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Abstract: Manufacturing organisations face increasing pressure to assess and report their
sustainability performance, particularly with the introduction of the European Sustain-
ability Reporting Standards (ESRS). This paper presents a novel sustainability assessment
framework that integrates ESRS guidelines with the Analytic Hierarchy Process (AHP)
to provide a comprehensive evaluation methodology for manufacturing organisations.
The framework addresses the limitations of existing approaches by systematically incor-
porating standardised sustainability indicators while enabling precise weighting of their
relative importance. Through a structured approach, the framework evaluates environ-
mental, social, and governance dimensions using both measurable and non-measurable
indicators derived from ESRS guidelines. The methodology includes automated pairwise
comparisons and weight calculations, significantly reducing the complexity traditionally
associated with multi-criteria decision-making methods. The framework’s effectiveness is
demonstrated through its implementation in a manufacturing organisation, where it suc-
cessfully evaluated 38 sustainability indicators across 10 ESRS-defined subtopics. The case
study highlighted areas requiring immediate attention, particularly in water and marine
resources management, where performance fell below the established benchmark. This
research contributes to both theory and practice by offering manufacturing organisations
a structured approach to sustainability assessment that combines regulatory compliance
with effective performance evaluation. The framework’s automated nature and integration
of standardised reporting requirements make it particularly valuable for organisations
transitioning to mandatory sustainability reporting under ESRS guidelines.

Keywords: sustainability assessment; ESRS compliance; analytic hierarchy process;
manufacturing sustainability; sustainability indicators

1. Introduction

Manufacturing companies are crucial to the economic development of nations, driving
industrial growth and contributing significantly to global markets [1]. However, their
operations often lead to extensive resource consumption and emissions, particularly in
urban areas where 70% of Europe’s population reside. This concentration of manufacturing
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activities in densely populated regions amplifies their environmental impact, making
sustainable practices increasingly critical [2,3].

In response to these challenges, consumer preferences and regulatory frameworks
have evolved rapidly. On the one hand, organisations face mounting pressure from envi-
ronmentally conscious consumers; on the other hand, governments are introducing stricter
policies to address the environmental, social, and economic implications of industrial oper-
ations [4]. In particular, starting in 2024, about 50.000 organisations will become subject to
the new sustainability reporting standards of the European Union (EU), marking a decisive
shift from voluntary to mandatory disclosure [5].

To meet these emerging requirements and stakeholder expectations, manufacturing
firms must rigorously evaluate their sustainability performance. This assessment is essential
not only for regulatory compliance but also for identifying areas of improvement and
guiding strategic decision-making aligned with sustainability objectives [6-8]. Beyond
regulatory adherence, many companies now view sustainability as an integral part of
their long-term competitiveness. Initiatives such as adopting renewable energy, recycling
programmes, and waste reduction practices reduce environmental footprints and improve
brand reputation and stakeholder trust [9]. Complementary methodologies such as Green
Lean Six Sigma (GLS) further support efficiency improvements, emission reductions, and
economic resilience [10].

Despite the growing importance of sustainability, the literature on comprehensive as-
sessment frameworks remains fragmented. Although various studies propose parameters
and Key Performance Indicators (KPIs) for evaluating sustainability performance [1,11,12],
existing methods show clear limitations. Index-based approaches, for example, often assign
equal weights to all indicators, oversimplifying the complexity of sustainability dynamics
in manufacturing contexts [13]. This is particularly problematic given the increasingly intri-
cate regulatory environment defined by the European Sustainability Reporting Standards
(ESRS) [14]. Moreover, while some authors have integrated multi-criteria decision-making
methods into sustainability assessments, these attempts frequently lack systematic align-
ment with standardised reporting frameworks, limiting their practical applicability in
real-world settings [15].

In addition, recent developments in Industry 4.0 highlight the potential of ad-
vanced automated approaches to assessing operational performance in manufacturing
contexts [16-20]. Moreover, systemic analyses illustrate how Industry 4.0 and digital trans-
formation impact the triple bottom-line of sustainability, reinforcing the need for integrated
evaluation frameworks [21,22].

This study aims to overcome these gaps by presenting an innovative framework that
reconciles regulatory compliance with effective sustainability management. Central to this
approach is integrating the ESRS guidelines into the selection and structure of sustainability
indicators, ensuring coherence with current requirements while maintaining analytical
rigour. We enhance this integration with the Analytic Hierarchy Process (AHP), which
enables the development of a weighted hierarchy of factors that accurately reflects their
relative importance. In addition, the proposed framework automates key steps in the
evaluation process, reducing complexity without sacrificing detail. This combination of
standardisation, methodological rigour, and automation provides organisations with a prac-
tical tool to assess their performance, pinpoint areas for improvement, and make informed
decisions that harmonise environmental responsibility with operational effectiveness.

The remainder of the paper is organised as follows. Section 2 examines the ESRS
and the AHP, establishing the theoretical basis for the proposed framework. Section 3
outlines the proposed methodology and the development steps of the framework. Section 4
illustrates its practical implementation through a case study in a manufacturing firm,
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presenting both the application process and the resulting insights. Finally, Section 5
discusses the implications of the findings and suggests future research directions.

2. Methods and Related Work

The development of a comprehensive sustainability assessment framework requires
a thorough understanding of both current regulatory standards and established method-
ological approaches. This section examines three key elements that form the basis of the
proposed framework. First, we analyse the ESRS, the regulatory framework that defines
sustainability reporting requirements for EU organisations. This analysis is essential, as the
ESRS provides the structural basis for indicator selection and categorisation in the proposed
framework. Second, we explore the AHP, the methodological tool that enables systematic
weighting and evaluation of sustainability indicators.

2.1. European Sustainability Reporting Standards (ESRS)

The ESRS, developed by the European Financial Reporting Advisory Group (EFRAG)
and approved by the European Commission, establish a cohesive, mandatory framework
for sustainability reporting across the EU. Applicable to large enterprises and Small and
Medium-sized Enterprises (SMEs), these standards align closely with the EU’s objective of
becoming climate-neutral by 2050 [14]. Designed to align closely with the EU’s ambitious
sustainability objectives, ESRS promotes transparency, accountability, and comparability
in reporting practices. These standards are integral to achieving the broader goals of the
European Green Deal, which aims to make Europe the first continent to be climate neutral
by 2050 [23].

One of ESRS’s key objectives is to integrate Environmental, Social, and Governance
(ESG) factors into organisational strategic planning. Incorporating ESG into decision-
making processes helps businesses move from traditional models to more sustainable
practices where climate resilience, social justice, and good corporate governance become
central elements. This integration enables companies to assess not only their environmental
and social impacts but also their risks and opportunities in the face of global challenges
such as climate change and resource depletion.

ESRS plays an essential role in ensuring compliance with EU regulations and enhanc-
ing the validity and reliability of information. By providing harmonised metrics, ESRS not
only facilitates compliance with EU regulations but also supports stakeholders, investors,
regulators, and consumers in accessing comparable and credible sustainability data. This
harmonisation is crucial for integrating ESG considerations into strategic decision-making
and unlocking sustainable finance opportunities. In addition, ESRS provide harmonised
and universal measurement and reporting methods, bridging information gaps between
companies, industries, and countries. Such unified approaches become particularly rele-
vant in a globalised economy, as international supply chains and investment flows require
standardised sustainability metrics. Companies implementing ESRS are empowered to
comply and signal their commitment to responsible and sustainable business practices.

Another important feature of ESRS is their ability to transform corporate culture. These
standards provide a structured methodology for assessing and managing ESG impacts,
encouraging companies to innovate. Organisations are incentivised to adopt technologies
that reduce carbon footprints, improve energy efficiency, and promote a circular economy.
This approach helps not only to identify areas for improvement but also to strengthen
companies’ competitive position in the marketplace.

Among global sustainability frameworks, the ESRS exhibits significant alignment with
the Global Reporting Initiative (GRI), sharing many of the requirements [24]. However,
the ESRS have features that set them apart from other standards, including the GRI. They
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are adapted to the European context and consider specific regional conditions, including
legal, environmental, and social features. Unlike the voluntary GRI framework, the ESRS
is mandatory and a powerful tool for achieving the EU’s climate and social goals. It was
developed with input from various European stakeholders, including non-governmental or-
ganisations, industry, and regulators. This ensures that the ESRS reflects regional priorities
and needs while remaining universal across sectors.

ESRSs also play an important role in integrating the United Nations” Sustainable
Development Goals (SDGs) into corporate strategies. They help companies go beyond
simply meeting regulatory requirements, turning their activities into active contributions to
global goals. ESRS is creating a more responsible marketplace where consumers, investors,
and regulators have access to transparent, reliable, and comparable information. This,
in turn, contributes to building trust and developing a more equitable and sustainable
economic system.

Ultimately, ESRSs are becoming not only a regulatory tool but also a strategic enabler
for the transformation of the business environment in Europe. They provide companies
not only with guidance on how to assess their impact but also with a platform to create
new opportunities, build trust, and increase resilience in the face of global challenges. This
approach enables European businesses to become a global role model for sustainability.

The ESRS framework encompasses various measurable and non-measurable indicators.
In addition to disclosing the current sustainability impacts, the ESRS requires a statement on
the future goals and organisational strategies for the short-term, mid-term, and long-term.
ESRS consists of four main parts [25], including general information and environmental,
social, and governance information (Figure 1).

G1 Business
conduct
T — E1 Climate
Governance
—> E2 Pollution
1 General
Requirements
. ) E3 Water and
ESRS | Environment }__) marine resources
2 General
Disclosures E4 Biodiversity and
ecosystems
Social
E5 Resource use and

circular economy

I ! !

S10wn 52 Workers in S3 Affected  S4 Consumers
workforce  the value chain  communities  and end users

Figure 1. Structure of the ESRS.

The General category forms the basic reporting framework, including general re-
quirements and disclosures that serve as the basis for the entire ESRS system and apply
to all organisations that adhere to the standards. The Environment category covers five
key areas, including climate change (E1), pollution (E2), water and marine resources (E3),
biodiversity and ecosystems (E4), and resource use and the transition to a circular economy
(E5), highlighting the priority of minimising environmental impacts. The Social category is
divided into four areas, assessing the impact of organisations on their staff (S1), workers in
the value chain (S2), affected communities (S3), and consumers and end users (54), allowing
the social dimensions of sustainability to be taken into account. The Governance category
focuses on business behaviour (G1), encompassing corporate culture, ethical standards,
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and governance mechanisms, ensuring compliance with sustainability principles and im-
proving corporate accountability. The nominated ESRS categories and related indicators are
structured in Table 1. In this study, we focus on the Environmental, Social, and Governance
categories, omitting the General category since it primarily provides overarching guidelines
rather than discrete, quantifiable indicators. Concentrating on dimensions E, S, and G aligns
with our objective to establish a quantifiable ESRS-compliant sustainability assessment.

Table 1. ESRS sustainability structure [25,26].

ESRS Sustainability Pillars Sub-Sections Number of Indicators
Climate change (E1) 18
Pollution (E2)

Environmental Information Water and marine resources (E3)

Biodiversity and ecosystems (E4)

Resource usage and circular economy (E5) 12

Own workforce (S1) 12

Workers in value chain (S2) 3
Social Information

Affected communities (S3) 3

Consumers and end users (54)

Governance

Business conduct (G1)

Total indicators 68

For ease of analysis, the ESRS structure is divided into sub-topics and sub-sub-topics,
allowing for a more precise and detailed consideration of the main aspects of environmental,
social, and governance reporting. This hierarchy facilitates data systematisation and is
required for pairwise comparisons under AHP. The four-level hierarchical structure is
shown in Figure 2. Furthermore, as an example, Figure 3 provides an example of how
hierarchical structure is established, starting from the goal to the indicator level for one
subtopic, i.e., resource use and circular economy (E5).

ESG Framework Hierarchy

< Overall Sustainability Goal

ESG dimensions

Sub-topics under each criterion

<
=

Sub-sub-topics with Specific KPIs

AR
VARV

—
<
~

|_—

Figure 2. ESG framework hierarchy.
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Figure 3. Example hierarchical structure for subtopic E5.

The first dimension of the ESRS structure, i.e., the environmental information, consists
of five sub-topics (E1-E5), which are further subdivided into 43 sub-sub-topics (metrics
or indicators) [27]. It contains information on adaptation, mitigation, greenhouse gas
emissions, soil, air, and water pollution, metrics for the use of water resources, and the
amount of water discharged into the oceans. It also includes information about the impact
of land desertification, land degradation, species, total waste, and waste management. The
social information comprises four sub-topics (51-S4) and 21 sub-sub-topics. It comprises
information about individuals or groups of individuals relevant to the organisation, includ-
ing their workers or workers in the value chain. It also encompasses information about end
users of the products and all affected communities. The last part of the ESRS structure, i.e.,
the governance, has one sub-topic and four sub-sub-topics and discloses the framework
adopted by the organisation for identifying, investigating, and reporting violations of the
code of conduct. It also reports information on the protection of whistle-blowers and the
prevention of corruption and bribery. These three dimensions include ten sub-topics and
68 sub-sub-topics, referred to as metrics or indicators (Figure 1).

This subdivision of ESRS simplifies the structure, providing clarity and convenience
in data collection, analysis disclosure, and further computation.

2.2. Analytical Hierarchy Process for Sustainability Assessment

The AHP is a widely used multi-criteria decision-making method that structures
complex evaluations into hierarchical levels. Developed by Thomas Saaty [28], AHP struc-
tures complex problems hierarchically, breaking them into simpler and more manageable
components. This hierarchical organisation facilitates systematic pairwise comparisons, in
which decision-makers assign relative weights to criteria based on their importance [29].
This capability is particularly useful in contexts where trade-offs are necessary, such as bal-
ancing the environmental impacts of a project against its economic benefits or reconciling
short-term corporate profits with long-term sustainability goals.

In recent years, AHP has become an important tool for integrating sustainability
into corporate strategies, especially within ESG analyses—environmental, social, and
governance responsibility [30]. The methodology provides not only a comparison of
priorities but also a consideration of their interrelationships. In the environmental context,
it helps to assess the effectiveness of measures to reduce carbon emissions, rationalise
resource use, and reduce environmental impacts. In the social sphere, AHP identifies how
labour practices, equity, and community engagement affect the long-term goals of the
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business. On the governance side, the method supports analyses of corporate transparency,
anti-corruption, and ethical standards. AHP integrates all three aspects of ESG into a single
framework, contributing to the formation of holistic strategies.

Previous studies have applied AHP to prioritise renewable energy solutions, evaluate
circular economy strategies, and assess supplier sustainability. For example, it has been
used to prioritise renewable energy projects by weighing criteria such as cost, energy
efficiency, and ecological impact [31]. Similarly, in transitioning to a circular economy, AHP
helped to evaluate strategies based on their potential to reduce waste, improve resource
efficiency, and drive economic viability [32]. In addition, organisations use AHP to assess
the sustainability of suppliers, incorporating both quantitative metrics and qualitative
assessments into the decision-making process [33].

Despite its robustness, AHP can be challenged by subjective inputs and potential
inconsistencies in expert judgments. Recent advances, such as the integration of fuzzy
logic [34] or other uncertainty management techniques [35], enhance the reliability of AHP,
allowing for more confident application in contexts where qualitative evaluations play a
key role. By combining AHP with the ESRS framework, we establish a systematic method
to weigh and integrate ESG indicators, resulting in a customised sustainability index. This
integrated approach supports compliance with evolving EU reporting standards and offers
organisations a practical, data-driven tool to identify improvement areas, guide strategic
decisions, and improve overall sustainability performance.

3. The Proposed ESRS-AHP Integrated Sustainability
Assessment Framework

The importance of a structured approach to assessing sustainability in manufacturing
has been highlighted, pointing out the limitations of existing methodologies and the
potential offered by integrating ESRS and AHP. Although the ESRS provides a standardised
set of sustainability indicators and reporting guidelines, the AHP offers a systematic method
to weigh and prioritise these indicators according to their relative importance. By merging
these two components, the proposed framework ensures that the resulting Sustainability
Index (SI) not only complies with regulatory requirements but also accurately reflects the
strategic objectives and context-specific needs of the organisation under evaluation.

The rationale behind this integration is two-fold. First, the ESRS serves as a reference
point that ensures that the assessment covers all critical dimensions, environmental, social,
and governance, and is aligned with the latest EU regulations and stakeholder expectations.
Second, the AHP supports informed decision-making by assigning meaningful weights
to a hierarchy of criteria and sub-criteria. This approach avoids the common pitfall of
equal weighting, which often oversimplifies complex sustainability challenges. Instead,
our framework acknowledges that some indicators may be more relevant than others,
depending on corporate priorities, industry-specific factors, and performance benchmarks.

Figure 4 provides an overview of the proposed framework. The process begins with
the definition of a high-level sustainability objective, from which the main ESG dimensions
are derived and further broken down into sub-topics and specific indicators (Section 3.1).
This is followed by a hierarchical structuring of the ESG dimensions and indicators, to
which the AHP method is applied for weight determination. The data of the measur-
able and qualitative indicators are then collected and normalised to ensure comparability
(Section 3.2). The AHP-based weight determination process follows, allowing experts
to perform pairwise comparisons and assign relative importance to different hierarchy
elements (Section 3.3). Consistency checks are performed to validate the reliability of expert
judgments before aggregating weighted indicators into a single SI, providing a clear picture
of organisational sustainability performance (Section 3.4). Finally, we introduce a software
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application that automates and streamlines the entire process, providing a user-friendly
interface, data visualisation tools, and adaptability to different data sets and evolving
standards (Section 3.5).

Data Collection and
Normalization

Indicator Identification
and Classification

Figure 4. Phases of the proposed ESRS-AHP assessment framework.

By transforming heterogeneous data into a structured hierarchy of weighted indicators,
the ESRS-AHP framework provides a snapshot of an organisation’s sustainability status
and a roadmap for continuous improvement. Once the SI is calculated, decision-makers
can pinpoint specific ESG domains or subtopics that fall short of desired benchmarks,
thereby identifying clear areas for intervention. This level of transparency and objectiv-
ity allows organisations to move beyond simple compliance, using the SI as a strategic
compass to guide policy adjustments, resource allocation, and long-term planning. In the
following sections, we apply our framework to a real-world case study, demonstrating
how the resulting insights can be leveraged to refine sustainability strategies and enhance
overall performance.

3.1. Indicator Identification and Classification

ESRS provides a comprehensive set of indicators in three dimensions; that is, envi-
ronment, social, and governance [25]. However, the selection criteria of a KPI depend on
its relevance, actionability, and stakeholder inclusiveness. A selected KPI should provide
strategic insights to the managers [36]. It should provide information about its future
impacts, current status, and direction, helping the organisation in their strategic decision-
making. The study [25] summarises 68 indicators (Table 1) under three dimensions of
sustainability, i.e., environment, society, and governance, as suggested by ESRS guide-
lines [26].

Once the KPIs were selected, they were classified into two categories: measurable and
non-measurable indicators:

*  Measurable KPIs are those that rely on quantitative data, which can be collected from
the organisation’s databases or reports. These indicators provide objective, numerical
insights into performance, such as total water consumption, total water recycled, or
total water restored.

*  On the other hand, non-measurable KPIs are qualitative in nature and often require
management assessments or expert judgments. These indicators reflect aspects of
sustainability that cannot be easily quantified, such as freedom of expression or social
inclusion and ethical marketing.
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3.2. Data Collection and Normalisation

The data used for the analysis were collected through a combination of direct mea-
surement and managerial assessments. Specifically, measurable indicators were derived
directly from organisational records, ensuring accuracy and consistency with the actual
operations. In contrast, non-measurable indicators were assessed subjectively by industry
managers, who provided scores based on their professional judgment. These scores, typi-
cally assigned on a scale from 0 to 10, allowed for the inclusion of qualitative aspects that
are not easily quantifiable.

To integrate these diverse indicators into a unified framework, normalisation tech-
niques were employed to standardise the data. Normalisation converts values with different
units and scales into dimensionless quantities, enabling their aggregation into a single sus-
tainability score. Among the various normalisation methods discussed in the literature [27],
such as worst-best case, benchmark normalisation, and expert judgment, the choice of
technique was guided by the nature of the data and the characteristics of each indicator, i.e.,
unit of the indicator and range of data. For this study, the worst-best case and benchmark
normalisation methods were selected based on their suitability for the metrics involved.

The worst-best case normalisation approach defines the scale by establishing the worst
and best possible scenarios for each indicator. For example, in the case of water recycling,
the worst-case scenario is 0% recycling, which corresponds to a normalised score of 0.
Conversely, achieving 100% recycling represents the best-case scenario and is assigned
a normalised score of 10. This method provides a clear and intuitive way to quantify
the relative performance of an indicator based on its potential impact. In contrast, bench-
mark normalisation calculates normalised values by comparing actual measurements with
predefined reference points or benchmarks. These benchmarks can be derived from indus-
try standards, regulatory thresholds, or the average performance within the sector. This
method ensures that the evaluation reflects both absolute and relative performance, offering
a nuanced perspective on how each indicator measures up to established expectations.

To ensure comparability and objectivity across different assessments using this frame-
work, the selection process for benchmark values should be transparently documented
and justified, ideally relying on established industry standards, regulatory thresholds, or
statistically relevant peer group performance data where available. Together, these normal-
isation techniques provide a robust framework for analysing and aggregating indicators,
enabling a comprehensive assessment of sustainability performance.

3.3. Weight Determination Using AHP

The process of determining weights in AHP begins with pairwise comparisons of
items at each level of the hierarchy. For assigning the weights to the different indicators,
many scholars used equal weights for the initial sustainability assessment. However,
assigning equal weights does not reflect the actual situation. The AHP has been widely
used in assigning weights to different indicators and making Multi-Criteria Decision-
Making (MCDM). Experts rate the relative importance of items using the Saaty [28] scale,
where values from 1 to 9 reflect the degree of preference of one item over another. For
example, a value of 1 indicates equal importance of the items, whereas 9 indicates an
absolute preference of one item over another. The results of pairwise comparison are
recorded in a square matrix of order n:

A= [al‘]‘] , AeR™" 1)
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1, i=j,
a; =41 ., ij=12..n )
4 i/ 1 # ]/
ﬂ]l

Here, n is the number of items under the same parent node.

The pairwise judgment is based on the parent node; in this case, it was ‘Environment
(E). We have n = 5 and thus a 5 x 5 matrix (Table 2). This pairwise comparison is done for
all the hierarchical levels and all the parent nodes. Table 3 shows the description of each
scale value.

Table 2. Pairwise comparison at level 2.

Environment (E) E1 E2 E3 E4 E5
El 1
E2 1
E3 1
E4 1
E5 1

After the square matrix of pairwise comparisons is constructed, the weights for each
element are calculated. First, for each column of the matrix, the sum of all its values is
calculated, which is necessary for further normalisation. Then, each value in the column
is divided by the corresponding sum to bring the data to a proportional form that reflects
their relative importance. The average value for each row of the matrix is then calculated,
which becomes the weight of the item, representing its relative importance. This process
translates the qualitative expert judgements into quantitative data, which are used in the
next stages of the analysis to determine the final SI.

Table 3. Pairwise comparison scale [37].

Scale Value Description

Equal importance

Moderate importance

Strong importance

NG| W =

Very strong importance

9 Extreme preference

2,4,6,8 Moderate values in between the preferred scale

When we make pairwise comparisons in real-world scenarios, it is almost impossible
to completely avoid errors in judgment. These small mistakes can lead to inconsistencies in
the decision-making process, especially in MCDM frameworks. To evaluate how consistent
the judgments are within a matrix, we use a metric called the Consistency Ratio (CR). This
ratio is calculated with the following formula:

CI
CR = i 3)

The RI, or Random Index, is a value that reflects the average Consistency Index (CI)
for a randomly filled matrix. The exact value of RI depends on the size, or order, of the
matrix, and these values are listed in Table 4. To ensure reliable results, a CR of less than 0.1
is generally accepted as a threshold for consistency [38].

Now, we calculate the CI using the following formula:
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Amax — 11
Cl=—"""— 4
1 (4)
Here, n is the number of criteria (the matrix order), and Amax is the largest eigenvalue
of the comparison matrix. Together, these metrics help us understand and improve the

reliability of the decision-making process.

Table 4. Tabulated Random Index (RI) values for different matrix orders from Saaty [28].

n 1 2 3 4 5 6 7 8 9 10
RI 0 0 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49

3.4. Aggregation and Sustainability Index Calculation

The Sustainability Index (SI) calculation process is a sequential aggregation of data at
all levels of the hierarchy. This process takes into account normalised indicator values and
weights, allowing information to be aggregated from the level of individual indicators to the
level of the organisation as a whole. This approach ensures transparency and systematicity,
ensuring that each element of the hierarchy contributes to the final indicator according to
its importance.

After assigning weights to the elements at each hierarchical level and normalising the
indicators’ values, the final step is to aggregate the SI. The aggregation procedure starts
from the indicators’ level and eventually moves towards the final SI at the organisational
level. Starting from the lowest level, the sustainability score for the parent sub-topic is
calculated using the following equation:

n
STZ' = ZM,‘-ZUZ' (5)
i=1

Here, ST; is the subtopic score, M; is the normalised indicator value, w; is the indicator
weight, and n is the total number of indicators associated with the subtopic. This formula
ensures that the contribution of each indicator is correctly accounted for by weighting them
according to their relative importance.

After obtaining the sustainability score at the sub-topic level, they are aggregated
to produce values at the level of the main sustainability dimensions (next higher level):
Environmental (E), Social (S), and Governance (G). These dimensions combine subtopics
within each of the ESG’s core areas using the following formula:

- Environmental (E):

n
E=) wg, ST, (6)
i=1
- Social (S):
n
S = ZZUSI. . STSi (7)
i=1
- Governance (G):
n
G= ZZUG]. . STG]. (8)
i=1

In these formulas, wg,, ws,, and wg, represent subtopic weights for environmen-
tal, social, and governance dimensions, respectively, and STg,, STs;, and STg, represent
subtopic-level sustainability scores for each dimension. Thus, the formulas make it possible
to combine all dimension-specific subtopic information into summary indices E, S, and G.
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In the last step, the final SI is calculated by combining the values of E, S, and G based
on their relative importance to the organisation. The final formula is as follows:

SIl=wg-E4+ws-S+wg-G 9)

Here, wg, wg, and wg represent the weights of the main dimensions: environmental,
social, and governance. This formula allows us to combine all levels of the hierarchy into a
single metric reflecting the overall level of sustainability of the organisation.

As we used 5 as a baseline value during normalisation, sustainability index values can
be interpreted using the following qualitative thresholds: values below 5 are considered
‘poor’; values; between 5.00 and 7.99 are considered ‘satisfactory’; and values between
8.00 and 10.00 are considered ‘good’. The threshold value of 5 was chosen based on the
company’s historical performance and validated through discussions with domain experts.
Furthermore, the 0-10 scale and the use of mid-range reference values are consistent with
practices commonly adopted in the sustainability assessment literature [13,27].

Thus, the proposed methodology provides a rigorous and systematic approach to
calculate the SI. The formulas at each level reflect the relationship between the normalised
indicator values, their weights, and their overall contribution to the final index. This
process allows both quantitative and qualitative data to be taken into account, providing a
reliable tool for analysing and making strategic decisions on sustainable development.

3.5. Software Application Development

The developed software application for assessing the sustainability of organisations is
based on a MySQL database, which is organised in a hierarchical structure that complies
with ESRS standards. This structure includes three main tables: ‘esrs’, ‘sub-topic’, and
‘sub-sub-topic’. These tables allow data to be organised at different levels of the hierarchy
and provide the necessary basis for performing the AHP.

1. ‘esrs’ table: Each row represents a unique ESRS standard and its associated topic.
These tables represent the dimension level of the hierarchical structure, i.e., environ-
ment, society, and governance.

2. ‘sub-topic’ table: Sub-topics are specific areas or components within a particular
ESRS. For example, there are five sub-topics for the environmental dimension (E1-E5),
four for the social (51-54), and one for the governance (G1).

3. ‘sub-sub-topics’ table: This table contains sub-sub-topics, which are the lowest-level
components (indicators) under each sub-topic. Additionally, it can link to the related
Audit Report (AR) and a question for more detailed evaluation or reporting.

The ‘esrs’, “sub-topic’, and ‘sub-sub-topic’ tables are populated with data from external
sources such as an Excel document, which provides detailed information on each ESRS,
its sub-topics, and sub-sub-topics. Further, the system uses the AHP methodology to
make pairwise comparisons between different elements at each hierarchical stage. This
simplifies the evaluation process, improving accuracy and consistency in sustainability
analyses. Normalised data and calculated weights are used to calculate the SI at each
level of the hierarchy, starting with indicators and ending with an overall index for the
entire organisation.

An important part of the application’s functionality is the ability to not only process
the data, but also to visualise the results. The system provides the user with graphical
representations of the calculated weights and indices, which helps to better understand
the relative importance of different indicators and subtopics. This makes the evaluation
process more transparent and intuitive for users.
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In addition, the application supports flexibility in working with different datasets. It
can be easily adapted to work with different reporting standards, making it a versatile
tool for analysing sustainability. The system also allows users to make adjustments to
the data and weights, enabling re-calculations to take into account changed conditions
or requirements.

The final functionality of the application provides organisations with a powerful
tool for systemic sustainability analysis. The application not only reduces labour costs
and eliminates errors associated with manual processes but also enables more informed
decisions based on accurate and structured data.

4. Case Study and Results

This sustainability assessment was carried out on a European polymer flooring com-
pany whose name has been withheld to ensure confidentiality in accordance with the data
access agreement. The organisation is a major player in the industry, specialising in the
development of innovative and sustainable flooring solutions. The focus is on product
sustainability, including the use of recycled materials, improved energy efficiency, and
reduced emissions during production.

Operating within the European Union places strict requirements on the company to
comply with labour laws, environmental regulations and corporate governance standards.
This creates a favourable environment for the integration of ESRS standards, as most of the
provisions related to human rights and labour are already implemented in the company’s
operations. Nevertheless, the sustainability assessment was aimed at identifying additional
opportunities for improvement in the areas of environment, social responsibility, and
corporate governance.

Following the methodological steps in Section 3, and to better understand the pro-
posed approach, a detailed and step-by-step procedure is explained for calculating a
manufacturing organisation’s SI.

4.1. Step 1: Indicator Identification and Classification

As mentioned in the previous sections, the approach followed the ESRS guidelines
for selecting and structuring the KPIs, i.e., three dimensions, ESG and 10 subtopics (E1-ES5,
S1-54, G1). The final inclusion and exclusion of KPIs followed the criteria mentioned in
Section 3.1, i.e., relevance and actionability. For example, the case study organisation does
not use a ‘nature-oriented area’; therefore, it is not included. Also, the indicators related to
radioactive waste have not been used due to their irrelevance in the organisation’s context.
A total of 38 indicators were selected, and a hierarchical structure was developed, as shown
in Table 5. This organisation enabled the next analysis stage, which involved automating
pairwise comparisons and calculating weights to determine an SI. These 38 indicators have
been classified into 9 non-measurable indicators (S1.3, S2.1, S3.2, 54.1, S4.2, 54.3, S4.4, G1.3,
and G1.4) and 29 measurable indicators.
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Table 5. Summary of indicators and measured values.
Dimension Sub-Topic Indicator Measured Value Unit
% of renewable energy use (E1.1) 20 %
Total energy usage (E1.2) 2600 kWh/unit
Climate change (E1) Energy usage efficiency (E1.3) 75 %
Hazardous gas emission (E1.4) 0 kg/unit
Total GHG emissions (E1.5) 3 kg/unit
Total solid waste (E2.1) 2.5 Ib/unit
Pollution (E2) Total liquid waste (E2.2) 55 gallon/unit
Cost of water treatment (E2.3) 50 $/unit
Water consumption (E3.1) 300 gallon/unit
Environment (E) ;
Water and marine resources (E3) Recycling of water (E3.2) 10 %
Water usage efficiency (E3.3) 80 %
Total land used (E4.1) 1200 m?
Biodiversity and ecosystem (E4)
Total sealed area (E4.2) 800 m?
Raw material cost (E5.1) 60 $/unit
Packaging cost (E5.2) 50 $/unit
Processing cost (E5.3) 40  $/unit
Resource use and circular economy (E5) Cost of waste disposal (E5.4) 35 $/unit
Productivity (E5.5) 78 $/unit
Leadtime (E5.6) 12 $/unit
Labor efficiency (E5.7) 9%5 %
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Table 5. Cont.
Dimension Sub-Topic Indicator Measured Value Unit
Exposure to toxic substance (51.1) 2 dimensionless
Exposure to high voltage (51.2) 1 dimensionless
Own workforce (S1) Adequate wages (51.3) - dimensionless
Injury incidents (51.4) 1 number
Equal opportunities for all (52.1) - dimensionless
Workers in value chain (S2) Child labor incidents (52.2) 0 number
Access to remedies (52.3) 9% %
Social (S) Civil right violation (S3.1) 1 dimensionless
Affected communities (S3) Freedom of expression (S3.2) - dimensionless
Social rights violation (S3.3) 2 dimensionless
Access to information (54.1) - dimensionless
Consumers and end-users (54) Privacy provisions (54.2) - dimensionless
Social inclusion (54.3) - dimensionless
Ethical marketing (54.4) - dimensionless
Incidents of corruption (G1.1) 0 number
Governance (G)  Business conduct (G1) Incidents of bribery (G1.2) 0 number
Prevention of corruption and bribery (G1.3) - dimensionless
Secure payment methods (G1.4) - dimensionless
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4.2. Step 2: Data Collection and Normalisation

Data collection was carried out in two phases. For the measurable indicators, for
example, water consumption (E3.1), the values have been taken from the organisational
database. Management has provided the values of the non-measured indicators based on
their judgments. For such indicators, the management directly assessed their performance
on a scale of (0-10) and assigned a value, which was later used in the aggregation of
overall SI; for example, secure payment methods (G1.4) and ethical marketing (54.4). As
the non-measurable indicators do not have quantifiable numbers at this stage, they are
presented by ‘-’ in the “measured value” column of Table 5.

Particular attention was paid to stakeholder engagement. As the company specialises
in the production of polymer flooring, key stakeholders involved in the data collection
process include management representatives, production staff, sustainability experts, raw
material suppliers, and regulatory compliance officers. The management representatives
provided strategic insights and self-assessments for non-measurable indicators, while
the production staff contributed operational data related to resource consumption and
efficiency. Sustainability experts ensured that environmental and social aspects were
accurately reflected in the dataset. Raw material suppliers played a crucial role in providing
data on material sourcing and recyclability, while regulatory compliance officers ensured
that reported figures aligned with industry standards and legal requirements.

All indicator values were normalised on a scale of 0 to 10 to eliminate heterogeneity
in the data. This study used two normalisation techniques: the best-worst case method
and benchmark normalisation. The choice of the best-worst case method is obvious for the
indicators having a value within the specified range. The choice of benchmark normalisation
helps to obtain insights into the contextual sustainability performance of the organisation by
comparing the indicators with the industrial reference values, which can be a good starting
point for sustainability improvements. As mentioned in Section 3.2, these benchmarks can be
derived from industry thresholds and regulatory frameworks. However, for this case study,
the benchmarks have been derived from the organisation’s historical performance data as a
starting point for its sustainability assessment. Comparing current organisational performance
with its historical performance as a benchmark provided contextual relevance and consistency
for the initial application of the sustainability assessment framework.

A value of 5 was used as the base value for normalisation relative to the benchmark.
The normalised value is calculated using the formula:

5 - Actual value

Normalised value = Benchmark oalie (10)

If an indicator has a negative impact on sustainability (e.g., a lower value is better for

sustainability), the normalised value is calculated as follows:
. 5 - Actual value
Normalised value = 10 — Benchmark onlie (11)

The ‘best-worst case’” method is used for indicators whose values fall within a certain
range. For example, the share of renewable energy ranges from 0% to 100%, where 0 is the
worst case, and 10 is the best case. This allows the data to be effectively normalised and
assigned values based on their impact on sustainability.

Normalising the data allows all indicators to be considered on a single scale, which
simplifies further aggregation and calculation of the SI. It must be noted that non-
measurable indicators do not need to be normalised, as the management already assigned
a score between 0 and 10 based on their self-assessment. Table 6 shows the respective
normalised values against all the indicators.
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Table 6. Comprehensive table of sustainability scores at the sub-topic level.
~ . Aggregated Score . Sustainability Score Normalised Value = Weight

Sub-Topic ST = ¥ M; % w; Indicator (M; * w;) M, w;

% of renewable energy use (E1.1) 0.52 2.00 0.2601

Total energy usage (E1.2) 0.82 5.98 0.1377

Climate change (E1) 6.04 Energy usage efficiency (E1.3) 2.56 7.50 0.3416

Hazardous gas emission (E1.4) 1.03 10.00 0.1029

Total GHG emissions (E1.5) 1.10 7.00 0.1577

Total solid waste (E2.1) 3.77 6.88 0.5485

Pollution (E2) 7.45 Total liquid waste (E2.2) 1.95 8.10 0.2409

Cost of water treatment (E2.3) 1.73 8.21 0.2106

Water consumption (E3.1) 1.20 5.71 0.2098

Water and marine resources (E3) 3.67 Recycling of water (E3.2) 0.55 1.00 0.5499

Water usage efficiency (E3.3) 1.92 8.00 0.2402

.. . Total land used (E4.1) 4.00 6.00 0.6667

Biodiversity and ecosystem (E4) 644 Total sealed area (F4.2) 244 7.33 0.3333

Raw material cost (E5.1) 2.40 7.86 0.3051

Packaging cost (E5.2) 1.75 8.21 0.2137

Processing cost (E5.3) 1.07 8.57 0.1244

Resource use and circular economy (E5) 7.90 Cost of waste disposal (E5.4) 0.99 8.75 0.1131

Productivity (E5.5) 0.61 5.57 0.1088

Leadtime (E5.6) 0.34 6.00 0.0570

Labor efficiency (E5.7) 0.74 9.50 0.0779
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Table 6. Cont.
s Aggregated Score . Sustainability Score Normalised Value = Weight

Sub-Topic ST = ¥ M; % w; Indicator (M; * w;) M; w;

Exposure to toxic substance (S1.1) 1.87 6.67 0.2810

Exposure to high voltage (51.2) 1.00 8.33 0.1197

Own workforce (S1) 7.38 Adequate wages (S1.3) 2.55 7.00 0.3645

Injury incidents (S1.4) 1.96 8.33 0.2348

Equal opportunities for all (52.1) 1.18 7.00 0.1692

Workers in value chain (52) 9.27 Child labor incidents (52.2) 3.87 10.00 0.3874

Access to remedies (S2.3) 4.21 9.50 0.4434

Civil right violation (S3.1) 343 7.50 0.4577

Affected communities (S3) 6.98 Freedom of expression (53.2) 291 7.00 0.4160

Social rights violation (S3.3) 0.63 5.00 0.1263

Access to information (S4.1) 2.77 7.00 0.3952

Privacy provisions (54.2) 2.22 8.00 0.2781

Consumers and end-users (54) 7.28 Social inclusion (54.3) 1.14 7.00 0.1634

Ethical marketing (54.4) 1.14 7.00 0.1634

Incidents of corruption (G1.1) 1.44 10.00 0.1443

. Incidents of bribery (G1.2) 4.38 10.00 0.4380

Business conduct (G1) 9:58 Prevention of corruption and bribery (G1.3) 2.61 9.00 0.2904

Secure payment methods (G1.4) 1.15 9.00 0.1274
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4.3. Step 3: Weight Determination Using AHP

Pairwise comparisons were made by experts, including industry professionals and re-
searchers, to assign weights to the elements. In particular, a pool of 39 experts was involved:
11 professors and associate professors, 4 researchers, 8 senior managers, and 16 deputy
managers. The experts were selected from academia and from companies operating in the
manufacturing industry, all with demonstrated expertise in sustainability, ESG integration,
and regulatory compliance. The academic participants represented various disciplines,
including engineering and economics, which allowed us to cover both technical and man-
agerial dimensions of the evaluation process. All of these experts were considered as a
single group, and their judgments were aggregated to reduce individual bias. The reliability
of the AHP coefficients was kept in check by the consistency ratio. This consistency check
is further explained in the same section.

Since several indicators, particularly in the social and governance dimensions, rely
on subjective expert judgment, specific attention was devoted to the verification of such
data. The case company is based in the EU and complies with the ESRS, which mandates
external audits of sustainability disclosures. This regulatory context incentivises companies
to avoid misrepresentation or selective reporting. In fact, it is often the case that companies
adopt a conservative, self-critical approach in their internal assessments out of concern
for reputational or legal consequences during audit. This internal pressure increases the
credibility of the subjective weights used. Nonetheless, future improvements could include
additional triangulation methods such as external ESG audits, stakeholder consultations,
or third-party benchmarking.

The corresponding tables in the application have been populated in the light of
these judgments by the experts, and the application calculates the relative weights at
each level of the hierarchy. The experts were asked to revise their judgments in case of
inconsistent pairwise comparisons. For example, a pairwise comparison with consistency
ratio calculation for the elements under the sub-topic of climate change (E1) is shown in
Table 7.

Table 7. Table of climate change (E1) relationships.

Climate Change (E1) E1.1 E1.2 E1.3 E1.4 E1.5
E1.1 1 2 1/2 3 2
E1.2 1/2 1 1/2 1 1
E1.3 2 2 1 3 2
E1.4 1/3 1 1/3 1 1/2
E1.5 1/2 1 1/2 2 1

Normalising the columns of the matrix and calculating the mean values of the rows
allows the indicator weights to be determined. Table 8 shows the final indicator weights
for the climate change subtopic.

Table 8. Weights of the indicators under the sub-topic of climate change (E1).

Climate Change (E1) E1.1 E1.2 E1.3 El.4 E1.5 Weight
El.1 02308  0.2857  0.1765  0.3000 03077  0.2601
E1.2 0.1154 0.1429 0.1765 0.1000 0.1538 0.1377
E1.3 0.4615 0.2857 0.3529 0.3000 0.3077 0.3416
E1.4 0.0769 0.1429 0.1176 0.1000 0.0769 0.1029
E1.5 0.1154 0.1429 0.1765 0.2000 0.1538 0.1577

Sum 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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The maximum eigenvalue A, and the calculated consistency indices are used to
evaluate the consistency of the pairwise comparison matrix. The maximum eigenvalue
Amax is defined as the value satisfying the following equation:

Aw = Aypcw (12)

where A is the matrix of pairwise comparisons and w is the normalised vector of weights.
For this example:

Amax = 5.098 order of matrix =n =5

Based on Ay, the CI is calculated using the following formula:

N Amax — 1 .
Cl = —_1 - 0.0245 (13)

The final consistency check uses CR, which is defined as the ratio of CI to the RI:
CI  0.0245
CR = L= 11 = 0.022 (14)
Since the value of CR < 0.1, the matrix of pairwise comparisons is considered
consistent. Similarly, all the metrics at the level of the indicator have been subjected
to the pairwise comparison for their respective weights assignment (Table 6).

4.4. Step 4: Sustainability Index Calculation

As part of the research, the Sustainability Index (SI) was calculated for the analysed
company. The calculations were carried out in accordance with the proposed methodology,
starting from the level of indicators and going up to the level of ESG subtopics and
dimensions. At each level, data were aggregated, taking into account normalised indicator
values and their weights.

At the indicator level, subtopic sustainability values (ST;) were calculated using the
weighted sum of the normalised data. The results obtained at the subtopic level are
presented in Table 6.

Next, calculations were performed for ESG dimensions (E, S, G) using subtopic values
and their weights:

3

m m
E = ngi : STEi/' S = ws; - STS,-; G= chi : STG{ (15)
i=1 i=1

i i i

I
—

In the final step, the three dimensions were combined to obtain the overall SI of the
company using the following formula:

Sl=wg-E4+ws-S+wg-G (16)

The totals for each dimension (E, S, G) and the overall S are shown in Table 9. These
results provide a comprehensive view of the organisation’s level of sustainability and
provide a basis for further analysis. A discussion of the results and identification of key
areas for improvement is presented in the next section.
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Table 9. Sustainability index breakdown.

Sustainability Index (SI) Dimension Aggregated Score (E,S,G) Sub-Topic Sub-Topic Score  Sub-Topic Weight
Climate change (E1) 6.04 0.3118
. Pollution (E2) 7.45 0.1779
Environment (E) 6.52 Water and marine resources (E3) 3.67 0.1277
Biodiversity and ecosystem (E4) 6.44 0.1260
813 Resource use and circular economy (E5) 7.90 0.2565
Own workforce (S1) 7.38 0.3403
Social () 773 Workers in value chain (S2) 9.27 0.2431
Affected communities (S3) 6.98 0.2431
Consumers and end-users (54) 7.28 0.1736
Governance (G) 9.58 Business conduct (G1) 9.58 1.0000
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4.5. Results and Analysis

A radar chart (Figure 5) shows the organisational sustainability performance at the
sub-topic and dimension levels. The organisational sustainability performance seems
satisfactory in the dimensions of social (7.73) and governance (9.58). However, the environ-
mental (6.52) performance is close to the baseline value, i.e., five and needs improvements.
At the sub-topic level, the organisation needs immediate improvements for water and
marine resources (E3), as their sustainability score (3.67) is less than the set benchmark. The
organisation may have moderate improvements in the sub-topics of climate change (E1)
and biodiversity and ecosystem (E4), as they are also just slightly above the benchmark
value, i.e., (6.04) and (6.44), respectively. Similarly, the compiled Tables 6 and 9 provide
insights into the areas of improvement even at the level of the indicators. Overall, the
organisational SI of 8.13 suggests the satisfactory performance of the organisation, as it is
above the benchmark value.

Social (7.73)
Governance (9.58) ® SI1(8.13)

Environment (6.52)

E1

10:00
Sl E2

8.00

6:00

G1 . E3

400
.00

s4 7 Ea

s3 ‘ " E5

S2 S1
Figure 5. Sustainability radar chart.

4.6. Local Robustness and Sensitivity Analysis

To verify the robustness of the Sustainability Index (SI = 8.13) against small changes in
the top-level ESG dimension weights, we conducted an analysis in which each weight is
perturbed by +£10% and then renormalised (wg + wg + wg = 1).

The original weights are:

wg = 0.30, wg =029, wg=041, 17)
with dimension scores:
E=652, S§=773, G=29.58, (18)
yielding
SI=030-6.52+0.29-7.73 4+ 0.41-9.58 ~ 8.13. (19)

After varying each weight by +10% and renormalising, we obtain the following SI values
(Table 10). Even a 10% shift in any single dimension weight changes the SI by no more
than +0.07 (less than 1% of its value), confirming the stability of the index against small
weighting uncertainties.



Sustainability 2025, 17, 4772 23 of 27
Table 10. Sensitivity of the overall SI to £10% perturbations in top-level ESG weights.
Weight Perturbed New Weights New SI A SI
wg £10% (0.33, 0.29, 0.38) 8.08/8.18 —0.05 /+0.05
ws £ 10% (0.30, 0.32, 0.38) 8.12/8.15 —0.01/+0.02
wg £ 10% (0.27, 0.26, 0.47) 8.06/8.20 —0.07/+0.07

This analysis confirms the stability of the overall SI against moderate variations in the
top-level dimension weights. A more extensive multi-level sensitivity analysis, exploring
the impact of weight variations at the sub-topic and indicator levels, could be a subject for
further research to investigate the model’s robustness across the entire hierarchy.

4.7. Discussion

This section contextualises our methodological choices and interprets the case study
results to derive managerial insights and implications for future research.

While alternative multi-criteria decision-making methods—such as TOPSIS [39],
Fuzzy-AHP [30], or DEA [40]—could have been applied, the AHP emerged as the most
fitting for three main reasons. First, AHP’s hierarchical decomposition aligns directly with
the multi-level structure of ESRS criteria, preserving granular regulatory details that would
otherwise collapse into a single-layer model as would be necessary with methods like
TOPSIS. Second, AHP’s transparent pairwise comparisons simplify stakeholder under-
standing and software implementation, avoiding the additional calibration complexity
required by Fuzzy-AHP’s linguistic variables. Third, unlike DEA, which excels at relative
efficiency analysis but lacks explicit weighting mechanisms, AHP embeds regulatory prior-
ities quantitatively, ensuring that strategic sustainability goals dictated by ESRS carry the
correct emphasis.

The case study demonstrates the effectiveness of the proposed ESRS-AHP sustainabil-
ity framework, offering clear and structured information on sustainability performance
within the analysed organisation. The aggregated sustainability index of 8.13 indicates
good overall sustainability management; however, a detailed examination of each dimen-
sion reveals areas for critical reflection. Despite achieving a reasonable overall score (6.52),
the environmental dimension exhibited notable weaknesses, especially within the climate
change subtopic (6.04). Here, the relatively low proportion of the utilisation of renewable
energy stands out as an immediate strategic concern. This suggests that, although the or-
ganisation complies with basic regulatory demands, it might not yet strategically prioritise
long-term climate risk management. Managers should interpret this finding as a prompt to
reconsider investment in sustainable energy sources, moving from a compliance-driven
approach to a strategic proactive approach.

In contrast, the dimensions of social (7.73) and governance (9.58) demonstrated con-
siderably higher scores, reflecting a commendable commitment to responsible business
conduct and workforce management. However, the markedly strong performance observed
in these areas requires careful consideration. High scores in governance indicators, such
as the absence of reported incidents of corruption or unethical behaviour, may indeed
represent genuine organisational integrity. However, these results are derived mainly
from self-assessments, potentially subject to inherent managerial biases. Such biases could
unintentionally inflate scores, particularly in sensitive areas such as governance or ethical
practices, due to social desirability or reputational considerations.

Similarly, consistently high social dimension scores, particularly regarding workforce
welfare and value chain management, could reflect genuine organisational strengths rooted
in EU regulatory compliance. However, the subjective nature of qualitative indicators,
assessed directly by organisational stakeholders, raises legitimate concerns about potential
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biases or overly optimistic self-perceptions. Managers and stakeholders should approach
these high scores with balanced caution. Although positive, these results should ideally be
validated through additional objective assessments or third-party audits to ensure reliability
and credibility.

Critically examining these findings, the ESRS-AHP framework demonstrates its ca-
pacity to highlight not only areas requiring immediate intervention but also the need for
careful verification of seemingly excellent results. Its structured weighting method provides
transparency in prioritising strategic areas, aiding managers in allocating resources more
effectively. However, this case study also underscores a crucial managerial lesson: high
self-reported performance in sustainability dimensions should be validated externally to
avoid complacency and ensure continuous improvement.

Given these considerations, it becomes essential to assess whether the framework’s
results remain robust under variations in expert weighting judgments. To test the stability
of our results, we conducted a local sensitivity analysis (Table 10) by varying each top-level
ESRS weight by +10%. The overall SI changed by no more than 0.07 (under 1%, negligible
from a decision-making standpoint), and the ranking of priority areas remained unchanged.
This high degree of robustness demonstrates that our conclusions do not hinge on precise
weight settings, reinforcing confidence in both the diagnostic power and practical reliability
of the ESRS-AHP approach.

Such robustness further supports the applicability and generalisability of our ap-
proach, including the feasibility of adapting the framework beyond the original European
regulatory context. Even though our framework is built on the ESRS, its structure is fully
adaptable to other jurisdictions. Indeed, ESRS itself has been designed in strong inter-
operability with global standards such as the Global Reporting Initiative (GRI) and the
International Sustainability Standards Board (ISSB)’s International Financial Reporting
Standards (IFRS) Sustainability Disclosure Standards (SDS), facilitating one-to-one map-
ping of KPIs and disclosure requirements [26]. To apply the model outside Europe, one
needs to:

1.  Replace ESRS benchmarks with region-specific regulatory thresholds or industry
percentiles (e.g., U.S. Environmental Protection Agency limits, Asian Development
Bank sector benchmarks).

2. Map local reporting standards (e.g., Sustainability Accounting Standards Board
(SASB), Task Force on Climate-related Financial Disclosures (TCFD), national ESG
codes) onto the same hierarchical structure of criteria and sub-topics.

3. Engage local experts for pairwise judgments, preserving AHP rigour while capturing
cultural and market-specific preferences.

This adaptability means the ESRS-AHP framework can be generalised to any company
in the polymer flooring sector (or beyond), whether in North America, Asia, or Latin
America. By documenting the source of each benchmark and expert panel constitution,
different organisations can replicate the assessment and compare SI scores across countries,
thereby supporting truly global sustainability benchmarking.

5. Conclusions

This study has introduced a novel ESRS-AHP sustainability assessment framework,
offering a structured and transparent method for organisations to evaluate their compliance
with emerging mandatory reporting obligations. By harmonising standardised ESRS
indicators with a rigorous multi-criteria decision-making approach, the framework not only
identifies the most pertinent ESG criteria for a specific context but also provides a weighted
integrative score reflecting the overall sustainability performance of the organisation. The
case study revealed specific opportunities for improvement, especially in environmental
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sustainability, demonstrating the practical ability of the framework to identify strategic
weaknesses that traditional compliance-driven methods could overlook.

The key managerial benefit of this structured methodology lies in shifting organ-
isational practice from reactive compliance towards proactive sustainability manage-
ment. Moreover, the framework promotes transparency, supports comparability across
organisations, and ensures strategic alignment of sustainability initiatives with core
business objectives.

Notably, this case study highlighted that high self-reported sustainability scores, partic-
ularly in governance and social dimensions, require external validation to mitigate potential
biases and overly optimistic self-assessments. Managers are advised to interpret high scores
with caution and to support qualitative evaluations with objective third-party audits.

The sensitivity analysis conducted confirms the robustness of the framework, show-
ing that small variations in ESG criteria weights do not significantly impact the overall
sustainability index. This stability further underscores the practicality and reliability of the
ESRS-AHP framework in supporting managerial decision-making. The model’s adaptabil-
ity beyond European jurisdictions, facilitated by its interoperability with global reporting
standards such as GRI and IFRS SDS, positions it as a valuable tool for international
application and global sustainability benchmarking.

The results present a promising approach for practitioners and researchers. Further
refinement could involve cross-verification of expert input and extending the framework
across various industrial sectors and organisational scales. Future studies might also
investigate the efficacy of advanced uncertainty modelling methods, such as fuzzy AHP or
interval-based assessments, to improve the precision of qualitative evaluations. However,
the present work underscores the potential of a robust procedure aligned with ESRS that
meets regulatory imperatives and supports strategic sustainability objectives, thus laying
the basis for continuous improvement and long-term value creation. Therefore, future
research may focus on a more structured and quantifiable way to assess the non-measurable
indicators to determine the exact sustainability of an organisation.
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