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Abstract

The increasing emphasis on environmental protection, climate change mitigation, and the
transition to a circular economy requires industries, including the wood-processing sector,
to integrate sustainability into strategic and operational management. Green growth indica-
tors represent essential tools for evaluating the environmental, economic, and social impacts
of business activities, while also contributing to the sustainable economics and responsible
management of forest resources and products. This study applies a qualitative research de-
sign using structured interviews with 10 executives from medium and large woodworking
enterprises in Slovakia. The interviews examined company strategies, practices, and chal-
lenges in sustainable development and forest resource utilization. The findings reveal that
while many companies actively manage waste, invest in green technologies, and conduct
internal audits, the broader implementation of environmental management systems and
the uptake of public sustainability funding remain limited. Notably, 90% of respondents
emphasized waste volume and recovery rates as critical indicators. Based on the results,
a set of green growth indicators was developed and categorized across key thematic areas
including waste management, energy efficiency, stakeholder communication, certification,
and strategic planning. These indicators not only support the assessment of corporate
sustainability but also strengthen efficient forest resource management, responsible use of
raw materials, and the long-term economic viability of the sector. The study highlights the
importance of systematically designed and practically applicable indicators for guiding
companies toward sustainable competitiveness and emphasizes the need for stronger insti-
tutional support, improved access to reliable data, and integration of sustainability metrics
into core business decision-making.

Keywords: woodworking industry; green growth indicators; sustainable forest; resource
management

1. Introduction

The growing emphasis on nature protection, climate change mitigation, and the tran-
sition to a circular economy is prompting industrial sectors, including the woodworking
sector, to integrate environmental considerations into their strategies [1,2]. In this con-
text, green growth indicators are gaining prominence as measurable metrics that assess
the environmental, economic, and social impacts of corporate activities [3,4]. Their im-
plementation makes it possible to monitor sustainability, optimise production processes,
and simultaneously strengthen firms” market position. The authors [5-7] emphasise the
need for the systematic measurement of environmental capital, quality of life, and natural
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resources as part of the broader framework of sustainable growth. According to [8-10] it is
therefore appropriate to monitor resource productivity, the state of natural capital, and the
implementation of environmental policies as foundational pillars of an environmentally
oriented economy.

In the woodworking industry, green growth indicators are of particular importance
given the sector’s reliance on renewable yet finite natural resources [11,12]. Properly de-
fined metrics contribute to the protection of forest ecosystems, more efficient use of raw
materials, and the reduction of CO; emissions [13-15], while simultaneously reflecting
dimensions of competitiveness and cost efficiency. Firm-level indicators such as carbon
footprint and energy intensity connect economic performance with environmental im-
pacts, and prioritizing certified inputs supports sustainable forest management [16-18].
These approaches are compatible with the FAO Global Forest Resources Assessment and
the FOREST EUROPE criteria [19-21], which are widely implemented across European
states and enable international comparability. The Nordic countries, in particular, have
accumulated substantial experience in integrating the bioeconomy, the circular economy,
and forestry [22-24], with Slovak enterprises able to directly map their indicators onto
pan-European frameworks [25,26].

However, the implementation of green growth indicators in practice faces several
barriers. According to [27-29] most Slovak enterprises have not yet implemented en-
vironmental management systems or obtained the relevant certifications, while public
subsidies and European grants remain frequently underutilized due to administrative
constraints [30,31]. International research demonstrates a positive relationship between
environmental innovations and economic performance [32-34]. For these reasons, it is
necessary to analyze the applicability of green growth indicators within the Slovak wood-
working and furniture industry, identify the specific indicators, evaluate implementation
barriers, and design a framework for the systematic monitoring of corporate environmental
performance [13,35,36]. As the authors point out [12,37,38], sustainability and green growth
are becoming fundamental determinants of competitiveness, while the woodworking sec-
tor, as a major user of renewable resources, has a significant impact on biodiversity, the
carbon balance, and the state of natural resources. Without systematic monitoring through
green growth indicators, it is not possible to objectively assess firms’ environmental per-
formance or to formulate effective strategies that support sustainable development and
competitiveness in this industry [39-41].

The aim of this study is to establish green growth indicators for firms in Slovakia’s
woodworking and furniture industry, derived from the results of structured interviews
with company management.

In line with the objective, the research questions were formulated as follows:

1.  Which environmental, social, and economic indicators can be applied to comprehensively
assess green growth in enterprises within the woodworking and furniture industry?

2. How do company executives interpret and use environmental, social, and economic
indicators when evaluating green growth and sustainability in practice?

2. Materials and Methods
2.1. Respondent Selection

The study focuses on selected large and medium sized enterprises in the woodwork-
ing and furniture industry that are recognized as market leaders in Slovakia based on
market share [42,43]. The medium sized companies were not among the market leaders,
they showed stable growth and maintained positive financial performance during the
research period. A total of ten semi structured interviews with companies were conducted
between September 2023 and November 2023. Respondent selection followed purposive
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sampling [44,45]. Micro and small enterprises were excluded because the tracked variables
are typically not recorded regularly and consistently in this group, which would have
resulted in a high share of missing data. Within the purposive sampling procedure, the
research objective and questions were first specified in detail. Explicit inclusion criteria
were then defined, most notably the classification of firms within the relevant SK NACE
sectors. In the next step, eligible cases were identified through existing databases, profes-
sional associations, and expert referrals, retaining only those that met the stated conditions.
Subsequently, selected respondents were contacted directly with a clear explanation of the
study purpose and participation requirements to encourage cooperation [11,22,44]. After
data collection, the suitability of the sample was verified by checking that all participants
met the inclusion criteria and contributed to the research aim. Finally, the entire sampling
process was documented transparently, including the sources consulted and reasons for
exclusions, to ensure methodological consistency, result credibility, and replicability in
future studies [46—48]. A total of 15 enterprises were contacted, five in SK NACE C16,
five in C31, and five in C17. The sample consisted of 15 purposefully selected companies
from a population of approximately two thousand seven hundred, representing diverse
ownership structures and levels of environmental engagement. Since the research was
qualitative, the goal was not statistical generalization but an in-depth understanding of
patterns and behaviors within family businesses wood and furniture enterprises, with
the sample size determined by data saturation. A detailed specification of the firms that
consented to interviews for scholarly purposes is provided in Table 1. All interviews were
conducted anonymously; therefore, company names are not disclosed.

Table 1. Characteristic of respondents.

Enterprise SK NACE * Legal Form Size of Enterprise
1 C16 Ltd. large
2 C16 Ltd. middle
3 C16 Ltd. large
4 Cle Ltd. large
5 C31 cooperative middle
6 C31 Ltd. large
7 C31 Ltd. large
8 c17 JsC large
9 C17 Ltd. large
10 C17 JSC large

* C16 = Manufacture of wood and products of wood and cork, except furniture; manufacture of articles of straw
and plaiting materials. C17 = Manufacture of paper and paper products. C31 = Manufacture of furniture.

2.2. Questions Asked

Data was collected through structured interviews with company executives. During
each interview, the executive answered 20 questions, as listed in Table 2. The interviews
focused on green growth areas in the woodworking, furniture, and pulp and paper indus-
tries, examining whether firms have an environmental strategy, how they approach energy
efficiency and the use of renewable sources, and what practices they employ for waste
sorting and reduction.

Table 2. Interview questions.

Question No.

Questions

1.

How do you ensure that inputs to your production (transformation) process are sustainable?

2.

Do you have long-term business partners?
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Table 2. Cont.

Question No.

Questions

3. Do you verify whether your business partners operate sustainably?
4 Do you verify whether your suppliers use sustainable inputs and have sustainable
: production processes?
Do you have staff specifically trained to ensure sustainability?
Are your production processes designed to reduce emissions and the amount of waste generated?
Do you seek to eliminate toxic and hazardous substances from your production processes?
3 Do you conduct internal audits to evaluate the effectiveness of sustainability norms
' and processes?
9. Do you minimize waste generation?
10. Do you utilize the waste that is generated?
11. How can citizens or employees report environmental complaints to your company?
12. Which green growth indicators that you can influence are implemented in your company?
13 After what time horizon did the introduction of sustainable technologies become effective in
' improving company performance?
14 Do you believe that, in the long term, it will not be possible to sell products that are not
’ produced sustainably?
15 Do you use subsidies or other public funds offered by the state or the European Union to support
’ corporate sustainability?
16 Do you use targeted tools to promote products made according to sustainability principles? If yes,
‘ which ones?
17 Do you have internal regulations that guide efforts to reduce environmental impacts and
' enhance sustainability?
18 What actions do you take beyond compliance with existing standards and green growth
’ indicators in the area of environmental protection?
19. What would help your further development in the context of sustainable development?
20. What are your future plans to ensure the long-term sustainability of your company?

2.3. Specifics of Indicator Selection

Green growth indicators for the woodworking and furniture industry in Slovakia
must be tailored to the sector’s specifics, which include working with renewable yet
limited raw materials. A key aspect is the share of material by products such as offcuts
and sawdust with potential for further use. The industry is also energy intensive but
can draw on biomass and other more sustainable energy sources. There is clear scope
for material recycling, environmental certification, and the adoption of environmentally
friendly management practices [12,19]. Accordingly, indicators should track the rate of
recycling and byproduct use, energy consumption and energy mix, corporate carbon
footprint, the share of certified inputs, the payback of environmental investments, and the
adoption of long-term sustainability strategies [26,49].

The selection of indicators was derived from a thematic analysis of ten structured
interviews with representatives of medium-sized and large enterprises in the woodworking
and furniture industry. Interview recordings were transcribed into written form and
subjected to a rapid accuracy check. The analysis combined inductive coding, where codes
emerged directly from the data, with deductive coding based on predefined thematic
domains: waste, energy, internal audits, complaints, and subsidies. The Taguette software
in version 1.4.1 was used to code the interviews and build the coding scheme; it enabled
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systematic text coding, the creation of a codebook, and the clustering of meaning categories
in line with the objectives of the qualitative study [6]. After processing the first three
transcripts, a working mini codebook with operational definitions of codes and illustrative
textual cues was produced, and all remaining interviews were coded on this basis [50-52].

To strengthen procedural credibility, peer debriefing was conducted on contested
points of interpretation, and all revisions to the codebook were logged on an ongoing
basis [53-55]. Thematic saturation was reached after the ninth interview and confirmed by
the tenth, beyond which no new meaning categories emerged beyond the original domains.
The coding output consisted of clustering segments by frequency of occurrence, practical
salience, and the feasibility of measurable operationalization [56-58].

From the consolidated themes, selected indicators were derived and assessed. Four
criteria guided their selection: relevance to sustainability and firm performance, mea-
surability and data availability under limited information-technology capacity, time to
result for managerial decision-making, and comparability across firms and overtime. The
final set comprises five indicators with unambiguous definitions, measurement units, and
computational formulas [35,59]. They cover the areas identified by respondents and enable
ongoing, time-consistent monitoring of sustainability in enterprises in the woodworking
and furniture industry [60,61].

3. Results
3.1. Respondents Answers

The research findings indicate that woodworking enterprises consistently report efforts
to efficiently valorize production waste, particularly sawdust, which is further processed
into briquettes or supplied as feedstock to other entities. One company exemplifies a notably
innovative practice by converting wood waste into energy through its own power plant.
The electricity produced covers internal energy needs and is partially fed into the public
distribution grid. This model both reduces waste and supports the use of renewable
energy sources.

The interviews further show that companies most often monitor the volume of gener-
ated waste and air quality, and they implement various forms of environmental innovation.
Less common is the adoption of comprehensive environmental management instruments
such as environmental management systems, green public procurement, or environmental
product labeling. This indicates untapped potential to strengthen a systematic approach to
environmental management.

Ninety percent of respondents reported conducting internal environmental audits,
indicating a high level of organizational maturity and a systematic effort to improve
environmental performance within sustainable development.

More than half of the companies implemented voluntary environmental initiatives that
go beyond legal requirements, such as installing solar panels, using rail transport, planting
trees, and operating in house wastewater treatment facilities. These measures signal strong
environmental awareness and a responsible approach to corporate social responsibility.

The findings also show that over half of the firms adopted mechanisms that allow
employees and the public to submit complaints anonymously, most commonly through
suggestion boxes, email communication, and telephone hotlines. One respondent intro-
duced a fully structured system for handling complaints, including feedback to submitters
and thorough investigation of reported issues.

The responses confirmed that for seven out of ten companies the implementation of
sustainable technologies proved effective within a time horizon of one to five years. One
company reported positive results in less than one year, which points to the potential for
rapid payback from innovation and environmentally oriented solutions.
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It was found that seven out of ten firms believe that in the long term non-sustainable
production will be incompatible with market viability. This stance reflects growing con-
sumer pressure for environmentally responsible practices and highlights sustainability as
a strategic source of competitive and marketing advantage.

The analysis revealed differences between large and medium sized enterprises in how
they communicate environmental responsibility. Large firms, especially in the pulp and
paper segment, actively promote the environmental attributes of their products through
advertising, audiovisual materials, and eco labels. By contrast, medium sized companies
undertake such activities only sporadically, which can be attributed mainly to limited
financial and human resources.

The results also showed that despite the availability of several support schemes from
the state and the European Union, only one company actually used grants. Administrative
complexity and unclear eligibility rules often act as barriers, reducing firms’ motivation to
apply for public funding.

3.2. Proposed Indicators

Based on insights identified during interviews with representatives of woodworking
enterprises, a set of indicators can be proposed to form a foundational framework for
constructing a sectoral system for assessing environmental sustainability, as listed in Table 3.
The proposed indicators should be systematically grouped into thematic domains that
reflect environmental performance and the commitments of individual entities.

In waste management it is most relevant to track the share of energy recovery relative
to the amount of waste sent for disposal, as this reveals the environmental preference
for processing residual materials. Additionally, it is advisable to monitor the share of
recycled materials in the total waste stream and the degree of internal recovery within
the production cycle, which indicate the efficiency of material management. This links
to product sustainability, which can be assessed by the share of output produced from
certified or recycled inputs. The breadth of environmental certifications also reflects the
level of trust from the market and from regulatory authorities.

A higher share of recycled materials directly reduces demand for primary wood and
thus the pressure on harvesting and interventions in stands. Using recycled materials also
supports cascading use of wood and better adherence to the principle of sustainable yield.
Transparent communication about wood origin and channels for submitting complaints
reduces the risk of illegal logging, and communication itself creates market pressure for
sustainable forest management.

Regular internal audits of procurement and input traceability strengthen discipline in
meeting sustainable forest management standards; when audits lead to corrective actions,
the findings translate into tangible benefits for forest resources. Voluntary initiatives
beyond legal requirements bring a direct positive effect on forest conditions and speed
up the adoption of sustainable practices where the regulatory framework is not sufficient.
Long-term planning with five- to ten-year targets for recycling, certified inputs, and carbon
and energy performance shapes future demand for primary wood in line with sustainable
yield; through such planning, timber withdrawals from forests are stabilized and space is
created for close to nature silviculture.
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Table 3. Proposed indicators and their measurement method.
Indicators Measurement Unit Methodological Note on Measurement
Weight of recycled materials/total weight
Share of o . . .
. %o (Weight fraction)  of inputs x 100; report annually. Data from
recycled materials .
production records.
Total energy consumption (electricity,
Use of _ Enerev intensit kWh/m?3 finished heat)/volume or weight of production;
recycled materials 8y y product or MJ/t includes both renewable and

non-renewable resources.

IRR or ROI from green investments; data
from financial statements, normalized to
a given project.

%/ year or years
of payback

Return on investment

Communication

Number of valid certificates (ISO 14001 ¥,
ks FSC, PEFC, EMAS); indicate the status as
of 31.12. of the given year.

Number of
certificates used

Share of complaints Number of resolved complaints/number of

received and resolved o complaints received x 100; annual average.
Percentage of . .
investment in o, Eco-friendly marketing budget/total

marketing marketing budget x 100.

Internal audit

Number of internal environmental audits
Audit frequency pcs/year carried out during the year; recorded in
internal protocols.

Number of implemented
% recommendations/total number of audit
recommendations x 100; evaluate annually.

Rate of implementation
of recommendations

Voluntary initiative

Difference between CO, emissions in the
t CO, /year monitored year and in the reference year;
CO,/m3 emissions calculated according to the IPCC
or GHG Protocol methodology.

Reduction of CO,

Share of new wood raw
material in the %
final product

Weight of raw (non-certified, non-recycled)
wood/total weight of product x 100.

Long-term planning

Number of officially approved strategic
pcs/year documents in the field of sustainability that
are actively implemented.

Creation and
application of strategies

Percentage of goals defined in the strategic
Fulfilling the set goals %/ year plan that have been met; assessed at the end
of the year.

*1SO 14001 [62].

Waste management and energy recovery were recognized as the most direct indicators
of sustainability with clear financial outcomes. However, communication with stakeholders
and the promotion of sustainable practices can also bring long-term benefits. Further
research should focus on understanding how these activities influence customer perception
and business performance, helping companies link sustainability communication with
measurable economic results.

4. Discussion

The woodworking industry has the potential to advance toward greater sustainability,
but this process requires systematic measurement through green growth indicators. The



Forests 2025, 16, 1629

8 of 13

research results showed that most firms already apply various measures in waste manage-
ment, energy efficiency, and stakeholder communication. To evaluate these activities over
time, it is essential to operationalize them into measurable indicators that allow comparison
across companies and across the sector.

Respondents repeatedly reported using waste materials, especially sawdust, and
further processing them through briquetting or energy recovery [16,22]. One company
reported operating its own power plant to process wood waste, which contributes to energy
self-sufficiency and also feeds electricity into the grid. These approaches are consistent with
findings reported in the literature [27,39], according to the literature, recycling and energy
recovery reduce the volume of waste, the consumption of raw materials, and emissions.
An indicator that measures the share of recycled inputs together with the energy intensity
of production, expressed in kilowatt hours per cubic meter of product, is therefore well
founded [63,64]. When interpreting this indicator, it is essential to distinguish between
material recycling and energy recovery, since the environmental benefit depends on the
chosen system boundaries and on the substitution effect [65-67].

More than half of the companies have introduced mechanisms for receiving envi-
ronmental submissions from employees and the public. The most common channels are
suggestion boxes, email, and telephone hotlines, and one company operates a structured
system that provides feedback to complainants [17,46]. The literature [68,69] consider the
number of received and resolved complaints a qualitative indicator of transparency, and
it emphasizes the importance of formal channels for reporting and follow-up [4,70]. The
“rate of resolved complaints” indicator defined as the percentage of resolved cases out of
all received is suitable for tracking corporate trustworthiness and accountability, and it can
be complemented by case-closure time as a qualitative parameter.

Several enterprises use certified inputs or hold management system certifications
(ISO 14001, FSC, PEFC, EMAS). According to [16,32] certification supports customer orien-
tation, enhances reputation, and eases access to environmentally focused investment. The
indicator number of certificates as of 31 December of the given year is therefore appropriate,
though it is necessary to account for certification costs and the risk of purely formal compli-
ance without genuine improvement, which some studies describe as greenwashing [35,71].
In some cases, companies obtained certifications mainly due to supply chain requirements
or customer expectations rather than as evidence of measurable environmental progress.
This suggests that certifications function more as formal and communicative tools than as
direct indicators of sustainability, although they still contribute to promoting transparency
and responsible management practices [72].

Seven out of ten companies reported that the payback period for environmental in-
vestments materialized within a time horizon of one to five years, while one company
reported less than one year. These findings are broadly consistent with the literature [5],
which reports an average payback of four to five years depending on the type of investment.
A payback indicator such as ROI or IRR therefore captures the economic dimension of sus-
tainability, which is essential when evaluating investments in profit oriented firms [26,60].
However, the calculations should also account for external effects, for example the use of
subsidies or tax allowances.

The results showed that only one company used the available grants or subsidies,
which stands in contrast to the literature [19,39], which describes the positive effects of these
instruments in terms of reducing investment risk. In the Slovak context, respondents cited
administrative burden as the main barrier [54-56]. This corresponds with the finding [63,73],
that European funds also carry risks of opacity or corruption. An indicator tracking the use
of subsidies is therefore not only an economic metric but also an indicator of companies’
ability to respond to policy incentives [74-76].
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Nine out of ten companies conduct an internal environmental audit. According to [18,53,77]
an audit is a key element of environmental management that improves resource use and
supports an ecological trajectory. The indicators number of audits per year and rate of
implementation of audit recommendations provide an appropriate means of tracking
continuous improvement [78,79].

More than half of the respondents implement measures that go beyond statutory
requirements, such as installing solar panels, using rail transport, planting trees, and op-
erating wastewater treatment facilities. According to [39,63], voluntary environmental
initiatives are positively valued by the market, particularly when they are paired with reg-
ulatory incentives and demonstrable outcomes. Indicators of such initiatives, for example
a reduction in CO; relative to a baseline year, therefore signal a proactive stance and an
ability to adapt to evolving market requirements [80,81].

Respondents who apply strategic planning over a five to ten year horizon report better
outcomes in energy efficiency and a lower carbon footprint [81]. Similarly [27,82] emphasize
the importance of long-term strategies for the systematic reduction in environmental
impacts and for strengthening credibility. The indicator number of approved strategies and
achievement of set targets thus makes it possible to track the continuity and transparency
of sustainable management [83-85].

Practical application confirmed that collecting the proposed indicators is neither finan-
cially nor technically demanding and that they are clearly defined and measurable [86,87].
Their number is adequate and covers the environmental, economic, and social dimensions,
which helps avoid a fragmented approach. Nevertheless, the study is limited by purposive
sampling, the exclusion of micro and small enterprises, and the self-reported nature of re-
sponses, which may introduce recall or reputation bias [88,89]. The results should therefore
not be generalized to the entire sector without further verification and external validation.

5. Conclusions

The study confirmed that sustainability in the woodworking industry can be moni-
tored systematically through a set of green growth indicators. The key indicators are the
share of recycled materials, communication with employees and the public, certifications
attesting to environmental commitments, the return on environmental investments, the
frequency of internal audits, voluntary initiatives beyond legal requirements, and long-
term sustainability planning. Together these indicators provide a practical framework for
measuring environmental performance, strengthening transparency, and enabling better
resource management, thereby contributing to more resilient development of individual
firms and the sector.

However, the study has limitations. The sample included only medium and large
enterprises, so the perspectives of micro- and small firms, which constitute a substantial
share of the industry, were not captured. Data was collected through structured interviews,
which introduces the risk of subjective bias and self-presentation. The relatively small
number of respondents further limits the generalizability of the findings to the entire sector.
These limitations should be considered when interpreting the results and when planning
future research.

Despite these limitations, the findings have practical value for enterprises and for
public policymakers. The identified indicators are financially and technically undemanding
and can therefore be implemented even in settings with limited capacity. Enterprises
are advised to establish a unified methodology with standardized templates, designate
a responsible person for recording the indicators, and evaluate the return on environmental
investments at least once a year. Public policy should support implementation through joint
training, methodological guides, unified reporting channels, financial vouchers for external
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audits, and access to shared services via professional associations. In the international
context, it is advisable to map simple local metrics to global reference frameworks to ensure
data comparability and traceability of wood origin across value chains.

The research thus provides a foundation for the systematic assessment of the envi-
ronmental performance of the Slovak woodworking industry. The identified indicators
integrate the environmental, economic, and social dimensions of sustainability and offer
a tool that can contribute to better resource management, enhanced competitiveness, and
the long-term sustainability of the sector.
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