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Abstract

Eco-innovation encompasses a broad spectrum of activities aimed at reducing environmental
impact and improving resource efficiency, and it plays a crucial role in supporting
sustainability. This paper analyzes the development of the Eco-Innovation Index between
2015 and 2024, focusing on countries that ranked among the leaders during this period and
those with values below the EU-27 benchmark-based level. The results show a gradual
improvement in eco-innovation performance in Slovakia, although there is still considerable
room for progress compared with the leading EU countries. One section is devoted to the
development of Slovakia's Eco-Innovation Index in comparison with the EU-27 index value
and examines the five basic dimensions of this index: eco-innovation inputs, eco-innovation
activities, eco-innovation outputs, resource efficiency outcomes, and socio-economic
outcomes. The assessment reveals significant differences between Slovakia and the EU-27
performance level, with Slovakia remaining substantially below the current EU-27 index
value in several dimensions. The final part of the paper focuses on the food industry in
Slovakia, which is an important sector of the national economy and shows increasing
relevance for eco-innovation development. Key future trends in the Slovak food industry in
the context of eco-innovation include next-generation consumer influence, technological
evolution, sustainability achievement, and economic impact. The paper provides an overview
of the current state and future perspectives of eco-innovation and identifies areas with
potential for further improvement and growth.

Keywords: challenges, development, food industry, sustainability, trends, environmental
impact

1. Introduction

Eco-innovation plays a crucial role in promoting sustainability. It encompasses a broad
spectrum of activities; all aimed at reducing environmental impact and promoting resource
efficiency. Adoption of eco-innovations leads to significant benefits (Zhu et al., 2023; Kral' &
Janoskova, 2021). Organizations that embrace eco-innovation are often more agile and better
able to adapt to shifting consumer preferences toward environmentally friendly options
(Khanna et al., 2022). Furthermore, eco-innovation is closely intertwined with circular
economy principles, reflecting a transformative approach that focuses on waste reduction and
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resource maximization. This synergy ties economic incentives directly to sustainable
practices. However, the adoption of eco-innovation is also heavily influenced by external
factors, particularly institutional pressures and regulatory frameworks. Regulatory policies
can stimulate eco-innovation by providing structured environments that encourage firms to
innovate sustainably. Well-designed regulatory models can foster conditions that incentivize
companies to invest in eco-innovative practices, leading to improved compliance and
operational efficiency (Pichlak & Szromek, 2022; Sun et al., 2022; Zhidebekkyzy et al.,
2024). In addition, the growing demand for accountability and transparency in environmental
practices has led many organizations to adopt eco-innovative frameworks, not only to meet
regulatory requirements but also to fulfill corporate social responsibilities (Geng et al., 2021;
Li et al., 2024). Despite the advantages, barriers to eco-innovation exist and must be carefully
addressed to ensure its successful adoption. These barriers, such as financial constraints and
lack of knowledge, can hinder the widespread implementation of sustainable practices within
firms. Identifying and overcoming these obstacles is critical for fostering a climate that
supports eco-innovation (Dugonski & Tumelero, 2021; Antonci¢ et al., 2024). Numerous
studies have highlighted the challenges faced by organizations, which can impede progress
toward sustainability and eco-innovation (Carchano et al., 2023; Bucea-Manea-Tonis et al.,
2021). Slovakia, while facing significant barriers such as limited financial resources and a
preference for adopting existing technologies rather than developing innovations in-house, is
making progress in its eco-innovation efforts (Loucanova & Nosal'ova, 2020). One key tool
used to assess eco-innovation performance within Slovakia and across the EU is the Eco-
Innovation Index (EII). This index offers a comprehensive mechanism for evaluating eco-
innovation across five domains: inputs, activities, outputs, resource efficiency, and socio-
economic outcomes. By analysing these indicators, Slovakia can identify its strengths and
weaknesses in eco-innovation and establish benchmarks that align with EU sustainability
goals, ultimately helping to inform policy and investment decisions in environmental
technologies (Lesdkovd & Laco, 2020; Malega et al., 2021). The index is standardized
relative to the EU-27 benchmark in the base year 2014, where EU-27 = 100. It allows for
cross-country comparison over time, according to the official Eco-Innovation Scoreboard
methodology (European Commission, 2024a, 2024b; Eco-Innovation Observatory, 2010). In
addition to recent academic studies, the analysis is grounded in the official Eco-Innovation
Scoreboard reports and methodology documents published by the European Commission,
which provide the main framework for cross-country comparison of eco-innovation
performance. The Eco-Innovation Index is also instrumental in highlighting regional
disparities, as countries with different levels of innovation culture and government support
exhibit varying eco-innovation scores (Constantin et al., 2023; Maciulyté-Sniukiené &
Sekhniashvili, 2021). In the Central and Eastern European context, previous studies indicate
that eco-innovation performance is closely linked to the level of R&D support, innovation
financing, cooperation between research institutions and enterprises, and the ability to
transform eco-innovation inputs into outputs and outcomes. In Slovakia, these issues are
particularly relevant, as existing studies point to weaknesses in innovation funding,
insufficient links between R&D and business practice, and lower eco-innovation performance
compared with leading EU countries (Lesdkova & Laco, 2020; Loucanova & Nosalova,
2020; Malega et al., 2021). Eco-innovations have become a clear target of EU policy
strategies. Consequently, measuring eco-innovation performance at the country level has
become crucial to detect eco-innovation patterns and to design eco-innovation policy
implementation. Slovak policymakers must create an environment that encourages
innovation, utilizing the insights provided by the Eco-Innovation Index to implement
supportive frameworks and policies (Brogi & Menichini, 2021). The index not only offers
valuable data on the drivers and barriers of eco-innovation but also guides decision-makers in
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focusing resources on areas where the potential for improvement is greatest. By doing so,
Slovakia can enhance its competitive position within the EU and contribute to broader
sustainability goals (Peyravi et al., 2024; Lozowicka, 2020). Although the Eco-Innovation
Index (EII) provides a comprehensive benchmarking tool, it is subject to several
methodological limitations. As a composite index, it aggregates heterogeneous indicators,
which may obscure structural differences between economies. Furthermore, cross-country
comparability may be affected by differences in national statistical systems, data availability,
and economic structures. In addition, the EII does not fully capture qualitative dimensions of
innovation ecosystems, such as governance quality, policy coherence, entrepreneurial culture,
and ecosystem dynamics. These aspects often evolve over time and are associated with
significant time lags between policy implementation and observable outcomes. Consequently,
reliance on a single aggregate score may oversimplify the complexity of eco-innovation
performance. These limitations are consistent with previous studies, which emphasize that
qualitative and systemic aspects of innovation are insufficiently reflected in composite and
output-oriented indicators (Haller et al., 2023). Therefore, the EII should be interpreted with
caution and preferably complemented by qualitative or country-specific analyses. Eco-
innovation in the food industry is another key area where sustainability and competitiveness
intersect. Innovations in this sector, such as improvements in food quality and safety through
sustainable practices, have the potential to enhance both environmental and economic
outcomes. For example, the adoption of innovative agricultural practices can lead to higher
product quality, which, in turn, increases competitiveness in both local and international
markets (Dimitrijevi¢ et al., 2023). Furthermore, traceability innovations in food supply
chains, particularly those involving digital technologies, play a crucial role in ensuring food
safety and reducing waste (Kumar et al., 2022). By enhancing transparency and
accountability, these innovations also contribute to building resilience in the food supply
chain. However, barriers to eco-innovation in the food sector remain, particularly in areas
such as packaging and waste reduction. Addressing these barriers requires collaboration
across the entire supply chain. As research by Simms et al. (2019) shows, the integration of
eco-innovation practices in the agri-food supply chain can reduce environmental impacts and
improve sustainability. The promotion of cooperation among stakeholders is key to
overcoming these challenges and driving the successful adoption of eco-innovative practices
(Rabadan et al.,, 2020). Additionally, advancements in food packaging, such as the
development of sustainable and bio-based materials, contribute significantly to the sector’s
eco-innovation efforts (Tiekstra et al., 2021; Versino et al., 2023). The purpose of this paper
is to analyse the development of the Eco-Innovation Index in EU countries during the period
2015-2024, to compare Slovakia’s performance with the EU-27 value and to examine the
role and future prospects of eco-innovation in the Slovak food industry. The paper contributes
to the existing literature by combining a long-term comparative analysis of eco-innovation
performance with a sectoral focus on the food industry, which represents a key component of
the Slovak economy. To balance the literature, the study is also grounded in foundational
work on eco-innovation measurement and in recent Central and Eastern European evidence.
The Measuring Eco-Innovation (MEI) project provides an important conceptual basis for eco-
innovation indicators, as it clarified the concept of eco-innovation, developed a typology, and
proposed possible approaches to measurement (Kemp & Pearson, 2007). In addition, the Eco-
Innovation Scoreboard is related to the broader European scoreboard tradition, particularly
the European Innovation Scoreboard, which supports comparative assessment of national
innovation systems, identification of strengths and weaknesses, and evidence-based policy
design (Hollanders, 2023; European Commission, 2025). Recent CEE research further shows
the relevance of analysing Slovakia together with structurally similar countries, especially the
Czech Republic and Poland, because these countries share comparable transformation
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backgrounds and challenges in converting eco-innovation inputs and activities into outputs
and outcomes (Domaracka et al., 2025).

2. Methods

The object of this paper is the Eco-Innovation Index and its development across EU
countries, with a particular focus on Slovakia. The study uses publicly available data. The
main dataset consisted of annual Eco-Innovation Index values and dimension-level scores for
the period 2015-2024. These data were obtained from the official Eco-Innovation Scoreboard
and Eco-Innovation Index materials published by the European Commission. The official
Eco-Innovation Index report and related Eco-Innovation Scoreboard materials were used as
the primary data and methodological sources (European Commission, 2024a, 2024b). The
Eco-Innovation Observatory methodological report was also considered as a foundational
source explaining the conceptual and measurement basis of eco-innovation (Eco-Innovation
Observatory, 2010). Where relevant, the underlying indicators are based on Eurostat and
other official data providers, as specified in the official methodology. The Eco-Innovation
Index is used in this study as a relative composite indicator of eco-innovation performance. In
the current Eco-Innovation Scoreboard framework, it consists of 12 indicators grouped into
five thematic areas: eco-innovation inputs, eco-innovation activities, eco-innovation outputs,
resource efficiency outcomes, and socio-economic outcomes. The value 100 represents the
EU-27 benchmark in the base year 2014. Therefore, values above 100 indicate performance
above this reference level, while values below 100 indicate performance below it.
Consequently, the EU-27 index value in later years may exceed 100 if overall EU-27 eco-
innovation performance improves compared with the 2014 benchmark. When Slovakia is
compared with the EU-27 index value in a given year, the comparison refers to Slovakia’s
position relative to the current EU-27 performance level in that year. The analysis reflects the
methodological revisions of the Eco-Innovation Scoreboard. Following the 2021 evaluation,
selected indicators were excluded from the calculation of the index from 2022 onwards in
order to streamline the framework and increase the accuracy of the index. These revisions
affect the comparability of index values across the observed period, particularly between the
periods before and after 2022. Changes in index values therefore reflect not only
developments in eco-innovation performance, but also updates in the underlying indicators,
data availability, statistical revisions, and time lags in official data reporting.

The paper addresses the following research questions:

RQI1: How did the Eco-Innovation Index develop in EU countries between 2015 and 2024,
and which countries consistently performed as eco-innovation leaders or laggards?

RQ2: How did Slovakia’s Eco-Innovation Index develop in comparison with the EU-27 value
during the same period?

RQ3: Which dimensions of the Eco-Innovation Index explain Slovakia’s position relative to
the EU-27 value, and which dimensions represent its main strengths and weaknesses?

RQ4: What are the main future perspectives for eco-innovation development in the Slovak
food industry?

In this study, progress is understood as a positive change in the Eco-Innovation Index and its
five dimensions over time, measured through year-on-year changes, overall percentage
change between 2015 and 2024, and comparison with the EU-27 index value. Future
perspectives refer to possible directions for the further development of eco-innovation in the
Slovak food industry, based on observed trends and available literature. Data processing and
analysis were performed in Microsoft Excel. The analytical procedure included the extraction
of annual Eco-Innovation Index values and dimension-level scores, calculation of year-on-
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year percentage changes, calculation of the overall percentage change between 2015 and
2024, and descriptive statistical measures, including average, minimum, maximum, and
standard deviation. The analysis covers the period 2015-2024 and includes EU Member
States, with a detailed focus on Slovakia. The results are presented using tables and graphical
visualisations to illustrate trends and differences in the development of the Eco-Innovation
Index and its dimensions over time. To extend the descriptive analysis, a simple trend and
convergence analysis was applied. Linear time trends were estimated for Slovakia and the
EU-27 using ordinary least squares regression, where the annual Eco-Innovation Index value
was regressed on time for the period 2015-2024. The time variable was coded from 1 to 10,
corresponding to the years 2015-2024. The regression coefficient indicates the average
annual change in the index value, while R? expresses the proportion of variation in the index
explained by the linear time trend. Statistical significance of the trend was assessed using the
p-value of the regression coefficient. Convergence was assessed through the performance gap
between the EU-27 and Slovakia, calculated as the difference between the EU-27 index value
and the Slovak index value in each year. A reduction in this gap indicates convergence of
Slovakia towards the EU-27 performance level, while an increase indicates divergence. Due
to the limited number of annual observations, the trend and convergence results are
interpreted as an indicative inferential extension of the descriptive comparison. In addition to
the trend and convergence analysis, the five dimensions of the Eco-Innovation Index were
assessed through a functional linkage framework. This framework follows the logic of inputs
— activities — outputs — outcomes. Eco-innovation inputs represent the R&D-related and
research-capacity conditions for eco-innovation. Eco-innovation activities reflect the
implementation of environmental and organisational practices, including ISO 14001
certification. Eco-innovation outputs capture measurable knowledge-based results, such as
eco-innovation-related patents and academic publications. Resource efficiency outcomes and
socio-economic outcomes represent the final effects of eco-innovation in terms of
productivity, exports, employment, and value added. For each dimension, the average values
for Slovakia and the EU-27 over the period 2015-2024 were calculated. The relative position
of Slovakia was expressed as the ratio between the Slovak average and the EU-27 average for
each dimension. The change between 2015 and 2024 was also calculated for each Slovak
dimension. This approach identifies whether Slovakia’s eco-innovation performance is driven
mainly by R&D-related inputs, environmental management activities, measurable innovation
outputs, or final resource-efficiency and socio-economic outcomes. To strengthen the
reliability and robustness of the analysis, the aggregate Eco-Innovation Index was
complemented by dimension-level results, year-on-year changes, overall percentage changes,
linear trend coefficients, convergence gaps, and the functional linkage framework. This
approach reduces reliance on a single composite score and makes it possible to identify
dimensions that drive or limit Slovakia’s eco-innovation performance. The interpretation also
takes into account the methodological limitations of composite indicators. Since the Eco-
Innovation Index aggregates heterogeneous indicators into one score, the results may be
influenced by indicator selection, weighting and aggregation structure, methodological
revisions, data availability, and time lags in statistical reporting. Therefore, the results are
interpreted as comparative indicators of eco-innovation performance rather than as a
complete evaluation of national eco-innovation systems. Due to the limited availability of
sector-specific eco-innovation data for the Slovak food industry, the sectoral part of the study
has an exploratory character and does not provide a separate sector-specific Eco-Innovation
Index. Instead, it interprets the future perspectives of eco-innovation in the Slovak food
industry on the basis of general Eco-Innovation Index trends, available literature, policy
context, and selected proxy indicators, including environmental management systems, ISO
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14001 certification, resource efficiency, waste reduction, sustainable packaging, and digital
traceability.

3. Results
3.1 Eco-Innovation Index

Table 1 shows the development of the Eco-Innovation Index during the period 2015-2024 for
countries that were among the leaders in the given period, as well as for countries with values
below the current EU-27 index value.

Table 1: Eco-Innovation Index — “Leaders” and “Catching Up” Countries (2015-2024)

Year Eco-Innovation Score Eco-Innovation Score
Leaders Catching Up
2015 Finland 164.4 Bulgaria 30.4
2016 Finland 170.0 Bulgaria 33.2
2017 Finland 166.5 Bulgaria 28.1
2018 Finland 157.2 Bulgaria 36.0
2019 Sweden 164.2 Bulgaria 36.5
2020 Finland 166.1 Bulgaria 40.1
2021 Finland 168.2 Bulgaria 43.1
2022 Finland 178.6 Bulgaria 48.9
2023 Finland 179.4 Bulgaria 53.9
2024 Finland 180.8 Bulgaria 58.8

Source: own processing based on FEuropean Commission, 2024a, 2024b; Eco-Innovation
Observatory, 2010

In the period 2015-2024, the Nordic countries — Finland, Sweden, and Denmark — dominated
the Eco-Innovation Index values. Finland ranked first most frequently, leading the index in
nine out of ten years during the observed period. Finland maintained steady growth in its eco-
innovation index score. It reached its lowest score in 2018 (157.2), but the trend has been
improving since that year. Sweden overtook Finland in 2019, but it returned to the top of the
ranking in the next monitored year. Denmark and Sweden exchanged positions with each
other, with Denmark achieving the highest values in 2016 and 2024. These results indicate
strong and sustained support for eco-innovation in the Nordic countries. In addition to the
Nordic countries, Luxembourg and Austria were also regularly ranked among the leading
countries, with Austria often ranking 3™ to 5™. Some countries showed below-average values
of the Eco-Innovation Index compared to the EU-27 value during the monitored period (the
last 5 places were alternately occupied by countries such as Greece, Romania, Malta,
Slovakia, Poland, Hungary, and Bulgaria). Bulgaria was in last place throughout the
monitored period.

3.1.1 Eco-Innovation Index of Slovakia

Table 2 shows the development of Slovakia’s Eco-Innovation Index compared to the EU-27
value.
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Table 2: Eco-Innovation Index of Slovakia compared to the EU-27 index value (2015-2024)

Year Slovakia | Year-on-year change EU-27 value Year-on-year change
(in %) (in %)
2015 64.0 - 101.9 -
2016 68.5 7.30 104.2 2.26
2017 70.1 2.34 104.0 -0.19
2018 72.0 2.71 107.4 3.27
2019 65.5 -9.03 108.0 0.56
2020 70.9 8.24 109.6 1.48
2021 77.2 8.89 115.0 4.93
2022 80.3 4.20 118.9 3.39
2023 91.0 13.33 123.7 4.40
2024 98.9 8.68 127.5 3.70
Average 75.84 112.02
Minimum 64.00 101.90
Maximum 98.90 127.50
Standard Deviation 11.34 8.84

Source: own processing based on FEuropean Commission, 2024a, 2024b; Eco-Innovation
Observatory, 2010

Note: Year-on-year change was calculated as the percentage difference between the value in
the current year and the value in the previous year. The Eco-Innovation Index is expressed
relative to the EU-27 benchmark in the base year 2014, where EU-27 = 100. Therefore, EU
values in later years may exceed 100. Values above 100 indicate performance above the 2014
EU-27 reference level, while values below 100 indicate performance below this benchmark.

Slovakia experienced an overall increasing trend in the Eco-Innovation Index over the past
decade, despite a year-on-year decline between 2018 and 2019. The index increased from
64.0 in 2015 to 98.9 in 2024, representing a 54.5% increase. In 2024, Slovakia almost
reached the 2014 EU-27 reference benchmark of 100 points. However, the EU-27 index
value increased from 101.9 in 2015 to 127.5 in 2024, representing a 25.1% increase. This
shows that, although Slovakia improved at a faster relative pace, it still remained below the
current EU-27 performance level in 2024. In terms of year-on-year changes, the largest
decrease in Slovakia was recorded in 2019 (-9.03%), while the most significant increase was
recorded in 2023 (+13.33%). The EU-27 value shows more stable growth, with the highest
year-on-year increase (4.93%) recorded in 2021, likely in response to the COVID-19
pandemic-related stimulus. The trend analysis confirms the positive development of
Slovakia’s eco-innovation performance. During the period 2015-2024, Slovakia recorded an
average annual increase of 3.29 index points, while the EU-27 increased by 2.82 index points
per year. The linear trend was statistically significant for both Slovakia (R? = 0.774; p =
0.0008) and the EU-27 (R?= 0.935; p < 0.001). These results show that Slovakia improved at
a faster average annual pace than the EU-27, although it started from a considerably lower
level. The convergence analysis shows that the performance gap between the EU-27 and
Slovakia decreased from 37.9 index points in 2015 to 28.6 index points in 2024. This
represents a reduction of 9.3 index points, or approximately 24.5%. The narrowing of the gap
indicates partial convergence of Slovakia towards the EU-27 performance level. However,
the linear trend in the gap was not statistically significant over the observed period (p =
0.291), which indicates that the convergence process was gradual and uneven rather than
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stable throughout the whole period. Statistical analysis shows that the average index value in
Slovakia was 75.84, which is significantly below the EU-27 value (112.02). Slovakia
recorded the lowest index value in 2015 (64.0) and the highest in 2024 (98.9). The variability
of the index in Slovakia was higher than that of the EU-27 value, as indicated by the standard
deviation values of 11.34 and 8.84, respectively. Although Slovakia shows a positive trend in
eco-innovation performance and has been growing faster than the EU-27 value in recent
years, it still faces challenges such as a lower overall level of eco-innovation and high
variability of development. If the recent positive trend continues, Slovakia could gradually
reduce the gap with the EU-27 value in the coming years. Conversely, if there is stagnation or
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decline, the country may fall behind again.

In order to provide a more detailed interpretation of Slovakia’s eco-innovation performance,
the aggregate Eco-Innovation Index was decomposed into its five dimensions. The values are
presented directly in Figure 1 to improve comparability between Slovakia and the EU-27 and
to ensure a consistent interpretation of the dimension-level results. This approach makes it
possible to identify the areas that contribute most to Slovakia’s progress, as well as those that

continue to limit its overall performance.

Figure 1: Comparison of the five dimensions of the Eco-Innovation Index in Slovakia and the EU-27,
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Figure 1 presents the annual development of the five Eco-Innovation Index dimensions for
Slovakia and the EU-27 during the period 2015-2024. The figure includes numerical labels
for all values, which improves year-to-year comparability and enables a direct comparison
between Slovakia and the EU-27 across all dimensions.

During the period 2015-2024, the five basic dimensions of the Eco-Innovation Index for
Slovakia and the EU-27 value recorded different trends (Figure 1). The assessment reveals
significant differences between Slovakia and the EU-27 value, with Slovakia remaining
considerably below the EU-27 value in several areas.

1. Eco-innovation Inputs: The EU-27 value in this dimension has been stable around the
index value of 100.0, with a slight increase since 2018, reaching a value of 122.3 in 2024. On
the contrary, Slovakia has experienced large fluctuations — in 2015 the value was 38.3, then it
fell to a minimum of 28.0 in 2017 and gradually increased to 44.3 in 2024. Despite the
growth, Slovakia remains significantly below the EU-27 value, which indicates insufficient
investment in inputs in the field of eco-innovation (government environmental and energy
R&D appropriations and outlays, Total R&D personnel and researchers).

2. Eco-innovation Activities: In this area, a significant contrast can be observed between
Slovakia and the EU-27 value. While the EU has experienced a slight decline in recent years
(from 107.8 in 2018 to 82.9 in 2020, with an increase to 108 in 2024), Slovakia recorded
higher values, indicating high activity in the field of eco-innovations, which include, among
other things, the number of ISO 14001 certificates.

3. Eco-innovation Outputs: For the EU-27 value, this dimension showed stable growth until
2022 (123.2), after which it decreased to 100.3 in 2024. Slovakia initially had a very low
value, but since 2018, there has been a moderate growth, reaching 66.1 in 2024. This
development indicates a positive trend in the creation of eco-innovation outputs (which
include eco-innovation-related patents and eco-innovation-related academic publications),
although Slovakia still lags behind the EU-27 value.

4. Resource Efficiency Outcomes: The EU-27 value shows continuous growth, from 103.4
in 2015 to 161.8 in 2024, which indicates improving resource efficiency. Slovakia recorded
lower values, but since 2020, the values have been increasing, indicating a positive
development in the efficiency of resource use, such as material productivity, water
productivity, energy productivity, and greenhouse gas productivity.

5. Socio-Economic Outcomes: For the EU-27 value, this dimension remained relatively
stable, moving around the value of 100.0, until a more significant increase to 115.3 in 2024.
Slovakia experienced stagnation in this area in 2015-2017 (45.5), a decrease in 2018 (42.2),
and then a slight increase. A more significant increase occurred in 2024, where the value rose
to 93.2, indicating a gradual improvement in the socio-economic benefit of eco-innovations
(export, employment, and value added).

Table 3: Functional interpretation of Slovakia’s Eco-Innovation Index dimensions, 2015-2024

Slovakia as

. . Functional Slovakia EU-27 Slovakia 2015—
Dimension . . % of EU-
interpretation average average 27 2024 change
Eco- R&D resources and o +6.0 points;
innovation inputs research capacities 390 108.2 36.0% +15.7%
Eco- Environmental +40.5 points:
innovation management practices, 182.3 97.6 186.7% P ?

o
activities including ISO 14001 +28.2%
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Eco- Eco-innovation-related 1321 points:
innovation patents and academic 46.3 111.2 41.6% +'9 4p40/ ’
outputs publications e
Resource Material, water, energy .

. + .
efficiency and greenhouse gas 110.7 127.0 87.2% 434781)10 ol/nts,
outcomes productivity e

Socio- .
) Exports, employment and o +47.7 points;
ceonomic value added 545 102.8 53.0% +104.8%

Source: own processing based on European Commission, 2024a, 2024b; Eco-Innovation
Observatory, 2010.

Note: Average values are calculated from annual dimension-level index scores presented in
Figure 1 for the period 2015-2024. Slovakia as % of EU-27 was calculated as the ratio
between the Slovak average and the EU-27 average for each dimension.

The functional interpretation of the five dimensions reveals a structural imbalance in
Slovakia’s eco-innovation performance. The weakest position was recorded in eco-innovation
inputs, where Slovakia reached an average value of 39.0 points in 2015-2024, representing
only 36.0% of the EU-27 average. This dimension includes R&D-related resources and
research capacities, which indicates that Slovakia’s eco-innovation system remains
constrained by a relatively weak input base. A similar weakness is visible in eco-innovation
outputs, where Slovakia reached an average value of 46.3 points, or 41.6% of the EU-27
average. Although this dimension improved from 34.0 points in 2015 to 66.1 points in 2024,
the transformation of R&D inputs into measurable outputs, such as eco-innovation-related
patents and academic publications, remains limited.

In contrast, Slovakia performed strongly in eco-innovation activities, with an average value
of 182.3 points, representing 186.7% of the EU-27 average. This reflects a relatively strong
position in the implementation of environmental and organisational practices, including ISO
14001 certification. However, the high value of eco-innovation activities is not accompanied
by equally strong eco-innovation outputs. This indicates that Slovakia is more advanced in
adopting environmental management practices than in generating new technological and
knowledge-based eco-innovation outputs.

The outcomes dimensions show a mixed but improving pattern. Slovakia reached 110.7
points in resource efficiency outcomes, corresponding to 87.2% of the EU-27 average, and
increased from 95.1 points in 2015 to 140.8 points in 2024. This indicates that improvements
in environmental practices are gradually reflected in more efficient use of resources. Socio-
economic outcomes also improved substantially, from 45.5 points in 2015 to 93.2 points in
2024, although the average Slovak value still represented only 53.0% of the EU-27 average.
Overall, the results show that Slovakia’s main challenge is not only the adoption of
environmental management practices, but especially the strengthening of R&D inputs and the
transformation of these inputs and activities into patents, publications, higher value added,
and other measurable eco-innovation outputs.

3.2 Slovak Food Industry in the Context of Eco-Innovation

The food industry of Slovakia represents a significant sector of the national economy,
characterized by dynamic growth and the increasing implementation of eco-innovations. Eco-
innovations in this sector represent a key factor for reducing environmental impact and
improving the sustainability of production, while their implementation can contribute to a
more efficient use of resources. In the Slovak food industry, eco-innovation is reflected, for
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example, in the adoption of environmental management practices, including ISO 14001
certification, improvements in resource efficiency, increasing attention to sustainability in
production processes, investments in sustainable production technologies, and the gradual
adoption of resource-efficient practices. Although Slovakia still lags behind leading EU
countries in eco-innovation outputs, the food sector shows potential for further development.
In the Slovak food industry, eco-innovation should be understood mainly through practical
improvements in resource efficiency, energy savings, water management, waste reduction,
sustainable packaging, digital traceability, and the introduction of environmental
management systems. These areas are particularly relevant because the food industry is
resource-intensive and is strongly affected by changing consumer expectations,
environmental regulation, and the need to reduce production losses across the supply chain.
In this context, eco-innovation does not only refer to technological innovation, but also to
organisational and process changes that help firms reduce environmental impacts while
maintaining competitiveness. Due to the limited availability of sector-specific data for
Slovakia, this section should be interpreted as an exploratory overview of trends rather than a
full empirical sectoral assessment. For this reason, the sectoral part of the paper does not
calculate a separate food-industry Eco-Innovation Index. Instead, it interprets the future
perspectives of eco-innovation in the Slovak food industry on the basis of general Eco-
Innovation Index trends and available literature on agri-food eco-innovation.

In the Slovak context, eco-innovation in the food industry is closely linked to the circular
economy, food and bio-waste management, resource efficiency, and environmental
management systems. The Slovak circular economy framework identifies the food and bio-
waste value chain as one of the priority areas for achieving circularity. This creates an
important policy context for eco-innovation in food processing, especially in relation to waste
prevention, by-product valorisation, packaging reduction, and more efficient use of energy
and water. At the firm level, environmental management systems can be used as a proxy for
eco-innovation activities. ISO 14001 certification, for example, indicates that a company has
implemented a structured environmental management system and can therefore support
improvements in monitoring, compliance, waste reduction, and resource efficiency. The main
barriers to eco-innovation in the Slovak food industry include limited investment capacity,
high costs of modern environmental technologies, insufficient cooperation between
enterprises and research institutions, fragmented support instruments, and limited availability
of sector-specific eco-innovation data. These barriers are particularly relevant for small and
medium-sized food-processing enterprises, where financial and human resources for
innovation are often limited. At the same time, several enablers can support the further
development of eco-innovation in the sector. These include EU and national funding
schemes, circular economy policies, increasing demand for sustainable food products,
pressure to reduce food waste and packaging waste, digital traceability systems, energy-
efficiency measures, and the implementation of environmental management systems such as
ISO 14001. Based on these sector-specific barriers and enablers, the future development of
eco-innovation in the Slovak food industry can be interpreted through four main trend areas:
next-generation consumer influence, technological evolution, sustainability achievement, and
economic impact. These trends are not isolated. Consumer demand increases pressure for
sustainable products and transparent supply chains; technological evolution supports digital
traceability, monitoring, and process optimisation; sustainability achievement is reflected in
waste reduction, energy savings, water management, and sustainable packaging; and
economic impact is connected with cost savings, competitiveness, and value creation from
resource-efficient production.
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3.2.1 Key Future Trends in the Slovak Food Industry in the Context of Eco-Innovations

Key future trends in the Slovak food industry in the context of eco-innovation include (Figure
2):

KEY FUTURE TRENDS
in Slovak Food Industry

Figure 2: Key future trends in the Slovak food industry
Source: own processing based on the reviewed literature

1. Next-Generation Consumer Influence: Given the growing interest in sustainability,
consumer influence is expected to play an important role in shaping the market. Consumers
are increasingly demanding products that are environmentally friendly and transparent, which
is reflected in their preferences and purchasing decisions. Greater emphasis is also placed on
the local origin of products and plant-based alternatives, indicating a shift towards healthier
and more sustainable consumption patterns. Consumers, therefore, represent a key driver for
businesses, which are required to respond by implementing eco-innovations in their
production processes.

2. Technological Evolution: In the field of technology, significant changes are associated
with the implementation of advanced technologies such as artificial intelligence and machine
learning (AI/ML), which can support production optimization, process monitoring, and
efficiency improvements. Technologies contribute to better product traceability, resource
management, and quality control. These innovations enhance transparency, improve supply
chain management, and help reduce environmental impacts.

3. Sustainability Achievement: The food industry is increasingly oriented towards reducing
its negative environmental impact. Businesses focus on lowering their carbon footprint,
increasing the use of renewable energy sources, and improving water management and waste
reduction practices. Sustainability thus becomes a key element of long-term business
strategies in the sector.

4. Economic Impact: Eco-innovation and the transition towards sustainability can have a
positive economic impact, particularly in terms of cost efficiency, competitiveness, and
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overall business performance. Investments in eco-innovations may support revenue growth,
improve market position, and contribute to the long-term profitability of companies,
especially in the context of growing demand for sustainable products.

The robustness checks support the main interpretation of the results. Slovakia’s progress is
visible not only in the aggregate Eco-Innovation Index, but also in several complementary
measures, including the overall percentage increase, the statistically significant positive trend,
the partial narrowing of the gap with the EU-27, and improvements in selected dimension-
level outcomes. At the same time, the results confirm that Slovakia’s eco-innovation
performance remains structurally uneven. The strongest position was observed in eco-
innovation activities, while the weakest positions were recorded in eco-innovation inputs and
outputs. This confirms that the main challenge is not only the implementation of
environmental management practices, but also the strengthening of R&D-related inputs and
their transformation into measurable innovation outputs. The interpretation is affected by the
limitations of the Eco-Innovation Index as a composite indicator, methodological revisions of
the Scoreboard, data lags in selected indicators, and the limited availability of sector-specific
data for the Slovak food industry. For this reason, the sectoral discussion is based on
available literature, policy context, and proxy indicators, including ISO 14001 certification,
resource efficiency, waste reduction, sustainable packaging, and digital traceability.

Conclusion

Eco-innovation is crucial for achieving the European Green Deal objective of transitioning to
a carbon-neutral and sustainable economy. In the period 2015-2024, Nordic countries,
especially Finland, Sweden, and Denmark, have shown a stable leadership in eco-innovation,
with Finland regularly ranking first. In contrast, Eastern European countries, such as Slovakia
and Bulgaria, have been at the bottom, with Slovakia making modest progress in recent years.
In the period 20202024, Slovakia has entered a positive trajectory, with its Eco-Innovation
Index increasing from 70.9 to 98.9. This increase is evidence of Slovakia’s improved
performance in eco-innovation, but the country still remains below the current EU-27
performance level. Slovakia has seen positive developments in eco-innovation, particularly in
eco-innovation activities and resource efficiency. However, it still lags significantly behind
the EU-27 value in the areas of eco-innovation inputs and outputs, which may limit long-term
growth. Nevertheless, increasing resource efficiency and improving socio-economic
outcomes indicate a gradual improvement in Slovakia’s overall eco-innovation performance.
Suggestions and recommendations for the further development of eco-innovations in
Slovakia:

e Increase targeted R&D support: Slovakia should strengthen applied research in resource
efficiency, circular economy, sustainable packaging, and low-emission technologies. This
support should be implemented through targeted grants, applied research calls, and
cooperation projects between enterprises, universities, and research institutions.
Responsible institutions should include the Ministry of Economy of the Slovak Republic,
the Ministry of Education, Research, Development and Youth of the Slovak Republic, the
Slovak Innovation and Energy Agency, and the Slovak Research and Development
Agency.

e Support startups, SMEs, and digitalisation: Startups and SMEs should be supported
through innovation vouchers, co-financing schemes, tax incentives, and advisory services
for green and digital technologies. In the food industry, support should focus on digital
traceability, process monitoring, energy management systems, and technologies for
reducing production losses. Relevant actors include innovation agencies, business support
institutions, and sectoral associations.
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e Strengthen cooperation with eco-innovation leaders: Slovak companies, public
institutions, and research organizations should develop partnerships with leading eco-
innovation countries, especially Finland, Sweden, Denmark, Austria, and Luxembourg.
Cooperation should focus on joint research projects, technology transfer, pilot solutions,
EU-funded programmes, and exchange of good practices in circular economy and
resource-efficient production. Such cooperation may help Slovakia improve the transfer of
knowledge from research into business practice and accelerate the adoption of proven eco-
innovation solutions.

e Stabilize innovation policy and improve coordination: Slovakia should ensure stable,
multiannual support for eco-innovation with clear eligibility criteria and regular
monitoring of outcomes. Better coordination is needed between national ministries,
regional authorities, innovation agencies, research institutions, and business associations.
Policy instruments should be evaluated not only according to allocated financial resources,
but also according to measurable environmental and innovation outcomes.

e Increase targeted investment in the food industry: In the food industry, eco-innovation
support should focus on energy-efficient production lines, water-saving technologies,
waste heat recovery, renewable energy, sustainable packaging, by-product valorisation,
and digital traceability. Responsible actors should include the Ministry of Agriculture and
Rural Development of the Slovak Republic, the Ministry of Economy of the Slovak
Republic, the Slovak Innovation and Energy Agency, sectoral associations, and food-
processing enterprises. Impacts should be monitored through energy and water
consumption per unit of output, food waste reduction, use of recyclable or bio-based
packaging, ISO 14001 certification, and cost savings from resource efficiency.

Overall, the proposed measures should be evaluated not only by the amount of financial
support provided, but also by measurable improvements in eco-innovation performance,
especially in resource efficiency, innovation outputs, and environmental performance of the
Slovak food industry. In conclusion, Slovakia is showing positive changes in the field of eco-
innovation, but there is still room for improvement compared to EU leaders.
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