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Abstract. This paper presents a multidimensional framework for eval-
uating the role of information systems in supporting circular economy
principles, with a particular emphasis on sustainability, transparency,
resource efficiency, and economic viability. Unlike previous studies that
address these aspects in isolation and lack a comprehensive evaluation
approach, this research integrates key criteria into a unified model, en-
abling systematic comparison and ranking of digital sustainability so-
lutions. The framework is built upon six core groups of criteria: envi-
ronmental sustainability, digital support for circular practices, resource
efficiency, transparency and reporting, adaptability and scalability, and
economic viability. A combination of qualitative literature analysis and
multi-criteria decision-making methods (AHP and FAHP) was employed
to structure and prioritize the criteria. While the proposed model con-
tributes to the theoretical foundations of sustainable information sys-
tems, it also offers practical value for decision-makers aiming to imple-
ment data-driven circular business models. However, limitations such as
the lack of empirical validation, sector-specific customization, and inte-
gration of temporal, security, and practitioner perspectives are acknowl-
edged. Future research directions include testing the model in real-world
settings, refining criteria weights through expert input, and expanding
the framework to address industry-specific and contextual factors. The
findings contribute to a more integrated and actionable approach to dig-
ital sustainability in both the public and private sectors.
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1 Introduction

In the contemporary business environment, marked by rapid technological ad-
vancement, digital transformation, and increasingly pronounced challenges re-
lated to climate change, the concepts of sustainable development and circular
economy are emerging as key factors for the long-term stability and competi-
tiveness of organizations [1, 2]. Global pressure to reduce negative environmental
impact, alongside the need for more efficient resource management, has prompted
companies to explore alternatives to the traditional linear model of production
and consumption, which is based on the "take — make — dispose" principle.
This approach has led to excessive depletion of natural resources, accumulation
of waste, and increased greenhouse gas emissions, resulting in long-term con-
sequences not only for the planet, but also for the sustainability of business
operations.

The circular economy offers a response to these challenges by proposing an al-
ternative model that involves closing the resource loop through strategies such as
recycling, reuse, repair, remanufacturing, and designing products with extended
life cycles. This approach not only contributes to the preservation of natural
resources and the reduction of environmental footprints, but also enables the
creation of additional value through innovation, efficiency, and responsible man-
agement throughout the entire product and service life cycle [3].

In this context, information systems (IS) play a pivotal role in enabling the
principles of the circular economy [4]. Their function has evolved beyond merely
supporting operational processes to becoming strategic platforms for collecting,
processing, and analyzing data relevant to tracking environmental performance,
material flows, energy consumption, and emission levels [5]. Systems such as
ERP, CRM, SCADA, IoT networks, and advanced analytics technologies (in-
cluding artificial intelligence, machine learning, and blockchain) empower or-
ganizations to make informed, real-time decisions that support sustainability
objectives [6].

Digital solutions also facilitate detailed life cycle assessments (LCA), resource
flow modeling, predictive analytics for inventory and production optimization, as
well as the automation of recycling and reuse processes. Moreover, information
systems support compliance with increasingly stringent regulatory frameworks
and initiatives such as the EU Green Deal, ESG standards, and circular economy
directives, thus enhancing organizational credibility, access to green financing,
and overall business transparency [7].

By aligning information systems with sustainable development strategies,
companies can achieve synergy among environmental, economic, and social goals.
This integration not only reduces negative environmental impacts, but also paves
the way for new business models, innovations, and market differentiation —
potentially representing a significant competitive advantage. The aim of this
paper is to examine how information systems can support the implementation of
circular economy principles within business organizations, through the analysis
of their role in resource optimization, process transparency, and sustainability
monitoring and reporting. Additionally, the paper proposes the development of a
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framework for evaluating information systems based on clearly defined criteria,
including environmental performance, digital maturity, cost-effectiveness, and
regulatory compliance.

2 Literature overview

The concept of the circular economy (CE) is increasingly being examined in
the context of digital transformation and information systems, as digital tech-
nologies enable the tracking, optimization, and transparency of resource flows.
The traditional linear economy, based on the “take-make-dispose” model, is no
longer sustainable—either environmentally or economically—which creates op-
portunities for leveraging information systems in support of sustainability.

Several recent studies highlight a strong connection between information
technologies and the successful implementation of circular economy principles.
Naveed et al. [1] identified key factors for the effective deployment of digital
solutions in CE, emphasizing the importance of digital resource tracking, au-
tomation, and real-time data integration. Similarly, [7] proposes a conceptual
framework for designing information systems that support sustainability, un-
derscoring the significance of system integration and the scalability of digital
tools.

The literature also highlights the importance of integrating ERP systems
with Life Cycle Assessment (LCA) methodologies. Ferrari et al. [6] demonstrate
how the combination of ERP and LCA enables dynamic tracking of a product’s
environmental impact throughout all stages of production and use. In this way,
information systems are positioned as central instruments for making data-driven
sustainable decisions.

However, several challenges remain. Yin et al. [5] point to institutional barri-
ers and the need for organizational culture change in order for information sys-
tems to effectively support CE implementation. Moreover, the standardization
of indicators for measuring circularity and sustainability remains an unresolved
issue. In a study conducted by Moraga et al. [8], over 60 different indicators used
in practice were identified, complicating cross-sector and cross-country compar-
isons and evaluations.

Additionally, most of the existing literature focuses on developed countries
and large enterprises, while micro, small, and medium-sized enterprises (particu-
larly in rural areas or developing countries) remain underrepresented. This high-
lights the need for future research on adapting information systems to smaller
and resource-constrained environments [5,9]

In light of these insights, it is evident that information systems hold signif-
icant potential to support the transition toward a circular economy. However,
further investigation is needed into the practical aspects of their implementation,
as well as the development of more universal frameworks for their evaluation
within the context of sustainability.
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3 Main Criteria for Circular Economy Sustainability

The starting factors influencing the development of circular economy were ob-
tained from the literature overview, that is given in Section 2, followed by an
expert discussion. The debate and consultation among the four experts/decision
makers from the area of Economics (Macroeconomics, Faculty of Economics,
16 years of experience, working with the Regional development agency; Microe-
conomics, Faculty of Economics, 19 years of experience, working with Faculty
of Economics), Sustainable Tourism (Faculty of Science and Mathematics, 11
years of experience, working with Faculty of Tourism and hotel management),
and Ecology (Faculty of Science and Mathematics, 12 years of experience, work-
ing with Ministry of environmental protection and Research institute), based
on their life and working experience, has led to the selection of six criteria
[10]: Environmental Sustainability (S), Digital Support for Circular Practices
(D), Resource Efficiency (R), Transparency and Reporting (T), Adaptability
and Scalability (A), Economic Feasibility(E), as can be seen in Fig. 1.

Environmental
Sustainability

Economic

Feastbility

Circular

economy
criteria

Adaptabihty
and Scalability

Transparency
and Reporting

Fig. 1. Criteria influencing Circular Economy.

3.1 Environmental Sustainability

Environmental sustainability represents a key criterion for evaluating informa-
tion systems within the context of the circular economy, as any system that
contributes to reducing negative environmental impacts directly supports the
core goals of sustainable development. This includes processes and technolo-
gies that reduce greenhouse gas emissions, minimize waste, and optimize energy
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consumption. Information systems can enable the monitoring of energy perfor-
mance—for instance, the energy usage of servers, cooling systems, and inter-
nal networks—thereby facilitating the identification of “bottlenecks” and oppor-
tunities for efficiency improvements. Hardware and infrastructure components
that are recyclable or repairable extend the lifecycle of equipment, reducing
the need for new raw materials [11]. Furthermore, software optimization and
well-designed algorithms can lower computational demands, thereby decreasing
energy consumption during task execution [12]. The integration of renewable
energy sources, optimization of data center cooling, and adoption of “green” pro-
curement and distribution practices for IT equipment can further reduce the eco-
logical footprint of such systems. Environmental sustainability is also closely tied
to regulatory frameworks, as many countries and regions have established stan-
dards for emissions, electronic waste recycling, and energy efficiency. Information
systems that assist in meeting these standards offer a comparative advantage.
Additionally, the ecological impacts of systems are often long-term in nature,
meaning that investments in sustainability tend to pay off over time through
reduced operational costs and energy consumption. However, it is equally im-
portant to consider potential drawbacks—such as the energy demands of data
centers themselves, or the production and disposal of hardware—in order to
design systems in a holistic and environmentally responsible manner [13].

3.2 Digital Support for Circular Practices

Digital support for circular practices implies that information systems serve not
only operational purposes but also enable the monitoring of material flows, the
optimization of production and operational processes, maintenance, recycling,
and lifecycle management of products [11]. This includes tools such as ERP
systems, inventory management platforms, IoT sensors, digital twins, blockchain
for transparent supply chains, and real-time data analytics systems.

These tools allow for the identification of inefficiencies, the prediction of fail-
ures, the reduction of material and energy losses, and the increase in reuse rates.
Digital product passports and systems for tracking components throughout use
and service phases can extend product lifespans and facilitate recycling [14].
Sharing platforms, marketplaces for second-hand equipment, or resource redis-
tribution systems also support the circular model.

However, it is critical that these systems be interoperable, use standardized
data formats, and be designed to support flexible models—since different indus-
tries, regions, and organizational sizes have distinct requirements. Moreover, it
is essential that these solutions remain accessible and that the costs of imple-
menting digital support systems are affordable, particularly for smaller firms or
those operating in rural areas.

Digital tools must also include mechanisms for data verification and relia-
bility, enabling users to trust the accuracy of reporting and analytics. Finally,
poorly implemented or fragmented digital practices may lead to “rebound ef-
fects” or unexpected increases in energy consumption, potentially offsetting the
environmental benefits they are intended to deliver.
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3.3 Resource Efficiency

Resource efficiency refers to the extent to which an information system enables
the effective use of materials, energy, and other inputs without unnecessary
losses. In practice, this means that systems should facilitate precise tracking
of resource consumption, identification of redundancies or surpluses, and the
reduction of waste in production and operational processes [13].

The reuse of components—through repair, remanufacturing, or the use of
replacement parts—reduces the need for new raw materials [12]. Planning and
analytics functions within systems can support inventory optimization, help pre-
vent overstocking, and minimize material waste or over-ordering. Digital mon-
itoring of material flows provides visibility into where materials are held, how
they are used, and the proportions that are recycled or discarded—offering a
measurable indicator of efficiency [14].

Resource efficiency is particularly critical in material-intensive sectors such
as manufacturing, construction, and agriculture. Technologies such as IoT sen-
sors, automation, and predictive analytics can anticipate failures and prevent
breakdowns, thus reducing unplanned downtime and associated losses.

The implementation of circular flow models means that materials tradition-
ally considered waste can be reintegrated into value chains through recycling or
repair. Resource efficiency is closely linked to economic performance, as savings
in materials and energy often translate into lower operational costs. Nonetheless,
several challenges remain, including the collection of reliable data, the infras-
tructure needed for continuous monitoring, system maintenance, and the initial
investment required to deploy the necessary technologies [12].

3.4 Transparency and Reporting

Transparency and reporting represent a critical component of sustainable busi-
ness practices in the digital era, as they provide all relevant stakeholders —
including investors, regulators, partners, and consumers — with insights into
environmental performance, resource flows, and progress toward sustainability
goals. In the context of information systems, this means that digital platforms
must be capable of generating accurate, complete, and up-to-date reports aligned
with internationally recognized standards such as the Global Reporting Initiative
(GRI), Carbon Disclosure Project (CDP), and the Task Force on Climate-related
Financial Disclosures (TCFD) [15].

High-quality ESG reporting enhances business transparency, reduces infor-
mation asymmetry, and fosters trust among investors, consumers, and the wider
public. Numerous studies have shown that companies with greater transparency
in ESG practices achieve improved access to capital, receive higher ratings from
agencies, and demonstrate greater resilience in periods of market volatility [16].
Moreover, public and open communication regarding environmental risks and
impacts can serve as a foundation for more responsible decision-making and
reputational gains.
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However, despite its growing relevance, ESG transparency remains unevenly
developed. Many companies tend to disclose only favorable data, while negative
aspects are concealed or marginalized—often relegated to footnotes or poorly
elaborated sections of reports [17]. Such practices hinder comprehensive assess-
ments of environmental impacts and undermine confidence in the published in-
formation.

An additional challenge lies in the diversity of metrics and indicators used
across organizations. Companies often apply different indicators, measurement
units, and reporting frequencies, making cross-comparisons of ESG performance
difficult. The lack of standardization complicates benchmarking, despite the in-
creasing number of guidelines and regulatory initiatives.

To ensure credibility, information systems must include functionalities for
both internal and external data verification, including audit trails, data assur-
ance features, and options for independent third-party review. Data reliability
becomes especially crucial when reports are used to support investment or reg-
ulatory decisions.

Within the context of evaluating information systems, this criterion can be
assessed across several dimensions: whether the system enables ESG report gen-
eration; the comprehensiveness and timeliness of those reports; the degree of
alignment with established regulations and standards; the level of support for
automated data collection; and the accessibility of data to external stakeholders.
Transparency is not merely a technical issue — it is a strategic imperative that
underpins responsible governance and long-term sustainability.

3.5 Adaptability and Scalability

Adaptability and scalability refer to the ability of an information system to ex-
pand and adjust to changing conditions—whether in terms of scope, number
of users, data volume, technology integration, industry sector, or geographic
location—without a decline in performance or incurring excessive costs. A sys-
tem should be modular and flexible, allowing for the integration of additional
components (e.g., new sensors, analytics modules, or compliance standards) as
the organization grows or the operating environment evolves. In rural areas or
smaller enterprises, adaptability also implies ease of maintenance, low infras-
tructure requirements, and the ability to function under resource constraints.
Scalability includes the system’s ability to process increasing volumes of data,
support a growing number of users, and maintain stability as operations ex-
pand. It should also be capable of supporting extended logistics networks or
supply chains. Technical sustainability is another key aspect: the system’s soft-
ware and hardware should be upgradable, compatible with emerging technolo-
gies, and allow for regular updates and improvements. Furthermore, the system
should be configurable for diverse regulatory, cultural, and infrastructural con-
texts—meaning the same system can be adapted to different conditions with
minimal reengineering. Studies on "system of systems" architectures highlight
that interoperability and scalability remain significant challenges in the broader
deployment of green technological solutions [18].

287



3.6 Economic Feasibility

Economic feasibility addresses the cost—benefit relationship of an information
system within the context of the circular economy—specifically, whether the in-
vestment is financially viable, how quickly it yields returns, how much it reduces
operational costs, and what long-term or indirect benefits it offers. Costs may
include hardware and software acquisition, system implementation, integration,
operational maintenance, electricity consumption, employee training, and poten-
tial upgrade expenses [19]. Benefits can be direct—such as reduced material and
energy consumption, lower waste management costs, and optimized logistics and
inventory—but also indirect, including improved brand reputation, regulatory
compliance, access to subsidies or green financing, enhanced consumer percep-
tion, and the enablement of new business models. The study [11] indicates that
investments in digital technologies can significantly improve economic perfor-
mance, provided that risks and costs are carefully managed. Literature reviews
show that economic considerations are often a key barrier for small enterprises
or organizations in rural areas, where initial investments may exceed available
capacities. Return on investment (ROI) depends on several factors: the scale
of system usage, resource efficiency, energy savings, waste reduction, and the
system’s operational lifespan. In many cases, the benefits only materialize after
the system has stabilized, and the actual payback period may be longer than
initially projected [20].

4 Methodology

The Analytic Hierarchy Process (AHP), developed by Thomas L. Saaty in the
1980s, has since been widely adopted as a robust decision-making method [21]. It
enables the representation of comparative judgments using exact numerical val-
ues, typically natural numbers. A central advantage of AHP lies in its capacity to
evaluate competing criteria, sub-criteria, and alternatives through a structured
and hierarchical approach. This process blends logical analysis with intuitive
judgment by decomposing complex decision problems into multiple levels — be-
ginning with the overall goal, followed by a hierarchical breakdown of criteria
and sub-criteria. The method facilitates pairwise comparisons among elements
at the same hierarchical level while taking into account their relative influence
on higher-level objectives. Parallel to this, fuzzy set theory, introduced by Lotfi
Zadeh in 1965, has served as a foundational tool for handling uncertainty and
vagueness in decision-making [22, 23]. Originally designed to support linguistic
representation, the theory extends classical set theory by allowing elements to
have degrees of membership, rather than binary inclusion. Within this frame-
work, elements can belong to a set with varying levels of certainty, expressed as
values between 0 and 1 via membership functions. A single fuzzy set may encom-
pass multiple distinct membership functions, enabling decision-makers to model
incomplete or imprecise information in a more nuanced and flexible manner.
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4.1 Triangular fuzzy Numbers and Fuzzy AHP algorithm

In the sequel, basic properties on triangular fuzzy numbers will be given.

Let all fuzzy sets defined on the set of real numbers R be represented as
F(R).

The number A € F(R) is a fuzzy number if there exists z9 € R so condition
pa(zo) = 1 holds, and Ay = [z, pa,(z) > A] is a closed interval for every
A € [0,1]. The membership function, a component of a triangle fuzzy number
(TFN) A, is a function g4 : R — [0, 1], defined as

i<z <m,
prp(z) =< 22 m<z<u, (1)

u—m’
0, otherwise,

where inequality | < m < wu holds. Variables I, m and w are the lower, middle,
and upper value, respectively, and when | = m = wu, TFN becomes a crisp
number. In the sequel, the triangular fuzzy number will be denoted by A =
(I,m,u). For the purpose of decision-making, some TFNs, their meaning and
graphical representation will be stated: 1 = (1,1,3) (Equal importance), 2 =

(
(1,2,3) (Absolutely weak dominance), 3 = (1, 3,5) (Extremely weak dominance),
(3,4,5) (Very weak dominance), 5 = (3,5,7) (Fairly weak dominance),
(5,6,7) (Fairly strong dominance), 7 = (5,7,9)(Very strong dominance),
8 = (7,8,9) (Extremely strong dominance), and 9 = (7,9,9) (Absolutely strong
dominance). Odd TFNs are presented in Fig. 2, while the even ones, serving as

a intermediate values (AHP) were omitted.

%:
(}:

12

0.8
0.6
0.4

0.2

Fig. 2. Graphical representation of triangular fuzzy numbers.

For basic algebraic properties of TFNs and corresponding integral values
given below, one can refer to [24-26].
Addition:

Ay @ Ay = (I, my,u1) ® (o, ma, ug) = (I 4 by, my +mao,uy +ug),  (2)
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Subtraction:

Ay © Ay = (I, m1,u1) © (ly, ma,uz) = (I —ua,my — ma,ur —la),  (3)

Multiplication:
;11 ® 1212 = (11,m1,u1) & (52,m27U2) = (ll “lg,my - ma, Uy 'U2)a (4)
Reciprocal:
ATt = (L, my,u) 7 = (i S l) (5)
1 9 ) ul ) ml’ ll )
Scalar multiplication:
k;-jll:k‘-(ll,ml,ul):(/f-ll,k~m1,k‘-u1). (6)

The most important steps, fuzzification and defuzzification, are presented
below. ~ -
Using the triangular fuzzy numbers from the comparison matrix D = (dij)

applying

nxn’

A:ZZdij:ZZ(lijymijauij)a (7)

and

WIS 1 1 1
A_1 = dz = n n ) n n ) n n )
Z Z ’ (Eizl Zj:l lij i Zj:l Mij D iq Zj:l “ij)

i=1 j=1
(8)
the value of the fuzzy synthetic extent is obtained as follows:

n n
giZZJij®A_l =Z(lij,mij,uij)®A_l, 1 =1,n. (9)
j=1 j=1
Next, using
~ 1
w; = I3(S;) = i(Aui +mi+ (1= AN)m;), A€ [0,1],i =T,n, (10)

the total integral value for the TFNs S; is calculated.
The steps of the used algorithm are presented below. [27].

5 Results and Discussion

Firstly, the comparison matrix will be given, explaining the criteria rank and im-
portance. According to the experts opinions, the criteria significance is presented
in Fig. 3.

All the calculations were done in Microsoft Excel.
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Algorithm 1 Steps in the FAHP process.

: Establish the main goal
Identify Xi, Xij
Construct D
Calculate CR
if CR > 0.1 then
Adjust values
go to 3
else _
Fuzzification, calculate S;

H
@

Defuzzification, calculate w;

— =
DN =

Calculate w;
Xij ranking
: end if

—_
w

> Criteria and sub-criteria

> The main Fuzzy correlation matrix

> Consistency ratio, CI = M711_7L7 CR=¢
n— RI

> Recalculations, new fuzzy matrix

> §~L = Z;Lzl Jij ®A71, 1=1,n
> w; = %()\uz—i—ml—l—(l —/\)mi), NS [0, 1]

. . -1
> Normalization vector, w} = w; (37, w;)

S D R T A E
S i 3 3 5 7 7
D 31 i i 3 5 5
R 31 ig! i 3 5 5
T 51 31 31 il 3 3
A 71 51 51 31 i i
E 71 51 51 31 11 il

Fig. 3. The fuzzy comarison matrix for main group of criteria.
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This matrix is consistent, since CR = 0.025(CT = 0.032, Ajpq = 6.158). The
criteria with the highest weight is Environmental Sustainability (S), followed
by (in the case of AHP) equally ranked criteria D and R, representing Digital
Support for Circular Practices and Resource Efficiency, with the weight 0.199,
being 2.13 times less important than the leading criteria. The least important
criteria, with the equal weight of 0.042 in the AHP are Adaptability and Scala-
bility (A) and Economic Feasibility (E). In the case of pessimistic FAHP (A = 0)
the leading criteria weight is equal 0.374, followed by criteria D and R with the
corresponding weights 0.219 and 0.214. At the end of the ladder lie criteria A
and E with the weights 0.047 and 0.042 respectively. For A = 1 (optimistic case),
criteria Environmental Sustainability is 1.55 more important than criteria Digi-
tal Support for Circular Practices, and 1.65 and 2.86 times more important than
Resource Efficiency and Adaptability and Scalability. With the least important
criteria, this qoutient is equal 9.23.

The weights of all criteria in the case of AHP and five cases of FAHP can
be seen in Fig. 4 where the weights in the semi-pessimistic and semi-optimistic
case of the FAHP can be seen. The corresponding fuzzy numbers obtained in
the fuzzification process can be seen in Fig. 5.

0.45
0.4
0.35
0.3
0.25

0.2

0.

0.1 I I I

0.05

. III III III [ [ In
A=0 =1

h=0.25 A=0.5 A=0.75

=
[44]

AHP FAHP

ES D mR BT mA BE

Fig. 4. Synthetic fuzzy numbers obtained in the defuzzification process.

Furthermore, the analysis of interdependencies among criteria through a vi-
sual model enhances the understanding of the systemic nature of sustainability
within information systems, thereby enabling a more integrated approach to the
planning, development, and evaluation of digital solutions. This study not only
extends the existing theoretical foundations in the fields of information systems
and sustainable development but also offers a practical tool to support organi-
zations in systematically implementing data-driven circular business models.
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—a—35 D R T —e—A —e—E

Fig. 5. The ranking of criteria in the case of AHP and FAHP.

The practical value of this manuscript lies in its potential to inform decision-
making in real-world contexts, both for managers involved in the implementation
of information systems and for policymakers aiming to promote sustainable dig-
ital transformation across the public and private sectors. Importantly, the pro-
posed framework is adaptable to specific contexts, including small and medium-
sized enterprises (SMEs) and rural communities, thus addressing a frequently
overlooked dimension in the existing literature.

6 Conclusion

This study provides a multidimensional analysis of the role of information sys-
tems in supporting the implementation of circular economy principles, with a
particular focus on sustainability, transparency, resource efficiency, and economic
viability. In contrast to most previous studies that examine these domains in
a fragmented manner and without a clear evaluation framework, this research
integrates key criteria into a unified assessment model, enabling systematic com-
parison and ranking of solutions within the realm of digital sustainability. The
scientific contribution of the study lies primarily in the definition and structur-
ing of six core groups of criteria for evaluating the sustainability of information
systems: (1) environmental sustainability, (2) digital support for circular prac-
tices, (3) resource efficiency, (4) transparency and reporting, (5) adaptability and
scalability, and (6) economic viability. These groups are ranked based on their
relative importance and impact, thereby facilitating a deeper understanding of
the interactions within the system.

Although this study provides a theoretical framework for understanding and
evaluating the contribution of information systems in the context of the circular
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economy and sustainable development, it is necessary to acknowledge several
limitations that may affect the applicability and generalizability of the findings.

First, the proposed ranking model is based on a qualitative analysis of rel-
evant literature and logical reasoning, supplemented by the use of quantitative
multi-criteria decision-making methods such as AHP and FAHP. As a result, a
certain degree of subjectivity is inherent in determining the relative importance
of individual criteria, which could be more precisely defined through collabora-
tion with industry experts. Second, the model has not yet been tested in real
organizational settings, and its functionality and applicability therefore remain
at a theoretical level. Empirical validation, through case studies, interviews with
managers, or pilot implementations in specific companies, could significantly
enhance its practical relevance and help identify potential challenges in imple-
mentation.

Moreover, the framework is not specifically tailored to particular industrial
sectors or regional contexts, despite the fact that needs and priorities can vary
significantly between, for example, the IT industry, agriculture, or construction.
In addition, most of the regulatory and strategic guidelines included in the analy-
sis are derived from the European context (e.g., EU regulations, ESG standards),
which may limit the model’s relevance in countries with different legislative and
market conditions.

Another limitation lies in the model’s omission of the temporal dimension of
digital sustainability development. The relevance of individual criteria may shift
depending on the implementation phase of the information system or the evo-
lution of a company’s business model. Furthermore, the study does not address
aspects of data security and privacy, which are critical in digitized and intercon-
nected information systems—especially within the context of sustainability and
circular economy, where data plays a central role in tracking resource flows.

Finally, the study does not incorporate the perspectives and experiences of
practitioners from relevant domains, such as I'T managers, sustainability experts,
software solution providers, and decision-makers in both the private and public
sectors. Their input would be invaluable for further validating the proposed
criteria and aligning them more closely with real-world market needs.

In light of these limitations, future research should focus on: Empirically test-
ing the proposed model in real-world organizational contexts; Applying quanti-
tative methods to determine the weights and priorities of criteria; Adapting the
framework to specific industries and geographical regions; Expanding the model
to include dimensions related to security and risk; and Incorporating practitioner
perspectives through interviews, workshops, or surveys.

By addressing these areas, the model could evolve into a robust tool for both
researchers and strategic decision-makers seeking to integrate information sys-
tems and circular economy principles in pursuit of sustainable and competitive
business practices.
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