills. Contrary to what happens with cellulose
and hemicellulose, its structure varies from species to species (e.g. softwood vs. hardwood)
and also changes during fractionation.

Construction of timber. Greening the construction sector is a key challenge for
sustainable development. A more sustainable building sector requires increased use of low
embodied energy materials such as timber and cork, as well as improved environmental
performance (e.g. passive house standards) in new buildings and extensive retrofitting of older
structures. There are some drivers that are pushing for the renewal of timber buildings: there
is political momentum to develop a more sustainable building sector as a whole as part of the
energy transition; timber has inherent advantages; timber structures require relatively small
amounts of timber and new elevating work platforms can be developed based on many different
species and qualities of timber. The positive effects of developing a new way of building in small
and large cities based on timber resources will outweigh the expected environmental benefits.
It can tangibly improve rural well-being, generate local material value chains for residues. Active
rural areas will be able to generate additional income in the tertiary sector through things like
ecotourism and this could be an incentive to expand and protect forest areas.

Within the framework of EU regulations, local and national authorities should encourage
the use of local timber, and consumers who comply with these guidelines will reap tangible
benefits. The first step should be to create a level playing field for construction markets by
removing unnecessary barriers from national building regulations. Although timber construction
can be directly supported (e.g., by setting mandatory targets), perhaps more could be gained
from more stringent regulation of environmental performance for construction (e.g. energy
efficiency, circularity) as this would make timber construction more cost-effective without
displacing other existing technologies and materials. Attention must be paid to developing
efficient supply chains, in some cases upgrading the technological capacity of sawmills and in
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other cases facilitating investment in advanced elevating work platforms. Increased R&D and
innovation will be needed to link existing and new wood processing capacity to the use of local
wood resources.

Non-timber forest products. Non-timber forest products are products of organic origin
other than wood from forests, wooded land and trees outside forests (e.g. berries, mushrooms,
cork, cedar nuts, acorns, chestnuts, resin, medicinal herbs, essential oils, honey, etc.). They
play an important role in rural economies. Non-timber forest products are closely linked to
cultural heritage and territorial identity. Wild medicinal plants still represent an important source
of genetic material for the development of the pharmaceutical, chemical, cosmetic and food
industries. Others are new, emerging products such as new drinks or edible plants and insects.
In addition, changing market conditions are reopening opportunities for old, almost abandoned
products such as resin and chestnut tannin. Some non-timber forest products are produced
through dedicated forest management, albeit with different management intensities (e.g. cork,
resin, nuts in certain regions), while others, commonly referred to as wild forest products, are
harvested but not actively managed. This is the case for many mushrooms and berries, but
also for some honey and medicinal or ornamental plants. Both types of non-timber forest
products have significant potential to contribute to the bioeconomy, even if they require very
different approaches and strategies. From a bioeconomy perspective, one major and distinct
role of wild non-timber forest products is their potential to bring socio-economic well-being and
a more balanced rural-urban relationship. The positive effects of outdoor forest activities on
human health are attracting increasing attention and may prove to have significant economic
effects on health savings. The problems with these products are market-based, difficult to
describe and monitor, informal collection rules exist, and tracking their origins is difficult.

2.2. Unlocking the potential of forests for the bioeconomy

The forest bioeconomy should create prosperity and well-being while reducing the
environmental footprint. This will require technological, social and policy innovation to develop
new value chains, forest commodity-based services and a strong resilience framework; to
protect and enhance natural capital, with a special focus on climate change adaptation and
mitigation. The bioeconomy can create a strong market force for forest goods and services.
This demand needs to be matched by adequate supply, albeit with active management at the
landscape level, to create sustainable and thriving landscapes, balancing the provision of
multiple ecosystem services.

2.2.1. Creation of innovative bio-based products

A number of conditions are needed to enable the development of the potential of bio-
based products and services. These can be summarised as: strong sustainability schemes;
engaged societies; knowledge, innovation and skills to create circular bio-based products.

The main barriers to the deployment of industrial biotechnology are market-related (lack
of public awareness, unclear standards); barriers to biomass supply (high costs, uncertain
supply, competition, subsidised energy, etc.); and technological barriers. In order to overcome
these barriers, actions related to securing biomass supply, innovating products and processes
of available biomass, facilitating cross-sectoral linkages, increasing research capacity, skills
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and upgrading technological solutions, developing an enabling policy environment and access
to finance and public engagement are needed.

Cross-sectoral linkages and public-private partnerships will also be needed to develop
and scale up place-based approaches to realize the potential of wood products, non-wood
products, landscapes (e.g. linking ecotourism and health, water provision with fire prevention,
developing synergies between wood and non-wood forest products, etc.). More emphasis on
socio-economic research and social innovation may be needed in addition to technological
innovation (Georgieva, 2023). Improved policy framework to facilitate access to markets, de-
risk investments and ensure sustainability and public support (e.g. green procurement, green
taxation, etc.).

2.2.2. Sustainability of the bioeconomy

The bioeconomy relies on natural resources for energy, material production, nature-based
solutions and green infrastructure. For the bioeconomy to succeed, nature and the environment
must be at the core of the economic development model, sustaining the economy and people's
well-being. Natural capital cannot be exchanged with man-made capital, as the two are
synergistically linked. Accepting trade-offs between natural capital and economic development
makes sense in a fossil fuel-based economy where economic growth is mainly fuelled by non-
renewable resources and limits environmental and climate sustainability. The bioeconomy must
identify and realise synergies between environmental protection and human development.

Negative effects on natural capital and the social fabric of biomass-producing regions and
communities can be summarised as: risks associated with intensification; risks associated with
land-use change; risks associated with social exclusion and resource grabbing.

The first key element of a sustainable bioeconomy stems from its dependence on the
Earth's natural capital and its ecosystem services. Different land uses provide direct sets of
ecosystem services that must also be balanced at the landscape level. The second element is
the landscape/territorial approach. The bioeconomy needs a certain dimension and economies
of scale. Direct farm-to-market approaches have shown their limitations even for high value
agricultural products. A territorial dimension is needed. Forestry is close to this approach as
production is concentrated in planted areas, whereas semi-natural forests support much lower
management and production intensities. A third critical element of a sustainable bioeconomy is
circular economy thinking. Positive environmental and social impacts (e.g. employment) should
be maximized. The fourth key element of a sustainable bioeconomy is the need to address both
production and consumption patterns.

2.2.3. Climate adaptation and mitigation

Adaptation is necessary and requires economic support to help adapt and restore forests
to climate change and socio-economic scenarios. Forest policy makers and managers need to
be proactive and reactive to address these challenges. Forward-looking adaptive strategies are
aimed at reducing risks, increasing forest resilience and resilience, promoting forest adaptation,
and preserving multiple options for dealing with huge uncertainties in the future. Adaptation
strategies and the bioeconomy can support each other through three objectives: risk reduction;
increased resilience; and support for restoration.
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The essence of climate change mitigation is reducing carbon emissions or offsetting them
with increased carbon sinks in natural or artificial reservoirs (Kirechev, Stanimirova, & lvanova,
2023). The contribution of forests can be increased through two approaches: 1) Increase
carbon stocks in various forest sinks (trees, dead wood, litter and soil) by expanding forest
areas, increasing biomass and replenishing carbon in soils. This approach is generally favoured
by fast-growing species, high-density stands and reduced management intensity (reduced
wood extraction) to accelerate biomass accumulation. 2) Reducing emissions through
increased substitution of fossil fuels and materials with a high carbon footprint with forest
products that typically have a lower carbon footprint (e.g. wood, cork, natural resins): this
approach focuses on carbon flows from the atmosphere to forest products and requires
increased productivity and more intensive management.

The final carbon balance of woody bioenergy depends on several factors: the source of
biomass (plantations, short-rotation woody plants, waste), the intensity of activities, emissions
generated during silvicultural activities, harvesting and transport, and changes in forest
dynamics; a recovery period depending on the productivity of the site, the forestry activities and
the intensity of harvesting, as this may affect differently the growth rates of the remaining forest
and reduce or increase its susceptibility to forest fires, storms, pests and diseases; alternative
use of biomass; the technology, size and efficiency of energy conversion; the energy mix to be
replaced.

In general, bioenergy is and can be produced in combination with other forest products
and services, contributing to their economic viability (e.g. in factory or residue-based bioenergy
consumption, bioenergy related to fire prevention).

3. CONCLUSION

Favourable development of the bioeconomy in Bulgaria requires overcoming a number of
difficulties and challenges, but overcoming them is essential for the transition to sustainability.
In this sense, the attention of stakeholders should be focused in the following directions:

1) Creating an enabling policy environment to provide certainty for investors and limit
administrative procedures.

2) Improve access to finance and mitigate risk through public-private partnerships in the
forest sector, long-term guarantees, green bonds, etc.

3) Transition to building integrated industrial ecosystems can create improved technology
service and alliances of supply chain actors.

4) Leveraging the inherent quality and properties of forest biomass (e.g. cellulosic fibres,
solid and engineered wood or cork materials, etc.) will contribute to long-term competitive
advantage as these products and materials will be more easily substituted in a very dynamic
technological and market landscape. They will also provide a good basis for a larger portfolio
of lateral flow-based products.

5) Investment in R&D needs to be increased and attention needs to be paid to bridging
the knowledge-innovation divide - both technological and social.

6) Ensuring local biomass supply and ecosystem services. Where bio-economic activities
rely on imported resources, it is important to establish standards for assessing their
environmental and social footprint.

7) Forests and agroecosystems provide much more than biomass, and often the
economic importance of the age of natural and cultural heritage can surpass that of physical
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value chains. These ecosystem services need to be well understood and monitored, and be an
integral part of bioeconomy strategies.
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IMPACT OF FISCAL POLICY AND ECONOMIC TRENDS
ON THE FORESTRY SECTOR IN BULGARIA

James Jolovski

Abstract: The paper examines the growth of forestry and connected secondary activities in the context
of the economic development of Bulgaria during the period 2016-2021. The impact of the COVID-19
pandemic and the implemented fiscal measures are reviewed as well. The budget measures to counter
inflation in Bulgaria in 2022 are examined additionally.

Keywords: forestry sector, GDP, fiscal policy, COVID-19, inflation

1. DEVELOPMENT OF THE FORESTRY SECTOR IN BULGARIA
DURING THE PERIOD 2016-2021

During the second half of the past decade the economy of Bulgaria has been rapidly
increasing with about 3-4% real GDP growth — higher than the average for the European Union,
allowing convergence with the more developed countries. In 2016 the nominal GDP in current
prices was almost 49 billion euro surpassing 71 billion euro in 2021 or about 46% nominal
growth.

The forestry sector and connected secondary activities were expanding as well during
that period — from 658 million euro in 2016 to 769 million euro in 2021. However, the rate of
growth is 17% and is significantly slower compared to GDP. Thus, the share of the forestry
sector decreased from 1,35% of GDP in 2016 to 1,08% of GDP in 2021.
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Figure 1: GDP and forestry sector growth in Bulgaria, 2016-2021, data from Eurostat
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In 2017 the sector shrunk in contrast with the expanding economy which lead to a sudden
drop in the share of forestry and connected secondary activities from 1,35% of GDP to 1,23%.
In 2018 the opposite trend is observed — the sector was growing faster than the economy.
However, in 2019 and 2021 drops of the share are registered as well.
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Figure 2: Share of forestry sector of GDP in Bulgaria, 2016-2021, data from Eurostat

During the pandemic of COVID-19 in 2020 the sector remained stable and kept its share
unchanged. The data discussed is presented in Table 1.

Year 2016 ‘ 2017 2018 2019

Forestry sector and

secondary activities (million 658 645 704 723 725 769
euro)
GDP (million euro) 48752 52502 56200 61531 61608 71060

Share of forestry in GDP (%) | 1,35% | 1,23% | 1,25% | 1,18% | 1,18% | 1,08%
Table 1: Economic development and forestry sector growth in Bulgaria, 2016-2021, data from
Eurostat

2. COVID-19 IMPACT ON THE ECONOMY AND THE FORESTRY SECTOR OF BULGARIA
2.1. Impact of COVID-19 on the economy and fiscal policy

COVID-19 caused unexpected shock that forced most of the governments worldwide to
implement measures for physical distance practically freezing whole sectors of the economy.
Such restrictions were introduced in Bulgaria as well and led to a deterioration of
macroeconomic indicators. Initially expected to grow with 3,3% in the 2019 autumn forecast of
the Ministry of finance, the economy actually contracted with 4,2%. Although no restrictions
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were imposed specifically on the forestry sector and the connected secondary activities, it was
negatively impacted since other key sectors were locked down.

Before the pandemic the fiscal policy of Bulgaria had been conservative rarely generating
deficits and maintaining one of the lowest debt-to-GDP ratios within the members of the
European union. However, the contraction of economy, caused by the restrictive measures
needed to combat COVID-19, had negative impact on public revenue. The implemented fiscal
measures to support the economy required funding from the state budget increasing
expenditure. Thus, the simultaneous effect of these developments required a change in the
course of fiscal policy. The government took advantage of the temporary escape clause and
planned deficit exceeding 3% of GDP.

2.2. Fiscal measures to counter the COVID-19 pandemic

Some of the measures were targeted at specific sectors that were considered vulnerable
and were affected the most. For instance, the government reduced the VAT rate from 20% to
9% for restaurants, sports facilities, books, food suitable for babies or young children and baby
diapers. None of the major support policies with higher significance for the economy were
targeted specifically at the forestry sector and connected secondary activities.

However, other fiscal measures provided general support that the sector could take
advantage of. For instnace, some of them provided liquidity postponing public and private debt
obligations. One of the main intervations was aimed at supporting employment. The
programme was widely called ‘60/40' measure because 60% of the salaries and the
coresponding social security contributions were covered by the government through the state
Employment agency. The programme was updated a couple of times widening the scope of
the included sectors extending the support to 80% for some. Nevertheless, the forestry sector
was explicitly excluded and could not take advantage of this support.

A couple of the implemented measures provided direct financial support to all the
businesses that were affected. Wether the pandemic impacted a business or not is decided by
using purely financial data. Thus this is one of the few programmes that forestry sector could
actually take advantage of. All small enterprises that experienced decrease in their revenues
of more than 20% in April 2020 compared to the registered average monthly revenue for 2019
were eligible to apply for a grant equal to 10% of their total revenue for 2019. The grant was
limited in the range between BGN 3 000 and BGN 10 000, not allowing for business with annual
revenue lower than BGN 30 000 to apply. While business with more than BGN 100 000 could
still apply, their support was limited to BGN 10 000. Additinal similar programme targeting
medium enterprises was later introduced.

In conclusion, the forestry sector and connected secondary activities were not considered
vulnerable due to the COVID-19 pandemic and did not received targeted support by the
governement. The data shows that the sector remained strong during 2020 and even expanded
a bit but keeping its share of GDP.

3. FISCAL MEASURES TO COUNTER HIGH INFLATION

Atfter the initial shock of the pandemic, in the second half of 2021 the inflation started
rapidly increasing. There are a couple of factors that contributed to this development. For
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instance, it is believed that the conducted monetary policy was too expansionary leading to
depreciation of the significantly increased money supply. In addition, the disrupted supply
chains caused lasting shortages that continued during the accelerated demand recovery.
Lastly, the war conflict between Russia and Ukraine added inflationary pressure.

The rate of inflation in Bulgaria was significantly higher than the average for the European
Union. The Bulgarian National Bank was not able to actively intervene as there is a currency
board in place. Rather, the expansionary policy of the European central bank is impacting the
value of the Bulgarian lev due to the fixed exchange rate. However, it is believed that the main
factor contributing to higher than the average European Union inflation, is that the Bulgarian
economy is highly dependent on energy prices. These domestic developments impacted the
forestry sector as well.

The government introduced fiscal measures that were initially communicated as anti-
inflationary but later were called anti-crisis. Most of them were aimed at consumer prices
instead of producer prices. With this design the measures actually encouraged consumption.
However, some of them supported the business as well with individual sectors being specifically
targeted — for instance the VAT rate of bread was reduced to 0%. None of the measures
supported the forestry sector explicitly but it could take advantage from the excise exemption
for electric energy, LPG and natural gas. The reduction of VAT for natural gas had a positive
effect as well.

In conclusion, the inflation rate in Bulgaria after the pandemic was higher than the
European Union average and the state introduced fiscal measures to counter the negative
effects. Even though the forestry sector was affected by these developments it did not receive
government support.
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ANALYSIS OF THE IMPACT OF COVID-19 ON THE ECONOMIC
PERFORMANCE OF WOODPROCESSING ENTERPRISES IN
SLOVAKIA

Katarina Marcinekovd, Andrea Jandkova Sujova, Martina Bebjakova

Abstract: The outbreak of the COVID-19 pandemic has unleashed unprecedented challenges globally,
affecting various sectors, economies, and businesses. This paper explores the profound impact of the
pandemic on the economic indicators of woodprocessing enterprises in Slovakia, analyzing the intricate
dynamics that have unfolded since its onset. The research investigates the effects of the pandemic
period on actives, revenue streams and profitability based on data of individual companies drawn from
official financial reports in database finstat. It examines the adaptability of businesses in the face of
unforeseen challenges. Insights drawn from this study contribute to a deeper understanding of the
vulnerabilities exposed by the pandemic, offering valuable lessons for enhancing the financial resilience
of enterprises in the future.

Keywords: pandemic COVID-19, economic performance, woodprocessing enterprise

1. INTRODUCTION

The COVID-19 pandemic, declared by the World Health Organization in early 2020, has
significantly affected the global economy, including the woodprocessing sector in Slovakia. This
sector, pivotal to the Slovak economy due to its extensive forestry resources and contribution
to exports, faced immediate and lingering challenges. The pandemic negatively affected many
aspects of business e.g. in the construction sector (Gajdosikova et al., 2022), indicating
potential parallels in the woodprocessing industry. Businesses experienced negative impacts
on financial and economic situations, with significant impacts likely to be more pronounced in
the future. This situation compelled businesses to scale back or entirely suspend their
operations (Svabova et al., 2021). The reduction in production inevitably affected the added
value and the management outcomes across a broad range of business entities (Belas et al.,
2021). During the COVID-19 pandemic, most retail stores were closed, except for wholesale
food and grocery stores, which had to comply with restrictions. These circumstances influenced
consumer behavior (Taha et al., 2021) and triggered a domino effect on suppliers, affecting
their sales, operations, and strategic planning. Previous studies have highlighted the
vulnerabilities of global supply chains and industries to unexpected coronacrisis (Xu et al.,
2020; Ivanov & Das, 2020; Zhu et al., 2020). An exploratory study in Southeast European
countries, including Slovenia, Croatia, Serbia, and Bosnia and Herzegovina, indicated over
80% of respondents in the forest-products industry reported negative changes due to the
pandemic. Challenges included increased material prices, transportation costs, and supply
chain disruptions (Kuzman et al., 2022 ). Researchers (Chen & Yang, 2021) have examined
the situation through the lens of accounting data, revealing that the COVID-19 pandemic has
led to a decrease in consumer preference for wooden furniture in China but less pronounced
for wooden furniture made by extra large manufacturers.
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However, there is a gap in literature specifically addressing the woodprocessing industry
in Slovakia during the COVID-19 pandemic. This study seeks to uncover the extent of the
pandemic's impact on the economic performance of Slovak woodprocessing enterprises. For
the woodprocessing industry, lessons from related sectors suggest the importance of
adaptability, diversification, and the potential for state support to mitigate adverse effects. It
offers valuable insights for policymakers, industry stakeholders, and researchers interested in
the economic implications of global crises on the woodprocessing industry.

2. METHODOLOGY

In conducting a comprehensive review of the existing literature, were systematically
searched papers related to the economic impact of pandemics on industries, especially on the
woodworking. Selection criteria included scientific papers published between 2019 and 2023,
ensuring the relevance and currency of the research findings. Data regarding financial metrics
and operational statistics of companies within the forest-wood products industry were obtained
from Finstat database. We focused on the woodprocessing industry (SK NACE 16, 17, and 31).
The dataset spanned from 2017 to 2021, focusing on annual revenue, EBITDA, profit/loss,
asset valuations, and inventory levels. This timeframe was chosen to capture both pre-
pandemic performance and the impact of COVID-19. To show the performance results, the
financial indicators per unit were used. Inflation is crucial when analyzing financial performance
over time, it is distorting nominal growth figures. To account for this, the real value of the
financial data was calculated, taking into account the inflation rate developments from 2017 to
2021 (1.3%, 2.5%, 2.7%, 3.23%, 4.43%).

3. RESULTS

The initial findings suggest a disruption in the revenue streams per unit (p.u.) of
woodprocessing enterprises during the second half of 2019 and first half of 2020, coinciding
with the onset of the pandemic and the implementation of restrictive measures. However, the
data also indicate a varied degree of resilience and adaptability among enterprises, with some
managing to recover and even improve their profitability towards the end of 2020 and into 2021.

The results of woodprocessing sectors are presented in tables 1-3. Legend for the Tables:
SRR - Sum of real revenue RRu — Real revenue/unit Eu — Real EBITDA/unit
RPu - Real profit/ unit RAu - Real Assets/unit Riu - Real Inventories/unit

3.1. Financial data of SK NACE 16

The SK NACE 16 sector experienced significant challenges due to the COVID-19
pandemic, particularly evident in the sharp drop in real revenue p.u. in 2020. However, the
sector's resilience is underscored by its recovery in 2021, likely aided by strategic adaptations
and an evolving market landscape. The positive trends in real EBITDA and profit/loss p.u.,
despite the pandemic, reflect effective management and operational efficiency. The decline in
real assets p.u. suggests asset optimization, while inventory management practices appear to
have been adjusted in response to the pandemic's challenges. Overall, the sector's ability to
navigate through the pandemic and initiate a recovery by 2021 highlights its adaptive capacity
and resilience amidst unprecedented global challenges.
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Table 1. SK NACE 16: financial data

2017 2018 2019 2020 2021
SRR 901.482 | 1000.637 | 971.404 | 936.924 | 1258.279
RRu 0.655 0.652 0.578 0.507 0.630
REu 0.013 0.035 0.045 0.045 0.050
RPu 0.018 0.020 0.014 0.018 0.040
RAu 0.318 0.301 0.282 0.256 0.252
Rlu 0.080 0.077 0.074 0.061 0.076

Source: own calculation according to data from Finstat

Real Revenue per unit declined from 2017, a more significant drop in 2019 suggests the
beginning of challenges even before the pandemic, possibly due to market saturation,
increased competition, or other sector-specific issues. A sharp decline to 0.507 in 2020
highlights the immediate adverse effect of the pandemic, likely due to lockdowns, reduced
consumer spending, and disruptions in supply chains. A rebound in real revenue p.u. to 0.630
in 2021 suggests recovery and possibly adaptation to new market conditions and consumer
behaviors, reflecting resilience within the sector.

Real EBITDA per unit gradual increased and indicate improving operational efficiency
and profitability on a per-unit basis. The maintenance of this positive trajectory through 2020
and anincrease in 2021 imply effective cost management and possibly operational adaptations
during the pandemic.

Real Profit/Loss per unit: the continued profitability through the pandemic, with a notable
increase in 2021, underscores effective strategic management and possibly an increased
demand for products or services within this sector.

Real Assets per unit: the gradual decline in real assets p.u. over the period might reflect
asset optimization strategies, divestment of non-core assets, or a shift towards a more asset-
light operational model. The accelerated decrease during the pandemic could indicate
intensified efforts to reduce costs or the need to liquidate assets for liquidity.

Real Inventories per unit: the significant drop in 2020 followed by a rebound in 2021
could reflect initial supply chain disruptions due to the pandemic, followed by a recalibration of
inventory levels in response to shifting demand patterns.

3.2. Financial data of SK NACE 17

The SK NACE 17 sector experienced a significant downturn in 2020 due to the COVID-
19 pandemic, particularly in terms of revenue and profitability. The slight recovery in 2021
across most metrics suggests the beginning of a rebound. However, the limited recovery in
profitability indicates that the sector may still be grappling with the pandemic's lingering effects
and adjusting to the new normal. The increase in assets suggests continued investment in the
sector, which could be positive for long-term growth. The inventory levels in 2021 might reflect
optimism about future demand or could signify challenges in aligning production with market
demand. Overall, while the sector is showing signs of recovery, it has not yet fully rebounded
to pre-pandemic performance levels.
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Table 2. SK NACE 17: financial data

2017 2018 2019 2020 2021
SRR 1009.4 1078.27 | 1132.66 | 1052.04 920.52
RRu 6.961 6.697 6.663 5.877 5.030
REu 0.921 1.106 1.217 0.937 0.523
RPu 0.414 0.715 0.824 0.536 0.204
RAu 4.570 4.790 4.821 5.488 5.812
Rlu 0.614 0.551 0.646 0.675 0.614

Source: own calculation according to data from Finstat

Real Revenue per unit: a significant drop in real revenue in 2020 and 2021 indicates the
substantial adverse effect of the pandemic on sales, likely due to decreased demand,
operational restrictions, or supply chain disruptions.

Real EBITDA per unit: upward trend in EBITDA before pandemic shows improving
operational efficiency and profitability. A sharp decline in EBITDA highlights the impact of the
pandemic on operational profitability, reflecting increased costs, reduced margins, or both.

Real Profit/Loss per unit: consistent growth up to 2019 suggests increasing profitability
and effective cost management. A drastic reduction to 0.204 in 2021 demonstrates the severe
impact of the pandemic on the bottom line.

Real Assets per unit: an increasing trend over the period indicates investment in the
sector, possibly in expansion or modernization. The continued increase through the pandemic
years suggests ongoing investment, perhaps towards adapting operations for new market
conditions or leveraging technology for efficiency.

Real Inventories per unit: fluctuations in inventories p.u., with no clear trend, suggest
changes in production strategy, sales forecasting accuracy and supply chain management. An
increase above pre-pandemic levels could indicate anticipation of market recovery, improved
demand forecasting, or potentially issues with inventory turnover.

3.3. Financial data of SK NACE 31

The COVID-19 pandemic had a significant, albeit nuanced, impact on SK NACE 31
enterprises. While real revenue initially suffered, the increase in EBITDA and profit during the
pandemic highlights effective management strategies to counteract operational and market
challenges. The fluctuation in assets and inventories suggests adaptive strategies in asset
management and supply chain operations. The rebound in several metrics by 2021 indicates a
sector on the path to recovery, though still navigating the complexities of a post-pandemic
economic landscape.

Real Revenue per unit: there was an increase up to 2018, indicating growth and possibly
expanding market demand but then showing a downward trend from 2019. A noticeable drop
in 2020 signifies the direct impact of the pandemic, likely due to reduced consumer spending,
supply chain disruptions, or operational restrictions. A rebound in real revenue close to 2019
levels suggests recovery, adapting to the new market conditions, or benefiting from pent-up
demand.

Real EBITDA per unit: an increase in real EBITDA p.u. during the pandemic years,
contrary to the revenue drop, could imply effective cost management or operational
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adjustments to maintain profitability under challenging conditions. A slight decrease in 2021 but
still higher than in pre-pandemic years suggests sustained operational efficiency but perhaps
facing new challenges as the market continues to adapt post-pandemic.

Table 3. SK NACE 31: financial data

2017 2018 2019 2020 2021
SRR 856.291 879.658 | 828.945 | 755.979 | 822.965
RRu 1.920 1.929 1.798 1.651 1.797
REu 0.076 0.059 0.034 0.092 0.078
RPu 0.005 -0.015 -0.036 0.018 0.030
RAu 0.678 0.680 0.591 0.565 0.586
Rlu 0.314 0.313 0.310 0.258 0.320

Source: own calculation according to data from Finstat

Real Profit/Loss per unit: the variability in profit/loss shows financial instability in certain
years. The shift to a profit in 2020 is remarkable, reflecting possibly lower operational costs,
government support measures, or a shift in business strategy in response to the pandemic.
Continued profitability, improving from 2020, indicates effective adaptation and potential market
recovery.

Real Assets per unit: a decrease may reflect asset sell-offs, depreciation, or a strategic
reduction in capital expenditures during the pandemic. A slight increase in assets suggests
cautious reinvestment or asset accumulation in anticipation of growth or as a response to
operational needs.

Real Inventories per unit; the decrease reflects likely adjustments to lower demand or
disruptions in supply chains. A bounce back in inventories in 2021 above pre-pandemic levels
might signify optimism about future demand or improvements in production capacity.

4. DISCUSSION AND CONCLUSION

The pandemic significantly dampened macroeconomic landscape. However, this impact,
while broad, was short-lived. With effective control measures against the pandemic, the initial
quarter's economic fluctuations are unlikely to alter the long-term positive trajectory of the global
economy (Shen et al., 2020 ). Survey findings of Kuzman et al. (2022) reveal that while the
COVID-19 pandemic has affected the forest-wood products industry, certain segments have
experienced beneficial impacts. The Slovak woodprocessing industry faced significant
operational and financial challenges due to the COVID-19 pandemic, with all sectors
experiencing a downturn in 2020. However, the industry's recovery in 2021 across key financial
metrics suggests resilience and adaptability. The impact of COVID-19 on woodprocessing
enterprises in Slovakia underscores the critical importance of adaptability and financial
resilience in the face of global crises. The woodworking industry, with its varied segments under
SK NACE codes 16, 17, and 31, demonstrates both the vulnerabilities and strengths inherent
in diverse operational models and market dependencies. The analysis reveals that companies
with diversified supply chains, digitalization of sales and operations, and flexible business
models were better equipped to navigate the challenges posed by the pandemic. However, it
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also presented opportunities for innovation and adaptation. The lessons learned from this
period should guide enterprises towards building more resilient business models, capable of
withstanding future global disruptions.
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FOSTERING SUSTAINABLE DEVELOPMENT: AN IN-DEPTH
EXAMINATION OF POLICIES AND STRATEGIES

FOR PRESERVING NESSEBAR'S CULTURAL HERITAGE,
EMPHASIZING TRADITIONAL CRAFTS AND WOODEN HOUSES

Sonia Mileva, Milena Krachanova, Aglika lkonomova

Abstract: The Ancient city of Nessebar, designated as a UNESCO World Heritage Site, boasts a
distinctive array of wooden houses predominantly constructed during the 19th century. Emblematic of
the Black Sea architecture of that period, these houses serve as tangible representations of the various
phases in the evolution of residential vernacular architecture. However, recent years have witnessed a
concerning trend—the erosion of intangible cultural heritage and traditional practices, particularly evident
in the fading traditional construction methods and wood crafts. This deterioration poses a threat to the
overall conservation status of these historical monuments.

This paper undertakes a historical exploration to elucidate the factors contributing to the present
condition of the wooden houses in Nessebar. Moreover, it critically analyses both national and local
policies aimed at preserving the tangible and intangible heritage associated with these structures. A
pivotal aspect is the emphasis on sustainable measures imperative for revitalizing traditional construction
practices and wood crafts, thereby safeguarding the cultural legacy encapsulated in these monuments.

The study underscores the imperative for holistic measures, encompassing the conservation of
existing wooden structures, rejuvenation of traditional crafts, techniques, and materials, and the
restoration of a symbiotic relationship between the local community and its cultural heritage. These
endeavors stand as a crucial guarantee fostering sustainable development and preservation of the
unique cultural heritage of Nessebar and its Outstanding Universal Value (OUV).

Keywords: wooden houses, Nessebar, World heritage, sustainability, cultural heritage policy

1. INTRODUCTION

The Ancient City of Nessebar is a historic city in Southeastern Bulgaria, inscribed on the
UNESCO World Heritage List in 1983. Situated on a Black Sea rocky peninsula the city is
known for its remarkable medieval churches, archaeology (incl. underwater) and the
Renaissance houses, which are part of the attributes conveying the Outstanding Universal
value (OUV) of the property.

The emergence of these houses is associated with the 18 century economic revival of
Nessebar which seriously reflects on the residential buildings (Centre for Cultural Heritage and
Architecture, 2023). Most of the houses are built in the 19t century and are “typical of the Black
Sea architecture of the period” (UNESCO, 2010). Since the beginning of the 20th century,
ninety Renaissance houses in Nessebar have been officially recognized as cultural heritage
properties under national legislation. Among them, three houses hold the prestigious status of
national heritage. These renaissance residential buildings are distributed unevenly throughout
the peninsula, as standalone samples or as picturesque street ensembles.
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2. NESSEBAR WOODEN HOUSES

The Bulgarian Renaissance house, particularly on the Black Sea coast, exemplified by
Nessebar, embraced a "wooden house" style. This shift from stone house, as noted by
Mavrodinov (1947), occurred primarily in the upper living areas. Wood offered advantages in
construction speed, ease of processing, and thermal insulation, making it ideal for these floors.
Additionally, timber's seismic resistance and the ability to create decorative elements with
various colors and textures further contributed to its popularity. Stamov (2007) clarifies the
"wooden house" concept, specifying that only the upper living floors are built entirely of wood.
Therefore, the broader understanding for the "Bulgarian Renaissance house" refers to a mixed-
construction dwelling: a stone ground floor for non-residential purposes topped by one or two
wooden stories for living quarters. Zlatev (1955), Vakarelski (1974), Angelova (1975) consider
that the Black Sea house fully meets the understanding of a wooden house as it is stone/mud-
built houses with wooden cladding. Ivanchev (1957) characterizes these structures as "wooden
houses with stone ground floor", echoing the architectural style of the earliest buildings from
the era of the First Bulgarian Kingdom, standing as a distinctive example within the broader
category of Black Sea Houses, with its unique attributes.

These houses are shaped by the distinct climatic conditions of the region. Marked by
robust autumn and winter winds, perpetual high humidity, and significant summer temperature
fluctuations, they evolved into a closed-type design, ensuring optimal living comfort as noted
by Jordanova-Petrova (2020). Nessebar's houses typically comprise two floors, although more
elaborate examples, such as Eulambius's, Bogotov's, and Vardaliev's houses, feature a third
floor, also constructed of wood. The use of local materials plays an important role in shaping
the urban landscape of the Ancient City of Nessebar. The extensive use of stone from the cliffs
and shores and wood from the nearby forests, while most of the timber came from the wooded
slopes of Strandzha (lvanchev, 1957).

The wood in the Nessebar house fulfils different functions: structural, utilitarian and
decorative. (1) The structural function is expressed in form of a timber and plaster skeleton of
wooden beams, placed vertically and diagonally for the external and internal walls, the floor
construction with the bay elevation and the roof as well as the timber fagade cladding, covered
with light timber frame; (2) Utilitarian functions are associated with doors (exterior and interior),
windows, built-ins and fireplaces in rooms as well as the interior furniture such as: minders,
chairs and tables; (3) Decorative functions are in terms of artistic elements in the exterior
(facade pilasters with base and capitals, decoration of bays and eaves with character elements)
and in the interior (ornamented ceilings).

Most distinctive element testifying for the two different construction periods is the cladding
of the facade wall. (1) The older construction and facade cladding is used until the 18th century
at the latest. Thin oak planks (6-8 cm in height) are placed in horizontal direction partially
overlapping at the top each other; (2) The 19th century fagade cladding introduces coniferous
material — cham (12-24 cm in hight), because it more resistant to weather changes (drought
and moisture) and cheaper. These two types of panelling were used to finish the exterior of the
facade wall.
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3. CHALLENGES AND THREATS TO WOODEN HOUSES

The Renaissance residential architecture is one of the main attributes coveying the OUV and defining
the appearance of the Ancient City of Nessebar. Currently their degree of authenticity is not high (NIICH,

2018). Regarding the wooden elements a deviation from the characteristic scale of the fagade claddings is
observed as well as a strong simplification of the detail. There is a partial replacement of wooden windows
and doors with PVC and lack of window and corner frames.

The World heritage city was suggested by ICOMOS and WHC for possible inscription on
the List of World Heritage in Danger. The Reactive monitoring reports on the "Ancient City of
Nessebar" (2018, 2023) recommend efficient measures to encourage and support private
owners of buildings in the process of maintenance and conservation/restoration of their
buildings. Nessebar's houses serve as tangible representations of the intangible cultural
heritage on the peninsula as well as traditional building practices.

The primary concern regarding the wooden houses lies in the erosion of intangible cultural
heritage and traditional practices, notably evidenced by the diminishing traditional construction
methods and wood crafts. This deterioration poses a significant threat to the overall
conservation status of these historical monuments, presenting challenges in their preservation
and restoration efforts. Traditional building crafts used to play a crucial role in the construction
and maintenance of wooden houses, as they embody centuries-old techniques, knowledge,
and cultural practices specific to the region. These crafts encompassed various aspects,
including timber framing, joinery, carving, and ornamentation, each contributing to the unique
character and identity of the structures. The builders/ craftsmen used to came from different
regions in Bulgaria (Triavna, Malko Tarnovo, Trevno, Dryanovo, Gabrovo), Macedonia (Lerin,
Kostur, Debar and elsewhere), and even Asia Minor Christians - Bulgarians, called Kara -
Manlii. The master builders knew very well the qualities and workmanship of the materials they
used. They used the winter season to harvest timber because the tree "sleeps”, the sap has
gone down and after felling it is denser, less "shrinking" and less attacked by pests.

The process of loss of the wood traditional practices is long, complex and attributed to
various aspects. From one side the modernization and advent of modern building materials and
construction methods started to replace the traditional ones. The most important local material
— the wood started to become more scarce. This process began even before the Bulgarian
liberation and the decline of the Ottoman Empire, when extensive forests were burned so that
the outlaws would not hide; other parts of the forests were ruthlessly exploited to satisfy the
timber-poor South (lvanchev, 1957).

The alteration in cultural dynamics and the mass exodus from Nessebar in 1925, where
most of the local families departed, marked a pivotal moment deepening this transformation.
This migration was largely prompted by the decisive Convention for Exchange of Minorities
between Bulgaria and Greece in 1919. As a result, a big number of refugees from Macedonia,
Thrace and Dobrudzha resettled in Nessebar, inhabiting the newly constructed "Sharon
Houses," named after their architect (Theoklieva-Stoycheva, 2019). These newly erected
dwellings diverged markedly from the Renaissance-style houses in terms of volume, material,
and detailing. They were predominantly single-storey field houses featuring plaster facades,
devoid of wooden cladding and ornate embellishments. Notably, many of these structures were
built on the sites of partially demolished Renaissance houses. These processes mark the end
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of the construction of the Renaissance wooden houses in Nessebar and are the main reasons
for loss of the traditional building practices.

4. POLICIES AND STRATEGIES FOR PRESEVING THE NESSEBAR'’S HERITAGE
AND WOODEN HOUSES

During the 1960s to the 1980s, concerted efforts were undertaken by the National Institute
of Monuments of Culture (now National Institute of Immovable Cultural Heritage) to preserve
the Nessebar's houses. The Ancient city was officially designated as an architectural reserve
in 1956, and subsequently inscribed on the UNESCO World Heritage List in 1983. However,
following the political changes after 1989s, the state's withdrawal from its role as the primary
funder and driving force for the preservation of Nessebar's OUV, particularly its wooden
houses, became evident.

The growth of Tourism influenced the urban landscape of the city. The wooden houses
started to experience modifications of authenticity to accommodate modern advancements and
satisfying the changing needs of house owners. Policy and legislative initiatives primarily
prioritized the tangible cultural heritage, as world heritage city, neglecting of the intangible
heritage associated with traditional wood crafts and building methods. Problems rised with
illegal construction and atypical interventions on houses, including additional floors. The
UNESCO designation and the necessity to reconcile legal frameworks, conservation policies,
and associated obligations among Renaissance house owners created tension and were
perceived as constraints on "development" by the local community (Luleva, 2014).

The UNESCO 2023 monitoring report confirmed that the state of the Ancient City of
Nessebar states a continued lack of appropriate legal, planning, monitoring, management and
conservation mechanisms, alerting that most of the wooden houses that testify for the
architectural mastery of the Balkans and the Eastern Mediterranean region have been
irreversibly altered or converted. The National Institute for Immovable Cultural Heritage (NIICH)
has been diligently documenting the attributes that convey the Outstanding Universal Value
(OUV) of the wooden houses, providing facade plans and silhouettes, and in 2023 a 3D model
and digital map. All of this is invaluable to archaeologists, architects, restorers, engineers,
historians, traditional wood crafts building materials specialists engaged to preserve the
authenticity and the OUV.

At local level, the Municipality of Nessebar adopted the "Program for Sustainable
Development of Tourism in the Municipality of Nessebar 2018-2024," along with a Tourism
Development Program integrated within the Plan for Integrated Development of the Municipality
of Nessebar for the period 2021-2027. These decisions reflect the municipality's commitment
to foster sustainable tourism practices and promoting balanced development within the region.
A Cultural Heritage Strategy for the period 2023-2032 has been developed that acknowledges
Nessebar's heritage as a distinctive demonstration of the synergy between tangible elements
(both movable and immovable, including underwater artefacts) and intangible cultural heritage,
complemented by its abundant natural heritage. The Strategy outlines plans to allocate financial
and technical resources for the restoration and rehabilitation of buildings of national and local
significance. It also proposes the implementation of effective measures to incentivize and assist
private owners in maintaining, conserving, and restoring their properties. The municipality
intends to launch local program to support private owners, with the aim of preserving and
revitalizing houses while restoring the authentic architectural landscape of the Ancient city.

256




17t International Scientific Conference WoodEMA 2024
GREEN DEAL INITIATIVES, SUSTAINABLE MANAGEMENT, MARKET DEMANDS,
AND NEW PRODUCTION PERSPECTIVES IN THE FORESTRY-BASED SECTOR

5. TRADITIONAL WOODWORKING CRAFTS

Despite of the presence of the 2001 Skilled Crafts Act (SCA) the loss of crafts continues.
From the comprehensive list of 129 trades included in SCA, 72 have been removed in 2011.
Regarding traditional crafts associated with woodworking, only woodcarving and crafting
wooden utensils (whittling) as distinct crafts are recognized.

The situational analysis in the education field reveals that at the national level, only two
specialized secondary schools — the National High School of Applied Arts “Trevnenska school
and the National School for Applied Arts “St. Luke” in Sofia — educate students in the profession
of "artist - applied arts," with speciality "Decorative Woodcarving". The number of secondary
school graduates with skills in wood processing is very low (yearly between 12-19 in total).
According to the data from Reginal and National Chambers, for the period 2019-2023 the
graduated with Master (13) and Journeyman (15) are in total 28. Based on education and
training data, it is evident that there is an exceedingly low number of graduates in traditional
woodworking crafts at the national level. This turns as a significant challenge and makes it
increasingly difficult to find skilled with traditional wood building practices builders, needed for
preservation of the unique characteristics of wooden houses, as in Nessebar.

6. FOSTERING SUSTAINABLE DEVELOPMENT

The conservation of existing wooden structures, rejuvenation of traditional crafts,
techniques, and materials, and the restoration of a symbiotic relationship between the local
community and its cultural heritage are crucial for fostering sustainable development and
preservation of the unique cultural heritage of Nessebar and its OUV. The community based
approach related to both crafts as traditional practices in wooden houses construction, and
preservation of the houses as tangible heritage will assure and foster the sustainable
development. The Nessebar's Cultural Heritage Strategy forsees not only finanicial support,
but also creation of programs that educate and raise awareness, especially amongst the
younger members of society, cultivating a deeper understanding and respect for this heritage.
The strategy intorduces into existing municipal mechanisms and tools, including the integrated
conservation and management, the participatory governance and the people-centred
approach. The provision of support to the bearers of traditional knowledge and skills is also
foreseen, including creation of opportunities for targeted funding.

CONCLUSION

Wooden houses are a cornerstone of Nessebar's historic landscape, significantly
contributing to its OUV as recognized by UNESCO. The preservation of their authentical
appearance remains to be achieved (UNESCO, 2023). However, Nessebar's status as a living
city, coupled with tourism growth and the desire for improved living standards, has led to the
introduction of modern, sophisticated building materials. This trend threatens the authenticity
of the wooden houses and puts in danger the WH city. All attempt to find a mechanism to
support the house owners, to change and recover the original architectural landscape is
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challenged by the losses of traditional woodworking crafts. Fluctuations in the political and
economic landscape significantly impacted the crafts and craftsmanship by altering regulations,
the recognition of training programs, and the societal perception of their importance for cultural
heritage and wooden work crafts in particular (Kabakov et al., 2016). Sustainability of
Nessebar’s cultural heritage and its wooden houses can only be achieved though integrated
measures combining financial support, inclusion of local community and rebuilding traditional
knowledge and skills.
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AGROFORESTRY
- AN OPPORTUNITY FOR THE DEVELOPMENT
OF RURAL TERRITORIES IN BULGARIA

Damyan Kirechev

Abstract: Agroforestry is a current land-use technique that combines woody plants with crop production
and livestock rearing. Agroforestry provides significant potential for the development of carbon farming.
It can play an important role in reducing greenhouse gases and thus influence climate change. The
importance of agroforestry practices is great in increasing the sustainability of agriculture. The report
explores innovative agroforestry practices that have the potential to be developed in Bulgaria and can
improve rural development. Agroforestry can contribute to increasing rural sustainability through the use
of tree-based products, improving supply chains, providing population benefits, etc. The conditions are
created for improving local economies and increasing sustainability in their development. Opportunities
for financing agroforestry practices on farms in Bulgaria through the Common Agricultural Policy are
explored.

Keywords: agroforestry, agroforestry systems, benefits of agroforestry, agroforestry policy.

1. AGROFORESTRY IN CONTEMPORARY LAND USE

Agroforestry is a multifunctional and environmentally friendly modern system in the use of
land in agricultural production systems that provides a variety of benefits to society -
environmental, economic and social. Agroforestry can contribute to a wide range of Sustainable
Development Goals (SDGs) (FAO and ICRAF, 2019), by helping to sustain livelihoods, reduce
poverty in rural areas, support access to cleaner energy, sustain soils and lands, and combat
climate change. Agroforestry provides opportunities, but also faces a number of challenges,
such as the need for policy and legal incentives, improving coordination between the forestry
and agroforestry sectors, introducing innovations and raising the awareness of agroforestry
actors. The aim of this publication is aimed at revealing the current understanding of
agroforestry systems and the benefits for rural development. After an analysis of the state of
agroforestry practices in the world, the European Union and Bulgaria, to point out the
opportunities for the development of agroforestry in Bulgaria and the possibilities for public
support of solutions in this field.

1.1. An understanding of agroforestry

Agroforestry can be seen as a relatively new name for old practices (Nair, 1993). The
definition of agroforestry highlights two main characteristics: 1) the deliberate cultivation of
woody species simultaneously with agricultural species; 2) the presence of interactions
between woody and non-woody components in the system (ecological, economic and social).
Discussions on understanding agroecology have been summarized by the World Agroforestry
Centre (SIFOR-ICRAF, n.d.), which defines agroforestry as "a generic term for land-use
systems and practices in which woody perennials (trees, shrubs, etc.) are deliberately
integrated with crops and/or livestock in the same land management unitin some form of spatial

259




17t International Scientific Conference WoodEMA 2024
GREEN DEAL INITIATIVES, SUSTAINABLE MANAGEMENT, MARKET DEMANDS,
AND NEW PRODUCTION PERSPECTIVES IN THE FORESTRY-BASED SECTOR

arrangement or temporal sequence." This definition has gained wider acceptance over time.
Agroforestry is currently seen as a multifunctional land use agroecosystem involving the
cultivation of tree species with crops or livestock. With agroforestry, land is used holistically and
synergistically by different stakeholders, including farmers, livestock and plants (Ramil Brick,
Holland, Anagnostou, Brown,, & Desmulliez, 2022). By integrating crop/livestock production
and tree cultivation, this practice has the potential to diversify and increase farmers' production
by providing food, wood, fibre and medicines, while providing environmental and social benefits
such as e.g. soil fertility, erosion control, water regulation, carbon sequestration, biodiversity
and resilience to natural hazards (Rigueiro-Rodréguez, McAdam, & Mosquera-Losada, 2009),
(Nair & Garrity, 2012), (Mosquera-Losada, et al., 2012), (Nair, Kumar, & Nair, 2021), (Jatav,
Rajput, Minkina, Van Hullebusch, & Dutta, 2024). Discussing the understanding of agroforestry,
there are three intrinsic characteristics that allow its evaluation (Nair P. , 1993): 1) Productivity;
2) Environmental sustainability; 3) Adoption of agroforestry practices by the farming community
according to local conditions.

The concept of agroforestry stems from the expected role of on- and off-farm tree
production in supporting sustainable land use and natural resource management. This concept
is based on the premise that land-use systems that are structurally and functionally more
complex than crops or tree monocultures lead to greater efficiency of resource capture and use
(nutrients, light, water) and greater structural diversity, resulting in tighter nutrient cycles (Nair,
Gordon, & Mosquera-Losada, 2008). While aboveground and belowground diversity provides
more stability and resilience to the system at the site level, systems provide connectivity to
forests and other landscape or watershed features.

1.2. Types of agroforestry systems

In the systematics of agroforestry, there are broadly three types of agroforestry (Nair P. ,
1993), (Sharma, et al., 2016): 1), agroforestry that integrates annual crops and trees; 2)
agroforestry that defines the integration of livestock and trees; 3) agroforestry that integrates
annual crops, livestock and trees. In addition, there are different forms of agroforestry systems,
such as alley cropping systems, intercropping or hedgerow systems.

Understanding agroforestry systems in Europe and identifying viable practices from the
agroforestry system, the AGFORWARD project was implemented in the European Union
between 2014 and 2017 (AGroFORestry that Will Advance Rural Development)
(AGFORWARD (AGroFORestry that Will Advance Rural Development), n.d.). In its final report,
the project evaluated innovative agroforestry designs and practices for places where
agroforestry is currently not practiced or declining (Burgess, et al., 2018). AGFORWARD
project results focus on four types of agroforestry systems (Burgess & Rosati, 2018), later
adopted in European policy: agroforestry systems of high natural and cultural value; integration
of grazing or intercropping in high-value tree systems; including fruit trees grown for high-quality
timber; integration of trees into arable systems; integration of trees into livestock systems

Further studies from 2018 have identified key spatial agroforestry practices suitable for
temperate areas: silvopastoral, silvoarable, forest farming, hedgerows, windbreaks and riparian
buffer strips, as well as home gardens/kitchen gardens (Mosquera-Losada, et al., 2018),
(Augére-Granier, 2020): Silvopasture - a combination of trees or shrubs for forage; Silvoarable
systems - based on woody vegetation planted with annual or perennial crops (alley crops);
Forest farming systems - wooded areas used to harvest crops for medicinal, ornamental or
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other purposes; Home gardens - combining trees or shrubs with vegetable gardens in areas
alongside settlements. Combined options for growing trees and shrubs together with livestock
can also be implemented in the agroforestry system, such as: Windbreaks and riparian buffers
of trees or shrubs that act as a shelter buffer; Rows of trees and shrubs in grazing areas.

The development of agroforestry as a sustainable farming system to increase agricultural
productivity and profitability is a subject of deep interest in EU countries. But the short-term
transition from specialised crop and livestock systems to agroforestry can be challenging. The
2016-2017 EIP-AGRI Agroforestry Focus Group (EIP-AGRI, 2017) brought together experts
from across Europe to explore existing practices, list challenges and opportunities, and discuss
ways to further develop economically viable, sustainable agroforestry systems in Europe.

In Bulgaria, the most common types of agroforestry are forest-pastoral, shelter belt and
alley cropping. Although the conditions in the country are favourable (areas with agricultural
use are 5.2 million ha - about 47% of the country's territory, including 68.9% arable land, 0.3%
family gardens, 3% perennial crops, and permanent grassland is 27.8%; forest areas and
protected forests are 38.3% of the country's territory), socio-economic incentives and lower
environmental needs, it is not very familiar to stakeholders as theory and practice. There are
agroforestry practices, but there is a lack of a comprehensive concept of agroforestry
development (Kachova, V.; Hinkov, G.; Popov, E.; Trichkov, L.; Mosquera-Losada, R., 2016).
The Agroforestry Centre has been a driving force in the development of agroforestry in Bulgaria,
with the aim of developing a national structure of agroforestry research and education.

2. BENEFITS OF IMPLEMENTING AGROFORESTRY IN RURAL TERRITORIES

FAO recognizes that agroforestry integrating agricultural and forestry systems can provide
sustainable multifunctional systems providing and sustaining a diversity of ecological,
economic and cultural benefits (FAQ, n.d.). Changing environmental conditions lead to better
agricultural and forest resources that support rural development. At the same time, agroforestry
activities are full of social content that is built from the socio-economic context of rural areas.
They are the livelihood of rural people and are the result of wise choices by farmers. In this
sense, agroforestry not only has an agricultural character, but also appears as a social system.

2.1. Environmental benefits

The environmental benefits of agroforestry can be sought in a number of environmentally
friendly directions in rural territories:
1. Soil conservation and maintenance.
Provide ecosystem services.
Supports biodiversity.
Climate change mitigation and adaptation.
Agroforestry can also play a significant role as a source of bioenergy.

ke
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2.2. Economic benefits

The economic benefits of agroforestry for farmers stem from its multifunctional
characteristics, improving the efficiency of farming systems. The temporal and spatial scales,
together with the farmer's experience and financial capacity, determine the economic impact of
agroforestry in the following areas:

1. Agroforestry systems can lead to increased agricultural productivity for farmers.

2. Agroforestry can provide diversification of agricultural products.
3. Agroforestry can provide opportunities for recreational activities.
4. Trees and shrubs used in agroforestry are also beneficial to animal welfare.

2.3. Social benefits

The social benefits of agroforestry derive from the economic and environmental benefits
that increase the attractiveness of the land use and landscape and create higher cultural value:

1. Improving land use creates higher land values, which helps increase farmers' welfare.

2. Agroforestry creates the conditions on the one hand to sustain the livelihoods of the
local population.

3. Agroforestry has the potential to contribute to the conservation of rural landscapes,
which is a prerequisite for their management in a cultural way.

4. Agroforestry contributes to improving food security in rural areas.

Knowledge of the benefits of adopting agroforestry practices are key to understanding
them and shaping rural development policy elements.

3. STATUS, PROSPECTS AND SUPPORT OF AGROFORESTRY BY THE EU COMMON
AGRICULTURAL POLICY

3.1. State of agroforestry in the EU

As a practice, agroforestry has been practiced since ancient times on all continents.
According to (FAO, n.d.), this practice is carried out by 1.2 billion people, on about 1 billion
hectares of land, mainly in tropical climate zones. In the European Union, agroforestry areas
were mapped using LUCAS land use and land cover data over three years between 2009 and
2021. (Eurostat, 2015, 2022) Estimates of the total agroforestry area in the EU-27 are around
15.4 million ha, equivalent to around 3.6% of the territorial area and 8.8% of the utilised
agricultural area. According to a 2017 study (den Herder, et al., 2017), agroforestry combined
with livestock covers about 15.1 million ha, which is the largest area, high value tree
agroforestry and arable agroforestry cover 1.1 and 0.3 million ha respectively. A cluster analysis
allows comparisons to be made between countries and to identify regions in Europe where
agroforestry is already widely practised and areas where there are opportunities to practise
agroforestry on a larger area and introduce new practices. Arable agroforestry covers about
358 000 hectares, corresponding to about 0.1% of the EU's territorial area and 0.39% of arable
land. Agroforestry systems with livestock cover about 15.1 million hectares, corresponding to
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about 3.5% of the EU's territorial area. This amounts to approximately 15% of European
grassland, but up to 35% of actual grassland. Agroforestry, including high-value trees, covers
about 1.1 million hectares, corresponding to about 0.2% of the EU's land area. Producing
assessments of European agroforestry is important for developing measures and policies to
promote this practice of sustainable land use and for assessing the impact of certain measures
on agroforestry (Augére-Granier, 2020).

The analysis of agroforestry in the EU can be extended to the new average farm,
according to the Farm Accountancy Data Network (FADN) (Table 1). Expenditure on on-farm
forestry activities is almost doubling, with an increase in forest-related output and wood
processing from €257 in 2014 to €378 in 2022. Over the same period, forest areas increase
from 1 to 1.5 ha. on average per farm. The share of expenditure on forestry activities is constant
at 0.1%, and the share of output in off-farm production averages around 6.1%. The share of
agricultural land covered by tree species averages 3.2%.

Table 1. Agroforestry in agricultural holdings in EU, average per farm, 2014-2022

Year (SE331) (SE715) (SE025) (SEO075) Share of Share of Share of
Forestry Forestry Total Woodland total forestry and wood-
specific and wood Utilised area (ha) forestry wood land area
costs (€) proces- Agricul- cost from processing in total
sing (€) tural Area total specif. in other agricul-
(ha) cost production | tural area
EU=27 2014 32 257 31,2 1,0 0,1% 7,2% 3.2%
EU=27 2015 32 261 31,7 11 0,1% 6,7% 3,3%
EU=27 2016 30 248 319 1,1 0,1% 6,5% 3.4%
EU=27 2017 29 241 324 1,0 0,1% 6,2% 3.1%
EU=27 2018 37 297 40,1 1,2 0,1% 6,1% 2,9%
EU=27 2019 44 269 40,1 1,2 0,1% 5,3% 2,9%
EU=27 2020 40 252 40,3 1,2 0,1% 4,9% 3,0%
EU=27 2021 48 403 40,3 1,2 0,1% 7,2% 3,0%
EU=27 2022 60 378 404 1,5 0,1% 5,3% 3,7%
Average 39 290 36,5 1,2 0,1% 6,1% 3.2%
Min 29 241 31,2 1,0 0,1% 4,9% 2,9%
Max 60 403 404 1,5 0,1% 72% 3,7%
Median 37 261 40,1 1,2 0,1% 6,2% 3.1%
St. Dev. 10 56 42 0,1 0,0% 0,8% 0,2%

Source: FADN and own calculation

Austria has the highest forest specific cost per farm, followed by Denmark, Latvia,
Slovakia, Estonia, with an EU=27 average of 39.1€/per farm. In nine countries data are missing.
In terms of output from forestry and wood processing, Austria has the highest, followed by
Slovenia, Estonia, Germany, Latvia, with EU average=27 290 €/per farm. In eight countries
data are missing. Forest land on farms is highest in Austria, Estonia, Latvia, Slovenia and
Luxembourg, with an EU=27 average of 1.2 ha. In ten countries data are missing (Figure 1).
Unfortunately, no data are reported for Bulgaria.
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Figure 2. Forestry (share) in agricultural holdings by country, 2022

The highest share of forestry specific cost in total specific cost is observed in Austria,
followed by Slovenia, Latvia, Estonia, Greece, with EU=27 average 0.1%. The share of forestry
and wood processing in total non-agricultural production is highest in Slovenia, followed by
Austria, Portugal, Latvia and Estonia, with an EU=27 average of 6.1%. The share of woodland
area in total agricultural area is in Slovenia, followed by Austria, Latvia, Estonia and Portugal,
with an EU=27 average of 3.2% (Figure 2).

3.2. EU policy to support agroforestry

Agroforestry enjoys recognition and support at EU level from the Common Agricultural
Policy (CAP). Farmers can receive direct payments per hectare of land for agroforestry, as well
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as support for establishing or maintaining agroforestry systems under the rural development
strand of the CAP. The high environmental and social value of agroforestry was only recognised
at EU level in 2005. In the 2007-2013 programming period, agroforestry was included among
the forestry measures to be supported in Member States' rural development plans, but with
limited relevance. In the 2014-2020 programming period, farmers and foresters receive support
from both pillars of the current CAP. As a sustainable practice providing many environmental
services, agroforestry can contribute to the three objectives of the current CAP: viable food
production, sustainable management of natural resources and climate action and balanced
territorial development. In 2017, Regulation 2017/2393 contributed to improving the eligibility
of agroforestry under the CAP.

The agroforestry policy framework post 2023 to 2027 has shifted the focus towards
efficiency and provided more flexibility to Member States in developing their strategic plans. In
the current programming period, agroforestry is included in the new "green architecture” of the
CAP and in the EU Forestry Strategy. Support has been maintained through both direct
payments and agri-environmental climate schemes. Agroforestry occupies an increasingly
broad policy framework in key building blocks of the European Green Pact - the Farm to Fork
Strategy and the Biodiversity Strategy. Agroforestry has found an important place in the
implementation of carbon farming. The need for a European agroforestry strategy is
increasingly clear to provide a framework to be recognised by Member States, with the
possibility of acknowledging the delivery of ecosystem services (Mosquera-Losada & all, 2023).

3.3. Policy to support agroforestry in Bulgaria

The main normative document in Bulgaria defining the elements of the agroforestry
system is Regulation 3 of 10.03.2023 on the implementation of interventions in the form of
direct payments included in the Strategic Plan for the RDP. Within the framework of the norms,
agroforestry systems are distinguished by a set of farming systems in which species of
perennial trees or shrubs are cultivated, with a maximum number of 100 trees. Agroforestry
systems include farming systems, silvopastoral systems, forestry farming, alley system, buffer
strips or strips, riparian buffer strips, buffer strips. The application of agroforestry practices may
take place in agricultural areas, permanent crops and permanent grassland. Bulgaria's new
strategic plan includes 10 forestry interventions, with only one targeting agroforestry -
intervention I.C.7 - Eco-scheme for maintaining and improving biodiversity in forest
ecosystems. Beneficiaries are farmers who qualify as active farmers. The intervention is aimed
at maintaining and improving biodiversity in forest ecosystems by introducing the practice of
growing crops on marginal agricultural land that have reached a maturity that is favourable for
wildlife feeding. The planned amount is €215/ha, against a budget of €4,366 thousand.

4. CONCLUSION

Agroforestry can be a sustainable alternative to traditional farming practices by reducing
negative impacts to some extent by protecting and maintaining environmental factors. In terms
of environmental benefits, agroforestry has the potential to contribute to several of the nine
objectives by: contributing to climate change mitigation and adaptation, and sustainable
energy; promoting sustainable development and efficient management of natural resources
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such as water, soil and air; contributing to biodiversity conservation, improving ecosystem
services and protecting habitats and landscapes; promoting employment, growth, social
inclusion and local development in rural areas; and promoting the development of sustainable
agriculture. Areas for development in this direction are raising social awareness, promoting
agroforestry education and extension at all levels, improving access to data for decision
making, knowledge provision, etc. Economic incentives (subsidies, grants, taxes and schemes)
need to be improved to recognise and compensate for the benefits provided by agroforestry.
With an integrated development approach, rural areas can benefit more fully from the benefits
of agroforestry.
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DEVELOPMENT OF A COMPREHENSIVE INDICATOR SYSTEM
FOR MONITORING SUSTAINABLE TOURISM
IN FORESTRY-BASED ENVIRONMENTS

Sonia Mileva, Mariana Assenova, Vasil Marinov, Radenka Mitova,
Elena Petkova, Borislav Grigorov, Emil Petrov, Leonid Todorov

Abstract: This research aims to develop a comprehensive indicator system for monitoring sustainable
tourism in forestry-based environments. The study will focus on identifying key indicators and
methodologies to assess the impact of tourism on economic, social, and ecological aspects within the
context of forestry. The research will involve an analysis of theoretical sources, existing practices
worldwide, and the specific conditions and factors influencing forestry-based tourism. The investigation
will address various aspects, including the effectiveness of tourist demand, tourism offerings
(infrastructure, services, enterprises), and the overall impact of tourism on sustainability, carrying
capacity, and resource potential.

Keywords: indicators, sustainable tourism, forest-based tourism, monitoring

1. INTRODUCTION

Forests play an essential role in the well-being of humanity by providing a wide range of
ecosystem services and they have exceptional cultural and recreational importance. The wise
multifunctional use and the protection of forests are the main policy challenges for their
sustainable management.

The literature search across global databases revealed that few publications address
indicators for monitoring sustainable forest tourism development. Notably, existing systems
seem inadequate for assessing environmental sustainability in this specific context. In addition,
just a few publications provide empirical evidence on the positive or negative impacts of tourism
and recreation on forests (Brandt and Buckley, 2018). Kuvan (2005) emphasizes that
minimizing tourism's negative impacts on forests requires a deep understanding of how tourism
activities create these impacts. The review of a number of studies discussing the issue indicates
that it is not sufficiently researched, it is complex and ambiguous, and there are serious barriers
to deriving a system of indicators for tourism in a forest environment, mainly due to the specifics
of the environment. For the above reasons this research aims to develop a concept for a
comprehensive indicator system for monitoring sustainable tourism in forestry-based
environments through integration of up-to-date research from different domains.

2. RESEARCH METHOD
The fulfilment of the research aim requires the following tasks to be performed: 1) Define

the scope, specifics, impacts and monitoring of tourism in forest-based environments; 2)
Identify indicators for monitoring the aspects of sustainability relevant for forest-based
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environments; and 3) Elaborate a conceptual model for a comprehensive indicator system for
monitoring sustainable tourism in forestry-based environments.

The research approach is grounded on a thorough review of scientific publications,
covering forest-based tourism and its monitoring on one hand, and on the other — existing
systems of indicators for monitoring sustainable tourism. Two sets of keywords have been used
to find relevant publications, namely “tourism development indicators monitoring” and “indicator
monitoring sustainable forest tourism”.

3. FOREST-BASED TOURISM - SCOPE, SPECIFICS, IMPACTS AND MONITORING

Forest-based tourism is associated with a variety of recreational activity types. In all
cases, the forests appear as a critical latent primary factor for tourism production (Marcouiller,
1998) because forests comprise tourism's natural capital and supply raw materials, and the
forest itself is a touristic and recreational product (Kuvan, 2005). Buultjens et al. (2003) outline
some specifics of the forest-based tourism industry located in rural, often mountainous
environment and in protected areas.

Alam et al. (2010) emphasize the importance of stakeholder conflicts in forest
environment. Probstl et al. (2009) outline five main conflict types typical of forest-based tourism:
recreation vs nature protection, forest use, different user groups, hunting and fishing, and
crowding. The most frequently mentioned positive impacts related to forest-based tourism are
providing rural development (Buultjens et al., 2003), social well-being (Probstl et al., 2009),
forest protection, re-forestation (Brandt & Buckley, 2018; Alam et al., 2010), natural resource
conservation activities, preservation of biodiversity (Zoysa, 2022). The environmental adverse
impacts of forest-based tourism are the most frequently highlighted in the literature -
deforestation, forest allocation, forest ecosystem degradation (Kuvan, 2005; Brandt & Buckley,
2018), gene piracy, wildlife crimes, and trade of protected flora and fauna (Zoysa, 2022),
vegetation trampling, soil compaction (Deng et al., 2003; Turton, 2005), water contamination
and soil erosion, the spread of weeds, feral animals and soil pathogens (Turton, 2005), the
emergence of introduced, invasive and alien plant species (Pongpattananurak, 2018). Marion
et al. (2016) synthesized the progress of recreation ecology on adverse visitor impacts on
vegetation, soils, water, and wildlife in wilderness and protected areas, including forest areas.

Indicator systems specifically for monitoring sustainable forest-based tourism have been
developed or presented in several studies such as by Ahtikoski et al. (2011), Gonzélez et al.
(2019), Mapjabil et al. (2015), Mearns (2015), Mutana and Mukwada (2017), Lee et al. (2021).
All of them provide valuable insights and tools for assessing and monitoring the sustainability
of forest-based tourism, including indicators related to service quality, environmental
sustainability, socio-cultural sustainability, and biodiversity conservation. Given the
multifaceted nature of forestry-based tourism, developing a comprehensive indicator system
for monitoring sustainable tourism development in forest environments poses significant
challenges due to the complexity of forest management and tourism impacts.

4. INDICATORS FOR MONITORING SUSTAINABLE TOURISM
IN FOREST-BASED ENVIRONMENTS

Socio-economic indicators for sustainable tourism development in forest regions should
reflect the characteristics of forest territories in general and of specific regions in particular,
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consider the carrying capacity and load pressure on resources, and measure current tourism
demand and supply. Primarily they reveal the satisfaction of social needs and the economic
benefits obtained by various social groups, interested parties and stakeholders (visitors, local
population, staff, etc.). Socio-economic indicators for sustainable tourism development in forest
areas are thus related to the number and satisfaction of visitors and local population, the safety
of people in the respective territory, the tourism enterprises that serve visitors, as well as the
number and qualifications of their staff, the provided infrastructure, activities and services, the
capacity and load of resources, the type and quality of information materials and the content of
information provided to tourists, revenues, costs, wages, investments, etc. The identified most
important  socio-economic indicators, applicable for monitoring sustainable tourism
development in forest areas, fall in several groups presented in Table. 1.

Table 1. Classification of socio-economic and environmental indicators

Social and economic indicators related to: Environmental indicators related to:

- Local population and visitor demographics, | - Air quality, noise pollution, energy consumption
including population numbers and ratios, incl. | and waste management

their satisfaction within the destinations - Terrain preservation and soil quality

- Tourism supply: availability, access, quantity | - Biodiversity conservation

and quality of tourism enterprises, infrastructure, | - Deforestation/reforestation caused by tourism

sites, activities, products, and services development
- Employment and staff in tourism - Forest health in relation to tourism activities
- Information provided to visitors - Trampling and trail degradation/erosion

- Income, revenue, costs, investment, wages

Source: authors own elaboration

Environmental indicators for monitoring sustainable tourism development are related to
the capacity and use of natural resources, state of natural environment and the levels of
conservation, protection, reduction of use, consumption, quality and pollution of nature and
natural resources, such as air, water, energy, land, terrain, soils, flora, and fauna. These
indicators reflect the environmental benefits and costs that are realized due to tourism
development at destinations. Environmental indicators for monitoring sustainable tourism
development of destinations, classified in groups according to core criteria related to the type
and effects on natural resources, are presented in Table 1.

Sustainable tourism management in forest environments requires the availability of
sufficient, detailed, quality, up-to-date, timely, and reliable information for monitoring and
informed decision-making and evidence-based policy-making. The identified indicators are
both qualitative and quantitative. The respective values of the indicators could be obtained or
derived from statistical data and studies, data on the Internet, administrative data and data
collected at tourism sites, primary information obtained by regular or ad-hoc surveys, etc. There
are already examples of research, demonstrating the use of available information from social
media and GIS-based data regarding tourism in forest-based environments, proving that it can
serve as a reliable alternative for empirical data. (Wood et al., 2013; Liang et al.,2023). Passive
mobile and GPS data provide information not only on the number of visitors but enable the
assessment of inter-regional and intra-regional tourist flows and their spatio-temporal behavior
(Hardy, 2020; Reif and Schmiicker, 2020). Unmanned aerial vehicles (UAV) as a geospatial
technology is increasingly being used in various scientific studies of forest territories. Thus, an
information system to feed the monitoring of the selected indicators should consider including
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the following information sources, depending on the objectives, selected indicators and cost:
1) Secondary data — statistics, reports and studies, administrative data; 2) Primary data —
surveys of visitors, data collected at tourism sites and tourist attractions; 3) Social media, GIS-
based data and UAV; 4) Stakeholder’'s own internal information.

5. CONCEPT FOR A COMPREHENSIVE INDICATOR SYSTEM FOR MONITORING
SUSTAINABLE TOURISM IN FORESTRY-BASED ENVIRONMENTS

The proposed concept for developing a comprehensive indicator system for monitoring
sustainable tourism in forestry-based environments integrates the knowledge of forest-based
tourism and the application of indicator systems for monitoring sustainable tourism (Fig. 1). The
conceptual model for developing the respective indicator system is regarded as a process,
comprising several consecutive and interrelated steps, starting with defining the state and
conditions of the forest environment, the respective types of activity and their impacts.

+ Secondary sources of
information

* Planning the acquisition of
primary information

+ Social media, GIS-based

data and UAV

* Specific natural resources
and factors of forest
environment

* Carrying capacity

+ Stakeholder's intemnal
information - Type of
) Information environment

system

Tourism impacts
and related

Type of activity
indicators

* Aspects of sustainability -
+ Positive and negative
impacts

+ Services and products -

tourism supply, including

« Defining clear and general and specialized
common objectives infrastructure

« Selecting respective + Tourism demand -
\_indicator J segments and visitor flows _
Figure 1. Conceptual model for a comprehensive indicator system for monitoring sustainable
tourism in forestry-based environments

Due to the environmental specifics of each forest destination it is not possible to develop
and apply a unified system of indicators. From a methodological and systematic point of view
it is also important to define what are the main objectives and what should be measured,
monitored and managed? Residents of destinations should be involved in defining what should
be measured as they are the affected by tourism development (Butler, 2022), especially in
environmentally sensitive destinations. Based on these answers the selection of adequate
indicators is possible encompassing the economic, social, and ecological dimensions.

Identifying and defining indicators to effectively monitor the impact of tourism on
economic, social, and ecological aspects involves a systematic process that considers the
specific context of the destination and the objectives of sustainable tourism management. The
indicators selected should produce desired, comparable results, they should be useful for
measuring and monitoring tourism impacts. Each forest destination can choose the most
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relevant indicators to be adopted and monitored in order to meet the needs of the destinations,
the interests of local stakeholders and the specific sustainability issues that the destination
faces. This requires relevant stakeholders’ engagement, including local communities,
government agencies, tourism operators, conservation organizations, and academic
institutions, to identify key concerns and priorities related to tourism impacts.
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INVENTORY OF WOOD ENERGY CONSUMPTION AND GHG
EMISSIONS FROM WOOD FUELS IN VOJVODINA

Branko Glavonii¢, Aleksandra Lazarevi¢, Milian Kalem

Abstract: Vojvodina is one of the five regions in Serbia, with a population of around 1.9 million residents.
By this indicator, Vojvodina is the second-largest region in Serbia. However, with approximately 0.7
million active households, Vojvodina leads the regions in Serbia. Despite the fact that the forest cover in
this region is only 7.97%, and gasification has been implemented in many populated areas, close to 40%
of households in this region still use wood as a heating fuel. This makes this region interesting for
research regarding wood fuel consumption.

The results of the conducted research have shown that the consumption of firewood in 2021 amounted
to 1.62 million cubic meters, and wood pellets were around 52 thousand tons. The average firewood
consumption per household in urban areas was 6.3 cubic meters, while in rural areas, it was 6.9 cubic
meters. Translated into energy efficiency parameters, the average consumption of wood energy per 1
square meter of the heated area in urban areas was 199 kWh, and in rural areas, it was 214.5 kWh.
The consumption of wood energy in the households measured in kWh/m2 of the heated area is not
satisfactory in this region. Its values are beyond the values of the last class of the energy passport for
residential buildings [G class > 188 kWh/m?2 (a)].

Key words: inventory, energy, wood, households, consumption.

1. INTRODUCTION

Monitoring the consumption of wood fuels and the greenhouse gas (GHG) emissions
resulting from their combustion has become a subject of interest for policymakers, experts, and
the scientific community in Serbia over the past decade. The reasons are numerous, with one
of the most significant being Serbia's reporting to international organizations responsible for
monitoring climate change and, consequently, GHG emissions tracking. For this reason,
several projects have been implemented in the last ten years with the aim of inventorying wood
energy consumption in Serbia as a whole and its individual regions.

The data from the latest project, carried out in 2021, were used for the development of
the Integrated National Energy and Climate Plan of the Republic of Serbia until 2030 with a
vision for 2050 [1] and [2].

Wood energy represents one of the most important forms of energy from renewable
sources used for heating purposes in Serbia, making a significant contribution to achieving
Serbia's projected goal of a 41% share of energy from renewable sources in total gross final
energy consumption by 2030. This paper presents the results of research on wood energy
consumption in the Vojvodina region (the second-largest region in Serbia), obtained through
the implementation of a project within the national forest inventory and with the support of the
FAO organization.
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2. MATERIALS AND METHODS

The research aimed to collect data on types, amounts, and values of wood fuels being
consumed in the Vojvodina region, as well as GHG emissions from their combustion.

The research included the most important categories of wood energy consumers: (i)
households (urban and other), (i) public buildings (schools, health-care centres, ambulances,
kinder gardens, local government facilities, etc.), (iii) commercial buildings (restaurants, meat
roasters, bakeries, car repair services, shops, business facilities, etc.), and (iv) wood fuels
producers (producers of pellets, briquettes, wood chips).

Based on the results the corresponding balance of GHG emissions was developed. The
inventory included a calculation of the emissions of carbon dioxide and nitrogen oxides.

In accordance with the set research objectives and chosen consumer categories, an
appropriate methodological concept has been developed. This concept is based on the
WISDOM methodology, which has been applied in numerous FAO projects in the Western
Balkans and beyond. The essence of this methodology lies in defining a sample for the purpose
of surveying households and other consumer categories. Regarding households, the sample
was obtained by subtracting the number of households using gas, district heating systems,
electricity, and heating oil from the total number of households in this region. This way, the
number of households using solid fuels (wood fuels and coal) was determined. This derived
number of households was the focus of the research, and all wood fuel consumption was
calculated in relation to this number of households. As for other consumer categories, efforts
were made to include as many facilities using wood fuels as possible to obtain a more realistic
picture of their consumption.

Consistent with the above mentioned, the household survey sample covered 701
households, with 449 households in urban areas and 252 in rural areas. Households in the
sample were selected based on the principle of random sampling from the appropriate
database using relevant statistical tools. A survey on wood and wood fuel consumption in public
and commercial buildings had the intention to ensure proper geographical distribution in the
entire selected region.

The collection of data on wood fuel consumption and characteristics of buildings and
appliances for wood fuels combustion was conducted using the appropriate questionnaire.
Households were interviewed between April 20t and June 15t 2021.

The calculation of the GHG emissions from the wood fuels combustion process in the
chosen region was based on the IPCC 2006 methodology and additions from the corresponding
European standards, relevant scientific papers and publications measurements from practice.

3. RESEARCH RESULTS AND DISCUSSION

The most significant category of consumers of wood fuels in Vojvodina is represented by
households. In addition to them, consumers of wood fuels also include public facilities (schools,
kindergartens, health centers), commercial facilities, and industry. In this context, firewood
represents the fuel with the highest consumption compared to other types of wood fuels.
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One of the specific features of wood fuel consumption in households in Vojvodina is that
they often combine firewood and briquettes with agro biomass.That is reasonable since this is
a region with a lot of agricultural soil. Every year residuals of wheat, corn, sunflower, soy and
other agricultural cultures are numerous and are used for energy purposes. Furthermore, the
combinations of gas (LPG) and wood fuels are also very spread in Vojvodina. Fig. 1 depicts
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Figure 1. Overview of certain fuel types consumed for heating ~ within the FAO project, 30

households in Vojvodina (Glavonji¢, 2022) different combinations of
fuels have been

registered. The households in this region may use only one or combine up to four different fuels
(e.g. wood, coal, electricity and gas/LPG). The combinations of two or more fuels have been
registered in the households with the individual heating appliances which simultaneously heat
many rooms.

The third characteristic of the fuel consumption in Vojvodina is a high share of the agro biomass
in the forms of cobs, straw and sunflower husks, as well as grainy residues. The agro biomass
is mostly combined with firewood. The share of households that combine firewood and agro
biomass for heating is predominantly spread in South Banat, Middle Banat and Western Backa.
The total consumption of wood fuels in households in this region was: firewood 1,620,254 m3,
wood pellets: 51,802 tonnes, and wood briquettes 5,004 tonnes. Additionally, in public and
commercial facilities, as well as in the industry, 3,547 m? of firewood, 984 tonnes of wood
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pellets, and 37,972 tonnes of sawdust/wood chips were consumed during heating season
2020/2021.

The consumption of wood energy in the households measured in kWh/m? of the heated area is
not satisfactory in this region. In urban households, the average consumption of wood energy
was 199 kWh/m2, while in rural households it was 214.5 kWh/m2,

Boths values are beyond the values of the last class of the energy passport for residential
buildings [G class > 188 kWh/m? (a)].

The high consumption of wood energy in households in Vojvodina is a result of the large area
of residential space being heated. According to the results of a conducted survey in
households, the average number of rooms in residential facilities (including kitchen, corridor,
and WCltoilet) being heated in urban settlements in Vojvodina is 5.6, while in other settlements,
itis 5.3. The average area of residential facilities in urban settlements in Vojvodina is 103.4 m?,
and in other settlements, itis 108.5 m2. The average area being heated in residential facilities
during the heating season at the level of Vojvodina is 81.6 m2in urban and 82.7 m2in other
households.

In addition to the size of the heated area, an important factor influencing wood energy
consumption is the timing of firewood procurement relative to the begining of the heating
season (Figure 2).

Urban Other

m 2-3 weeks before heating seasons Upto 1 month
m2-3 months m 4 tob months
W After the end of the previous hesting season B Uptolyear in advance

mCombined, before and during the heating ssason

Figure 2. Timing of purchase of firewood by households relative to the beginning of the
heating season in Vojvodina

The largest number of urban households in Vojvodina purchased firewood some two to three
months before the heating season (35%). The share of households that purchased firewood
some four to six months before the heating season is 30%, and those that purchased it right
after the end of the previous heating season is 8%. A similar situation is in the households that
are located outside urban zones. The share of households that partly purchase firewood before
the heating season, and partly during the heating season amounts to 18% (outside urban zone).
That is reasonable because of their agricultural works in the summer months.

Considering the question of the complete or partial purchase of wood fuels in Vojvodina, almost
55% of households purchase the wood fuels completely before the heating season, and the
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rest partially: some of them before the heating season and some of them during the heating
season. Since the last three winters were mild, many households decide to partially purchase
the wood fuels.
Generally, the firewood purchase by households in Vojvodina is unsatisfactory because only
40% of the urban and 36% of the other households purchase firewood early enough before the
heating season so that it can dry to the acceptable and energy-efficient moisture content (below
30%).
On the question “why they consume the fuels they consume”, 54% of the households in
Vojvodina stated that it is the cheapest solution for them (22%), that their heating appliances
need exactly those fuels (18%) and that is easiest for them to purchase exactly those fuels
(14%).
The most important wood fuels supply channel for the households from Vojvodina is heating
fuels warehouses, from which the wood fuels are provided to 56% of the households. The
second important supply
channel  consists  of
firewood traders. They
supply  26% of the
households. The share of
other supply channels is
under 10%. The remaining
8% of the households from
Vojvodina is supplied from
the state-owned forests
(fig. 3), due to the small
forest coverage of the
territory in this region.

3% 29
4%

8%

Vojvodina

56%

M From own forest m Friends who have their own forests

From State forests (forest unit) From heating fuels warehouse

o Traders mWood pellets producers

According to the survey,

Figure 3. Firewood supply chains of the households in  68% of the households in

Vojvodina Vojvodina consume

firewood only for heating,

17% for heating, hot water

and cooking, whereas the remaining 15% consume it additionally for the production of brandies
and drying of meat and plums.

When it comes to GHG emissions that arise from burning wood fuels, the results of conducted
research have shown the following:

- Total CO, emissions stemming from the wood fuels combustion in Vojvodina during the
heating season 2020/2021 are estimated to 2.05 million tonnes (see table 11). Some 97.6%
of these emissions stemmed from households (2 million tonnes of CO,), whereas the
remaining 2.4% stemmed from all other consumers categories.

- The emissions of nitrous oxide (N20) were not that high: 67.6 tonnes.
- The emission of sulfur oxides is symbolically low from wood fuels.
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4. CONCLUSION

Based on conducted research, it can be concluded that wood fuels represent an important
source of energy for households and other consumer categories in Vojvodina. This is especially
true for firewood, whose share in wood fuel consumption is dominant, particularly in
households.

Although wood fuels are crucial for the energy needs of households, public, and commercial
facilities in Vojvodina, their usage efficiency is not satisfactory. This is particularly applicable to
firewood. There are three dominant factors contributing to the unsatisfactory efficiency of
firewood usage: late procurement timing relative to the begining of the heating season in a
significant number of households, inadequate thermal insulation on heated buildings, and low
efficiency of heating devices used in households. Therefore, it is necessary to take action to
improve these three factors in the coming years to bring the state of firewood usage efficiency
to a satisfactory level.

Experiences from implementing such activities in other regions of Serbia exist and can be
implemented in the Vojvodina region with relatively little effort but with appropriate support from
decision-makers.
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DECARBONIZATION OF THE WOOD INDUSTRY IN BULGARIA
WITH THE USE OF HYDROGEN TECHNOLOGIES,
AND ACCORDING TO THE EUROPEAN GREEN DEAL

Dimitar Blagoev

Abstract: This study aims to investigate the potential of the hydrogen technologies for application in the
decarbonization of the wood industry, considering their economic efficiency. First part of the study
estimates the energy consumption of the Bulgarian wood industry using statistical information for past
periods. The second part analyses the existing hydrogen technologies with respect to their total efficiency
and potential when applied for decarbonization of the wood industry. In the final part of the study we
attempt to determine the most appropriate hydrogen technology that can be used for decarbonization of
the wood industry in Bulgaria, based on its overall economic efficiency.

The object of the study is the Bulgarian wood industry, according to the Statistical classification of
economic activities in the European Community (NACE), 2008.

The study examines particularly the innovation and investment aspects of the hydrogen technologies for
decarbonization of the processes that are directly involved in the output of the companies of the Bulgarian
wood industry, and can also be successfully managed. To achieve our goals we use statistical data, two-
dimensional distributions and simulation of relevant economic functions.

Keywords: decarbonization, hydrogen technology, green deal, climate changes

1. ENERGY EFFICIENCY AND ENERGY INTENSITY OF THE BULGARIAN INDUSTRY
(PARTICULARLY WOOD INDUSTRY)

Bulgarian industry has the highest energy intensity among all of the countries in the EU.
The energy consumption related to the gross domestic product (GDP) per capita is almost three
times higher than the average value for the EU. The carbon footprint of the entire Bulgarian
economy is very alarming. It is approximately 4.3 times higher than the average value for the
EU (** The hydrogen future of Bulgaria, 2023, p. 9).

The energy intensity (or the total energy consumption) is an indicator of the Total energy
balance, which is calculated in tons of oil equivalent (toe). This indicator measures the total
energy consumption, excluding all of the energy carriers used for non-energy purposes (e.g.
natural gas that is used for production of chemicals). The total energy consumption comprises
only the energy, which is consumed by the end users (in this particular case the end users are
represented by the companies in the wood industry). This excludes the energy consumption
from the energy sector and the loses from the energy transfer and distribution (National
Statistical Institute (NSI), Bulgaria, 2024).

Bulgarian economy has relatively low energy efficiency and, respectively, high energy
intensity for generation of the GDP (Figure 1A and Figure 1B).
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Figure 1. Energy efficiency and energy intensity of the Bulgarian economy
Source: Eurostat

Although during the last 23 years the average values of the energy efficiency tend to
improve, i.e. the total energy consumption drops, Bulgaria shows quite steady energy
consumption (Figure 1A). In this respect, the rise in the value of the GDP results in lower energy
consumption per unit of GDP, but still Bulgaria has as much as twice energy intensity per unit
GDP when compared to the average levels of EU (Figure 1B).

In the context of NACE, Bulgaria, 2008, the data for the energy intensity for the subsectors
“Forestry” and “Production of wood materials, timbering without furniture production, cork
production; production of straw materials and materials for knitting” are relatively constant, but
still with a light trend for a decrease in the respective values (Figure 2). The steadiness of the
energy consumption by the wood industry shows an alluring potential for implementation of
innovative and energy saving technologies with minimized or eliminated carbon footprint. These
technologies would lead to an increase in the energy efficiency and a decrease in the energy
intensity, and the respective direct or indirect decrease in the wood industry contribution to the
greenhouse gases generation.
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Figure 2. Total energy consumption in thousands of toe.
Source: NSI, Bulgaria. The data has been subjected to some recalculations.
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2. HYDROGEN TECHNOLOGIES FOR DECARBONIZATION OF THE WOOD INDUSTRY

The use of hydrogen technologies in the European economy is recognized as a key factor
for fulfilment of the ambitious goals of the European Green Deal. These technologies are
ratified in the European Climate Law: decreasing net emissions of greenhouse gases in EU by
2030 with at least 55% from the levels in 1990, and achieving zero net emissions by 2050 (***
The European Climate Law). For achieving these goals in the “Strategy for hydrogen use for
climate neutral Europe” (2020), there is planned huge transformation in all of the economy
sectors, which is based on the production and consumption of hydrogen (***The hydrogen
future of Bulgaria, 2023). The hydrogen can be used as a raw material, fuel, or accumulated
energy carrier, and can be vastly utilized in the industry. It appears as important raw material
for decarbonization of key industrial sectors of the economy.

Natural gas reforming is the main contemporary process for producing of hydrogen. This
process is accompanied by production of carbon monoxide (CO) and eventually carbon dioxide
(CO2). If the greenhouse gases are not captured in the process, the hydrogen is referred to as
“grey hydrogen” (Hydrogen Europe, 2020). The hydrogen that is manufactured by natural gas
reforming coupled with carbon capture and storage is called “blue hydrogen”. According to
some sources, this is also the hydrogen that is produced by the electrolysis process, but with
the use of energy from uncertified electric power systems. There are also “pink”, “yellow” and
“green hydrogen”, the last being obtained via electrolysis, but with the use of energy form
renewable energy sources and without greenhouse gas emissions (The hydrogen future of
Bulgaria, 2023). The green hydrogen is the subject of the present investigation.

The additional decrees of the law for energetics (LE) give a definition for the notion “green
hydrogen”, which states that this is hydrogen obtained via electrolysis or other methods that
use renewable energy sources, e.g. biogas or biomethane (Law for energetics, 2024).

During the last two years there is an accent over the green hydrogen has been made in
the European politics and funding programs.

3. TECHNICAL ASPECTS OF A HYDROGEN FACILITY FOR DECARBONIZATION

To fulfil the goals of the European Green Deal, hydrogen facilities can be built in order to
assist in decarbonization of the activities of the companies from the wood industry in Bulgaria.
These facilities are expected to support the achieving of much lower carbon footprint via
generation and proper utilization of green hydrogen. The primary constituents of such hydrogen
facility are structures that are intended for:

- Generation of green hydrogen — electrolysis module

- Storage of green hydrogen — special structures in the hydrogen facility

- Utilization of the green hydrogen for generation of electric power — installations for
distribution of the electric energy

- Auxiliary facilities

3.1. Electrolysis module

The electrolysis of water is a process that uses electricity to decompose water by splitting
it into hydrogen and oxygen. Here, we are focused on the use of proton exchange membrane
(PEM) electrolyzer — an equivalent of “GINER S400”, 2.1 MW (Table 1).
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Table 1. Main technical parameters of a PEM electrolyzer

Generation of hydrogen 400 Nm3/h

Outlet pressure — nominal value 4.0MPa — maximum differential pressure of
H, with respect to O,

Purity >99.9%, Water vapor < 500 ppm
N2 <2 ppm, O, <1 ppm

Electric power 2.1 MW

Volume flow rate of chemically desalted ~0.8 m¥h

water (deionized water) at maximum power

Purity of chemically desalted water minimum ASTM Type II; <1 pS/cm (>1

(deionized water) MQ-cm); recommended ASTM Type |
<0.1 pS/cm (>10 MQ-cm)

3.2. Special structures in the hydrogen facility

The structures for storage of the hydrogen gas will be of capacity 20700 m3. For this
purpose, we will need 14 horizontal reservoirs with storage capacity of 50 m3 and pressure of
4.0 MPa.

3.3. Utilization of the green hydrogen for generation of electric power

The generation of electric power from the hydrogen will be carried out in @ module of a

container type, an equivalent of “‘HYDROGENICS”, 1MW (Table 2).

Table 2. Main technical parameters of a generator of an electricity generator

Output power 1 MW 380 V AC/50-60 Hz
Energy efficiency >50 %
Fuel Hydrogen >99.99 %

Consumption 750 Nm3/h per 1 MW
Electric power for private needs — maximum of 40 KW

Released heat Released heat <1.5 MW-h
Temperature of the exhausted air - 70°C
Emissions Noise level at a distance of 1 m — 75 dB
Pollutants — zero emissions
Size and weight Size —2.9x24x12.2 m (84.9 m¥)

Weight — 32000 kg

4. METHODOLOGY OF THE ANALYSIS AND ECONOMIC ASSESSMENT OF THE
HYDROGEN UTILIZATION FOR DECARBONIZATION

The processes of analysis and economic assessment constitute of the following
stages:

[.  Calculation of the initial investments.

[l.  Design of the production schedule.
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lll.  Calculation of the production expenses.

IV. Calculation of the income generated from sales of the electric energy that is not used
for private consumption.

V.  Calculation of the funds that are needed for building of the hydrogen facility.

VI.  Calculation of the initial cash flow (investments).

VII. Calculation of the operating cash flow (net income).

VIII. Calculation of basic and additional financial indicators.

Main incoming resources

Electric power supply - 2.1 MW, power of the electrolyzers - 2 MW, volume of the stored
hydrogen - 20 000 Nm3, economic life - 23 years (3 years for facility construction and 20 years
for operation), cost of capital - 5%, selling price of the electric energy, generation of electric
energy - 1 MW-h, initial investments, income from sales, efc.

Methods and indicators for analysis and assessment of the economic efficiency

1. NPV (Net Present Value); 2. ARR (Accounting Rate of Return); 3. ROl (Return on
investment); 4. IRR (Internal Rate of Return)

According to us, these four indicators are sufficient and adequate for the economic
assessment in our case. They reflect the specificity of the suggested investment, but also stick
to the traditional approaches.

5. RESULTS AND DISCUSSION

Investment expenses for construction of hydrogen facility with power of 1MW will be
12 006 005 BGN

The benefits can be evaluated on the basis of the generated electricity per year and a
forecast (based on analysis of retrospective data) for the average electricity price at the
independent Bulgarian energy exchange. We can divide conditionally the 20 year period of
operation into two subperiods — the first 10 year of operation, when the price of the electric
energy would be 223 leva per MW-h, and a second subperiod of 10 years, when the price of
the electric energy would be 253 leva per MW-h. In this way the forecasted income for the first
subperiod will be 680 370 leva per year, and 770 880 leva per year for the second subperiod.

The funding is 12 006 005 leva and has a weighted average cost of capital 5%. It reflects
both the minimum yield rate for the investors and the cost of the investment bank credits.

Financial indicators for assessment of the economic efficiency of the investment
(Table 3).

Table 3. Value of main financial indicators

Unit of
. Value
Indicator measurement
Net present value (NPV) leva 1146 812
Return on investment (ROI) % 2.3
Accounting rate of return (ARR) % 9.3
Internal rate of return (IRR) % 9.0
Profitability index (PI) number 1.5
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6. CONCLUSIONS

From the calculated indicators for assessment of the economic efficiency we may
conclude that the investment in the considered green hydrogen facility is economically
expedient. Besides the economic efficiency, such investment would have environmentally
friendly ecological effects. All of the calculated indicators have positive values.

All these results are based on the assumption that the electric energy, obtained from
renewable energy sources (photovoltaic systems), and used to power the electrolyzers for the
generation of green hydrogen, is of price 30 leva per MW-h during these 20 years. If the
economic conditions appear to be different, the obtained results will be different too.
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COMBINING THE FORESTRY AND AGRICULTURAL SECTORS
BY USING PERMACULTURE AS A GOOD MEASURE
TO COMBAT CLIMATE CHANGE

Gergana Slavova

Abstract: In recent decades, climate change at the global level has been unpredictable and very startling
with the occurrence of severe droughts, hailstorms, floods, changing seasons and their characteristic
temperature amplitudes. It is therefore logical to seek sound economic, social, natural and environmental
solutions in this direction. Our view is that these several environments should be favourably combined
by using permaculture and combining the agricultural and forestry sectors as an opportunity to counter
global climate change in the world. Permaculture is the practical application of scientific ideas to the
design of man-made natural habitats, especially flora and fauna, which, on the principle of agricultural
systems, are as close as possible to the natural environment. The aim of this paper is to review the
specialized Economic, Environmental literature in the field of permaculture application in the world and
to propose adequate models for the development of agricultural activities combining the agricultural and
forestry sectors in order to reduce the detrimental impact of climate change. To identify the ecological
economic and social aspects. The methods used are of analysis, deduction induction, retrospection,
comparative and contrastive method of analyzing the diffusion factors in introducing innovations in
agrarian and forestry sector and using strategic analysis. The results obtained from the study can be
successfully used by various agroforestry educational environmental social organizations as well as by
farmers, scientists, researchers in the field of forestry and agricultural sector, agroforestry themselves
and agrarian professionals.

Keywords: Permaculture, climate change, agriculture, forestry, Agricultural sector, climate change

1. LINKING CLIMATE CHANGE TO ENVIRONMENTAL PROTECTION AND
PERMACULTURE CREATION

In recent years, serious environmental pollution on the one hand, and global warming on
the other, have made it necessary to look for ways to tackle the problems associated with
keeping the natural environment cleaner. Parallel to this, the trend towards an environmentally
friendly agricultural economy has developed. As a consequence, there is a strong need to
develop agroecology and to look for opportunities to develop diversified farming systems in the
agricultural sector. Permaculture in turn is an international movement and system of ecological
design(Bane,2012). It is "the deliberate design of landscapes by mimicking patterns and
interactions found in nature"(Ewel,1999), while at the same time creating the opportunity to
provide an abundance of food, fibre and energy to meet local needs" (Altieri, 2004) Through
permaculture, models are designed and developed for direct application in the agricultural
sector, emulating the living nature, making it possible to ensure the production of different crops
in direct combination with different types of forest and field plants, and also in combination with
different types of soils and soil fertility. As a consequence, a more sustainable agriculture based
on integrated practices(Slavova,Stoilov, 2021), strategically sound decisions and better organic
guidelines is being built (Bavec et all, 2009) Based on this sustainable agriculture, primary
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resources are being produced by the agricultural sector that can be used with success in light
industry, in different directions. The forestry and agricultural sectors, as well as the international
movement of resources and finished products, come together in this direction.

1.1. Development of permaculture in the modern world

The development of the permaculture society is supported by environmental and other
nature-based organizations and institutes, as it is not only in line with the protection of the
environment and nature in good condition, but is also an extremely good base for the production
of natural raw materials for the food, forestry and light industries. There are several decisive
and limiting factors in the presentation of permaculture as a major tool in the fight against
climate change and the conservation of natural communities and agrarian farms as living
functioning natural farms: first of all the many different definitions given by different researchers
in the field of permaculture (Altieri and Toledo, 2011;Francis et all, 2011) Unfortunately, much
of what has been written about permaculture as a solution to the problem has not been
institutionalized in Europe and is based on real advances in practice that are isolated from
research.(Bell, 2005) At the same time, however, the government of America expressed,
through the Department of Agriculture has a department focused specifically on the
development of agroforestry and the establishment of permaculture. Secondly, there is no
complete systematic study of the origin of the idea and its application to permaculture
construction and establishment, but it can serve with great success to reinvent traditional
ecological knowledge and to make adaptive management decisions in real
agribusiness.(Berkers et all, 2000). And permaculture in turn has a number of strengths and
weaknesses in its application. It differs substantially from agroecology although it also has
points of convergence with it.( Hobbs et all, 2011) In the late 20th century it was first defined
as "an integrated, evolving system made up of perennial or self-perpetuating plant and animal
species useful to humans.(Holzer, 2011) It was then first seen in more substantive terms, as a
whole agricultural ecosystem of modelling based on existing simpler examples. Within just 10
years later, new definitions of permaculture emphasize the conscious design and maintenance
of products in agriculture and in ecosystems that have a diverse, stable, sustainable and natural
system.( Higgs, 2012) The emergence of ecological and plant biology protection, as well as
alternative farming organisations, are giving a strong impetus to this global process. And also
the construction of eco-routes and eco-villages and eco-communities promote significantly the
development of permaculture. Thus, it is becoming a good alternative for organic food
production, as well as products and resources for the production of clothing from natural
materials and raw materials. Moreover, through it, the balance between humans and nature is
brought back in a more easy and pleasant way. Permaculture is a way of thinking globally at a
world level. It uses renewable energy sources and creates conditions for the use of natural
energy. The main objective of permaculture is the understanding of the bioeconomy and
environmental protection, as well as the return of the direct relationship between man and
nature. Mollison and David Holmgren first mentioned that plants from different continents and
communities can be present in the application of permaculture (Ferguson and Taylor, 2014).
This is how most permaculture can be built in different countries. With climate change, it is now
possible to sow much more heat-loving crops in our country, such as: pomegranates, kiwis,
figs, olives, etc. In the northern countries, crops can be sown which used to thrive only in
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temperate continental climates. At this stage, the largest numbers of permaculture communities
and organisations in the world are in America, China and England. If we analyze world
agriculture today, we can find that the idea of permaculture coincides perfectly with the idea of
developing sustainable agriculture (Gomez et all,2013). And sustainable agriculture is the right
solution for climate change. This is achieved through a continuous farming process in which a
second and a third crop are sown after the first crop and, in parallel, the co-development of
these crops is combined with the cultivation of forest crops and the development of
agroforestry. The combination of forestry with agroforestry was first proposed by Russell Smith
in his work Tree Crops (Ferguson and Taylor, 2014). Permaculture combines extremely well
with agroforestry and perennial cropping (DeHaan et all, 2005) , as well as with the design of
using different agroforestry systems and applying mimicry and alleopathy between them.
Mimicry is a form of natural protection consisting of imitation of natural processes in order to
protect crop species and their survival, while aleopathy is the interaction between crop species
of plants, herbs, spices and flowers in order to protect them from each other and from pests
and diseases. Good examples of this are the use of aleopathic plants such as: basil sown next
to tomatoes, tagetes sown in the vegetable garden or lettuces sown near vegetables to protect
them from pests. When looking for mutual benefit in the different types of crops grown, we can
easily find that tree crops stabilize the soil and give the crops grown with the permaculture
method a chance to grow different agro-crops. In this way we can grow crops on different
slopes, with different gradients, for example on hills and uneven surfaces.Permaculture,
alongside agroecology, reflects the intersection of ecology and agricultural production in the
world.

1.2. Key elements of permaculture

Agroecology and permaculture can develop in an uneven relativity and create the
possibility of developing very good rural farms, especially under conditions of climate change,
such as droughts and changing seasons. The agroecological literature analysing the
development of agroecology and permaculture comes mainly from the USA and from Austria
and the United Kingdom. The geographical distribution of permaculture began over time,
precisely from these countries. The main elements of permaculture are represented by the
following figure:
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Fig. 1 Basic elements of permaculture, (based on Ferguson and Taylor,2014)

To these elements presented in Figure 1, in our opinion, two more main elements should
be added: the good combination of all elements with the new climatic changes with and with
the application of the possibility of combination with agroforestry.Thus, in our opinion, through
the use of natural slopes and of woody vegetation, as well as of natural lakes and water
sources, conditions are created for overcoming the microclimatic changes in a given area.
Growing and combining different perennial crops in an area, e.g. cereals with tree crops, should
lead to synergies between multiple crop growers on farms (Glover et al, 2010). On the basis of
the ecological, economic and social components, good preconditions for permaculture
development are created on the basis of the location and design tools of an agrarian production,
as well as opportunities to overcome wind and soil erosion in the area. This can be achieved
through the use of already existing or the creation of new forest belts or tree field barriers. The
use of artificial canals linked to natural water sources for irrigation in turn leads to much better
opportunities for overcoming climate change and also for establishing permaculture and
developing agroforestry. Natural sources of light and energy, such as the sun, wind and water,
can be used directly to build good permaculture communities. Through their proper use, not
only global warming and climate change are overcome, but also serious natural and human
cataclysms, such as: droughts, forest fires, hail, frost, glaciation, icing, floods and other adverse
phenomena.( Bane, 2012) Very good solutions for overcoming some adverse cataclysms and
global warming are not only the forest and field protection belts, but also the construction of
dykes, fire channels, windbreaks, water channels for irrigation and others. All of these are very
conducive to the use and construction of permaculture communities. And underlying all this is
the concept of making good use of the landscape and the local varieties of crops grown, as
well as their natural combination with other plants and animals, based on aleopathy. Through
proper application and cultivation of permaculture, protection from wind erosion is achieved by
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