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Abstract

Small and medium-sized enterprises (SMEs) are vital to economic growth and sustainability,
yet most existing Environmental, Social, and Governance (ESG) scoring systems focus on
large, publicly listed firms, leaving SMEs largely overlooked. This research introduces a new
ESG scoring methodology specifically designed for SMEs, which addresses the challenges of
limited disclosure, sector-specific materiality, and data quantifiability. Using publicly avail-
able information and expert input, we construct a questionnaire-based ESG index aligned with
the Sustainability Accounting Standards Board (SASB) framework to ensure sector-specific
materiality. The methodology applies advanced optimization techniques to determine indi-
cator weights and uses multiple mapping functions to generate robust, interpretable ESG
scores. The findings contribute to advancing methodologies for ESG scoring in SMEs and
inform policy discussions on enhancing sustainability disclosures tailored to SMEs’ opera-
tional contexts.
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1 Introduction and background

SMEs are pivotal to the European Union (EU) economy, comprising over 99% of all busi-
nesses within the region, with approximately 24 million SMEs operating across various
sectors (World Economic Forum, 2024). These enterprises are fundamental to job creation,
employing over 94 million people and providing two-thirds of private sector employment
(European Economic & Social Committee, 2021). Their contribution to the EU’s gross
domestic product (GDP) is substantial, accounting for more than half of the economic out-
put, which underscores their role in fostering economic growth and innovation (European
Commission, 2024a). Unlike larger corporations, SMEs often remain deeply rooted in their
local communities, enhancing regional stability and social cohesion by providing local jobs
and contributing to the local economy (European Economic & Social Committee, 2021).
This resilience makes them less likely to relocate operations abroad, thus sustaining local
economies even in the face of global economic shifts (European Economic & Social Commit-
tee, 2021). The academic literature further corroborates these points, with studies highlighting
the innovation and growth SMEs drive within high-tech sectors (Coad & Rao, 2008) and
their essential role in the entrepreneurial economy (Audretsch & Thurik, 2001). Given these
contributions, SMEs are rightly considered the backbone of Europe’s economy, crucial for
achieving a sustainable, innovative, and resilient economic future (European Commission,
2020).

The massively increasing demand for company sustainability-related information under-
scores the relevance of disclosing sustainability data and the need for its assessment.
Regulatory policies, benchmarking of company sustainability performance against peers,
and the growth in sustainable, green investing are key trends that drive the disclosure of
sustainability information and the development of multiple scoring approaches, with ESG
scores becoming mainstream. In this regard, the European Commission’s strategy to enhance
corporate sustainability among SMEs centers on the Directive on corporate sustainability due
diligence, adopted on February 23, 2022 (European Commission, 2024b). This Directive aims
to foster sustainable and responsible corporate behavior by mandating companies to identify
and mitigate adverse human rights and environmental impacts across their global opera-
tions and supply chains (European Commission, 2024b).! Simultaneously, the Corporate
Sustainability Reporting Directive (CSRD), effective from January 5, 2023, requires large
public-interest companies to report on sustainability aspects, with plans to extend this man-
date to listed SMEs in the future (European Commission Environment, 2024). To facilitate
compliance, the European Financial Reporting Advisory Group (EFRAG) is developing pro-
portionate reporting standards tailored for both listed SMEs and non-listed SMEs (European
Commission Environment, 2024).> The OECD’s insights further highlight the challenges
SMEs face in securing financing for sustainable transitions (Organization for Economic

1 Although the Directive primarily targets large EU and non-EU companies, it includes provisions to support
SME:s indirectly involved as business partners in value chains. The Directive offers a harmonized legal frame-
work that creates legal certainty and a level playing field across the EU. It helps companies manage risks,
improve resilience, and increase competitiveness. SMEs, despite not being directly covered by the new rules,
benefit from protective measures that facilitate compliance without imposing an undue burden (European
Commission, 2024).

2 The European Financial Reporting Advisory Group (EFRAG) has published two Exposure Drafts on sus-
tainability reporting standards for SMEs under the Corporate Sustainability Reporting Directive (CSRD)
(European Commission Environment, 2024). These drafts aim to provide proportionate reporting standards
for listed SMEs (LSMEs) and voluntary standards for non-listed SMEs (VSMESs) (European Commission
Environment, 2024). The CSRD, effective from January 5, 2023, enhances transparency by mandating sus-
tainability reporting for large public-interest companies and extending this requirement to listed SMEs in
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Co-operation and Development, 2024), which underscores the multifaceted nature of ESG
considerations and the pivotal role SMEs play in advancing broader sustainability goals.

A wide array of broad sustainability assessment scores and indices have been developed
by competing providers such as MSCI KLD, Bloomberg ESG, Sustainalytics, Moody’s ESG,
S&P Global, and Refinitiv. In addition, many indices have been developed with a specific
focus on sustainability, including Sustainability Performance Index, Ecological Footprint,
Composite Sustainable Development Index, Composite Sustainability Performance Index,
and Dow Jones Sustainability Group Indices. The diversity of these indices and scores along
with their varying approaches, objectives, structures, and applications, presents challenges for
investors, managers, institutions, and policymakers when evaluating company sustainability
performance, which sparks fast-growing research in this area.

Previous empirical studies on ESG ratings, indices, and other metrics for assessing sus-
tainability performance (Margolis et al., 2007; Singh et al., 2012; Lu et al., 2014; Berg
etal., 2022;) examine their divergence and different conceptual backgrounds—yvalue-driven,
financial value-driven, and different institutional frameworks (Rowley et al., 2012; Amel-
Zadeh, 2018; Eccles et al., 2020; Sipiczki, 2022). Edmans (2023) noted that “An ESG rating
isn’t fact; it’s opinion”. Although SMEs are pivotal drivers of economic growth and play
an increasingly crucial role in promoting sustainable practices, assessing their sustainability
performance remains challenging due to their varying degrees of voluntary disclosure and
sector-specific operational contexts. Moreover, the lack of a universally accepted definition of
sustainability and its metrics suggests that the field remains underexplored, which highlights
the need for further development of methodologies for assessing sustainability performance
with a comprehensive set of metrics.

A growing body of studies on sustainability and ESG ratings indicates a bias towards
large-size companies (Giese et al., 2019). As suggested by Drempetic et al. (2020), this
bias results from larger companies’ better availability of resources for reporting and more
advanced implementation of sustainable management tools. However, the debate about
whether concepts and frameworks developed for large firms are also applicable to SMEs
remains open. Hammann et al. (2009) highlight the specifics of SMESs, such as their value-
based, socially responsible orientation towards doing business, driven by their entrepreneurial
nature. According to Mezzio et al. (2022), stakeholders have unique engagement opportuni-
ties at SMEs, since they have better access to SME management, allowing them to convey
their own sustainability-linked expectations more effectively than with large companies. Pre-
vious studies have also indicated limitations in sustainability-oriented research on SMEs due
to a lack of proper sustainability disclosure, diversity of performance drivers, unstructured
communication practices, and challenges in sustainability measurement in SMEs (Scagnelli,
et al., 2013; Giacomelli, 2022; Cardoni et al., 2023). Most sustainability-linked studies on
SMEs are qualitative (cases, interviews), with limited quantitative research. A review of
previous studies suggests that the SME context is under-investigated.

Footnote 2 continued

subsequent years (European Commission Environment, 2024). The European Sustainability Reporting Stan-
dards (ESRS) for large companies were adopted in July 2023, covering diverse environmental, social, and
governance aspects (European Commission Environment, 2024). The new drafts published in January 2024
seek to ease SMEs into sustainable economic practices, with significant consideration for the Eco-Management
and Audit Scheme (EMAS), which many SMEs already follow (European Commission Environment, 2024).
These standards incorporate EMAS data and processes to prevent double reporting burdens (European Com-
mission Environment, 2024). Stakeholders, especially EMAS-registered SMEs, are encouraged to provide
feedback to ensure the new standards align well with existing EMAS requirements. Public consultations,
webinars, and field tests are organized to facilitate this feedback process, aiming to refine and implement these
standards effectively by 2026 (European Commission Environment, 2024).
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2 The contribution and the structure of the paper

Current methodologies often fall short in capturing these nuances, which highlights the need
for tailored sustainability assessment frameworks. This paper addresses this gap by proposing
a structured ESG rating and scoring methodology designed specifically for SMEs. Drawing
on the Sustainability Accounting Standards Board (SASB) framework (SASB, 2025a), the
methodology systematically selects, weighs, and aggregates ESG indicators from publicly
available sources. The SASB framework helps to maintain industry standards when disclosing
sustainability information. SASB standards define how organizations manage and communi-
cate sustainability-related disclosure practices within financial reporting frameworks (SASB,
2025a). The presented methodology integrates optimization techniques to refine sustainabil-
ity scores and employs mapping functions (logistic, hyperbolic tangent, and cumulative
distribution function) and diverse scoring methods for comprehensive evaluation.

Focusing on sectors like meat, dairy, and agriculture across Europe, this research identifies
key challenges and insights crucial for developing effective ESG scoring systems designed
for SMEs. Our approach not only advances methodologies for assessing SME sustainabil-
ity but also provides critical insights for policymakers and regulators aiming to enhance
sustainability disclosures within SMEs.

The main contribution of this research is methodological. The paper contributes in three
important ways. Firstly, it addresses the scarcity of relevant data on SMEs’ sustainability
performance by leveraging publicly accessible sources. Secondly, it pioneers sector-specific
sustainability assessments tailored to individual companies. Thirdly, it constructs a data
sample sourced from companies’ websites, media posts, registry sources, and third-party
providers. This methodological approach is tested on SMEs within specific sectors to pinpoint
key aspects and challenges in devising an ESG scoring and rating system customized for
SMEs.

While initially validated within the dairy and meat sectors, and agricultural companies, our
ESG rating methodology is adaptable for application across SMEs in diverse industries. This
adaptability enables us to discern critical aspects and challenges necessary for developing
bespoke ESG scoring and rating systems tailored specifically for SMEs. Our selection of
European companies relies on their voluntary sustainability disclosures, highlighting the
increasing importance of sustainability despite the current limitations of mandatory reporting,
which restricts automated data collection.

The paper is structured as follows. In Sect. 3, a literature review is presented on the diversity
of ESG scores and indices, followed by a discussion of various sustainability assessment
methodologies. In Sect. 4, the paper introduces the research design for assessing sustainability
in SMEs based on the ESG index and ranking, which is applied to a data sample from selected
industry SMEs. Section 5 concludes and provides a summary discussion on the advantages
and limitations of the suggested ESG index and ranking approach.

3 Literature review

Sustainability assessment methodologies and practices are grounded in multiple definitions
of sustainability which have emerged and evolved alongside advances in the sustainability
political agenda. In addition to efforts to mitigate the negative effects of climate change,
political agreements among global players, such as the UN 2030 agenda and the Sustainable
Development Goals (SDGs), as well as the European Green Deal 2019, have underscored
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the need to address complex challenges and risks. These transformations have triggered
regulatory developments towards standardizing the assessment of sustainable business eco-
nomic activities (via the EU taxonomy), as well as increasing transparency and sustainability
reporting through EU Directives on non-financial reporting, and more recently, Corporate
Sustainability Reporting.

These transformations also influence the development in sustainability scores, indices, and
ratings. The commonly accepted ESG scores and ratings are based on the need to focus on
three major dimensions—Environmental, Social, and Governance—when assessing sustain-
ability risks, performance, and impacts. Prominent providers include MSCI KLD, Bloomberg
ESG, Sustainalytics, Moody’s ESG, S&P Global, and Refinitiv. The number of diverse ESG
metrics, scores, indices, ratings, and rankings has grown significantly, reaching over 600
suggested ESG ratings and rankings (Wong et al., 2019). The diversity of these approaches
stems from the complexity of the issues they address, and the varied objectives of the scores
and ratings, leading to different methodologies for their development. MSCI provides firm-
level ratings based on their exposure to ESG risks and opportunities, assessing a company’s
resilience to long-term, industry-material ESG risks. Refinitiv’s rating evaluates company
ESG performance and disclosure of controversial activities, considering industry material-
ity and company size biases, and company size biases. Sustainalytics measures a company’s
exposure to industry-specific and financially material ESG risks and their management. These
indices and ratings are predominantly available for large listed companies (MSCIKLD, 2022)
and typically do not cover SMEs.

ESG indices offer a key advantage by distilling complex, multidimensional sustainability
data into simplified, manageable metrics (Atkinson et al., 1997; Mayer, 2008). These ratings
are derived by rating agencies from company disclosures and public data via sophisticated
methodologies (Drempetic et al., 2020). However, ESG ratings often conflate aspirational
commitments with actual performance, which raises concerns about their reliability and inter-
pretability (Ferrazzi and Tueske(2022)). These concerns are echoed in recent studies that
underscore inconsistencies and a lack of transparency across rating systems. For instance,
Bergetal. (2022) find weak correlations between different ESG scores issued by the agencies,
which indicates limited comparability. Building on this, Benuzzi et al. (2025) show that ESG
performance assessments are highly sensitive to methodological choices, such as indicator
selection, weighting, and aggregation. Del Vitto et al. (2023) employ machine learning tech-
niques to replicate ESG ratings from Refinitiv. They reveal that, although ESG scores can
be approximated with reasonable accuracy, a portion of the variance remains unexplained,
which suggests the presence of opaque, proprietary adjustments. Similarly, Billio et al. (2021)
demonstrate that ESG ratings often diverge significantly across providers, leading to incon-
sistent investment signals and undermining the reliability of ESG-based financial decisions.
Sahin et al. (2023) add to this discussion by pointing out to the instability of ESG scores.
They note that providers like Refinitiv may retroactively alter published scores without dis-
closure, further undermining their transparency and credibility. Collectively, these insights
highlight the need for transparent and standardized scoring frameworks. This is an objective
our methodology directly aims to addresses through its use of expert-informed optimization
and clearly defined scoring functions.

ESG assessments typically rely on data from company reports on sustainability policies,
surveys, and public sources. Berg et al. (2022) demonstrate that discrepancies in ESG scores
arise from differences in information sources, metrics, different measurement techniques,
and weighting schemes. A more recent review on ESG rating (Agosto & Tanda, 2025) con-
firm inconsistencies between multiple methodologies, when employing diverse sustainability
data aggregation techniques. ESG scores are skewed towards large firms due to their greater
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disclosure capacity of sustainability related information (Giese et al., 2019). Drempetic et al.
(2020) argue that this size bias reflects better availability of resources and more advanced
sustainability practices in larger firms. As most ESG frameworks are designed for large
firms, their applicability to SMEs remains limited. Research on ESG scoring of SME:s is also
lagging. Cantele et al. (2018) argue that existing studies focus heavily on US-based large
firms and classical ratings (e.g., MSCI KLD), rather than assessing sustainability practices.
Cardoni and Kiseleva (2025) further highlight this gap by examining the ESG communi-
cation strategies of SMEs. To capture SMEs transition to sustainability, Mure et al. (2024)
suggest focusing on self-reported questionnaire, which is tested in context specific banking
sector. Though such an approach has advantages as it allows to consider industry-specific
sustainability policies, its background on self-reported data raises major critique. While
environmental factors may be quantified and tested, social and governance factors are more
qualitative, which makes their assessment more subjective. In their study of European SMEs
Ortiz-Martinez et al. (2022) provide arguments that there is a strong influence of country
and sector when reporting and verification of non-financial information based on the Global
Reporting Initiative. Yang et al (2025) investigate material ESG issues following SASB ESG
score methodology. Their findings suggest that ESG communication in SMEs is fragmented
and shaped more by internal capabilities, availability of financial resources than by strategic
integration. This reinforces the need for structured and externally validated ESG assessment
frameworks.

To bridge this gap, scholars have begun developing alternative methodologies tailored
for SMEs. For instance, Ozkan et al. (2023) propose a neural network-based model that
estimates environmental (E) scores for SMEs using satellite data from the Copernicus pro-
gramme. Their approach bypasses the need for firm-level disclosure by training a model
on large companies’ environmental ratings and applying it to SMEs. However, it is lim-
ited to environmental performance. Liang et al. (2023) construct a sector-specific credit
rating model for sustainable agricultural supply chain finance, integrating heterogeneous
evaluation information and managing misclassification risk through a three-way decision
framework.> D’ Amato et al. (2022) further demonstrate that ESG scores can be predicted
using Random Forest algorithms trained on structural financial data, such as balance sheet
and income statement variables. Other approaches include Moody’s ESG score predictor,
which combines firm-level characteristics (e.g., size, location, industry) with country-level
data to generate ESG scores (Moody’s, 2021), though it lacks detailed sustainability inputs.
Barro et al. (2025) propose a multicriteria decision analysis (MCDA) framework to evaluate
the ESG performance of European-listed SMEs. Their approach identifies sector-specific
leaders and laggards by applying predefined weights to ESG indicators based on expert judg-
ment and stakeholder relevance. In contrast, our methodology is based on a more flexible,
data-driven optimization framework that determines indicator weights by minimizing the
deviation between expert rankings and predicted scores, particularly suited to SMEs with
heterogeneous disclosure practices. Moreover, differently from MCDA-based methods, our
model incorporates multiple mapping functions (logistic, hyperbolic tangent, and cumula-
tive distribution), which cater to different scoring scenarios, especially in sectors with limited
standardised reporting. In another recent study, Momtaz and Parra (2025) find that both inter-
nal ESG signals (e.g., voluntary disclosures) and external certifications positively influence
SME financial performance, though they act as informational substitutes. While Momtaz and
Parra (2025) focus on the financial outcomes of ESG disclosure, our work complements this

3 Although focused on creditworthiness rather than ESG scoring, Liang et al. (2023) highlight the importance
of combining sustainability indicators with risk-sensitive classification. This is particularly relevant for SMEs
in environmentally dependent sectors.
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by addressing the methodological challenge of ESG scoring itself, particularly for SMEs with
limited or inconsistent disclosure. Along similar lines, Zanin (2022) demonstrates that ESG
scores in general positively influence corporate credit ratings. Using a multivariate ordinal
logit regression model, the study confirms the predictive value of ESG indicators in financial
risk assessment. This underscores the need for robust, transparent, and statistically grounded
ESG scoring methodologies such as the one proposed in this paper.

These examples of sustainability/ESG scoring methodologies indicate that major chal-
lenges remain. Since SMEs are largely exempt from compulsory sustainability reporting
under the CSRD, the scope of sustainability-related information provided is and will remain
limited. This is influenced by the needs of companies for green investment financing and
voluntary information disclosures reflecting their strategic aspirations and values. Survey-
based methodologies, if implemented, have high administration costs. Self-reported data are
broadly considered to have significant drawbacks related to reliability, potentially leading to
greenwashing. Score predictor-type methodologies may produce biased results, significantly
deviating from actual company practices. The importance of SMEs for economies and their
role in promoting sustainability policies, combined with the existing gap in providing solu-
tions to SMEs, highlights the need for a firm-level sustainability index and ranking for SMEs.
This should address methodological challenges and existing information limitations.

4 Research design

Our research design is depicted in Fig. 1, which illustrates three primary stages: data collec-
tion, methodology development, and methodology application. This section is organized as
follows: Sect. 4.1 details our data collection strategy, Sect. 4.2 outlines the steps involved in
developing the ESG rating and scoring methodology, and Sect. 4.3 evaluates the methodol-
ogy’s application on SMEs from the European Union.

4.1 Data collection

We used a structured assessment framework — referred to as a ‘questionnaire’ — to collect data
on selected ESG components from publicly available online sources. These sources included
company websites, sustainability reports, and third-party web pages. The framework was
thoroughly tested to ensure that the necessary information was accessible and could be quan-
tified. The collected data were subsequently converted into a binary format. Specifically, each
question pertaining to a specific indicator was analysed and evaluated as either YES (coded
as 1) or NO (coded as 0). The final ESG index, specifically designed for SMEs, consists of 15
indicators for meat and dairy industry and 16 indicators for agricultural firms. These include
five environmental indicators: greenhouse gas emissions, energy, water, waste management,
and sustainable practices; six social indicators (seven social indicators for agricultural com-
panies): (food safety), working conditions, qualifications, ecological environment, corporate
social responsibility, employee development, and equality and anti-discrimination; and four
governance indicators: business ethics breaches, sustainability reporting, green supply chain,
and gender diversity. The questionnaires for both meat and dairy and agriculture are depicted
in Table 1, Panels A and B, respectively. This table provides detailed information on the
indicators and their coding.

The proposed ESG sustainability index and ranking methodology were tested on a set
of companies. 20 SMEs from the meat and dairy industry across European countries were
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Fig. 1 Research design flow chart diagram. Figure 1 summarizes the research methodology, which is structured
in three main stages: data collection, methodology development, and application. This flowchart helps readers
understand the structure and logic of the ESG scoring framework. It illustrates how raw data from public
sources is transformed into sustainability scores through expert input, optimization, and mapping functions

selected based on their voluntary disclosure of sustainability information in public sources.
The decision to focus initially on the meat and dairy industry was motivated by its high
environmental and social impact, as well as its regulatory complexity. This sector is among
the most scrutinized in terms of sustainability due to its significant greenhouse gas emissions,
water and energy usage, and animal welfare concerns. Moreover, it benefits from substantial
support packages and regulatory oversight within the European Union, which makes it a rel-
evant and policy-sensitive context for ESG evaluation. The ESG indicators selected for this
study were aligned with the SASB framework to ensure sector-specific materiality (SASB,
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Table 1 Description of the questionnaire of ESG indicators

Indicator Description

A. Meat and dairy industry

1 Greenhouse Gases:
a) Are greenhouse gases monitored?
b) Nitrious Oxide
¢) Sulfur Dioxide
d) CO2
e) L-R or S-R strategy/analysis to reduce scope 1 emissions

2 Energy Management:
a) Total energy consumed
b) Percentage or amount of renewable energy
¢) Is it aimed to minimize energy consumption through certain operations?
d) Are there quantifiable targets for the reduction of energy usage?
e) Are efficient strategies applied in advancing energy management?
f) Are energy consumption trends routinely monitored?

3 Water Management:
a) Total water withdrawn
b) Description of water management risks or discussion/applications of strategies to
reduce those risks
c) Are efficient strategies applied in enhancing water conservation?

4 Waste Management:
a) Is the quantity of waste ensured to be minimized from its operations?
b) Is waste monitored and recorded?

5 Sustainable practices:
a) Has environmental policy or vision
b) Has sustainable investments
c) Uses sustainable finance options (grants) for sustainability projects
d) Has sustainable packaging solutions

6 Working Environment:
a) Were there no safety incidents?
b) Is there safety policy in the website/report regarding working environment?
¢) Is there safety programs/initiatives to reduce safety incidents or increase secure
working environment?
7 Qualifications:
Are products qualified? Information provided on the website or in the report
8 Ecological Environment:
a) Are products free from antibiotics or ensures natural ingredients?
b) Is supply chain ecological (website, report)
¢) Is the environmentally and/or animal friendly farming is assured?

9 Corporate Social Responsibility:
Are there any corporate social responsibility activities supporting local communities?

10 Employee Development:
Are there investments in employee training?

11 Equality and Anti-discrimination:
Equality and/or anti-discrimination policy published on the website or in
sustainability report

@ Springer



Annals of Operations Research

Table 1 (continued)

Indicator

Description

12

B. Agriculture
1

Were there no business ethics breaches?
a) Taxes b) Court cases ¢c) Complaints of employees d) Environmental offenses e)
Product/services complaints f) Unethical trading

Sustainability reporting

a) Does the company have a sustainability section on the website?

b) Strategic sustainability aim mentioned in the company’s website

¢) Does the company track measurement indicators with respect to sustainability?
d) Does the company have a sustainability report?

Green supply chain Is there sustainable supply chain information on the website or in
the sustainability report?

Gender Diversity

a) Is there information about gender diversity in management or overall published on
the company’s website or in the report?

b) Is there a policy on gender diversity on the company’s website or in the report?

Greenhouse Gases:

a) Are greenhouse gases monitored?

b) Nitrious Oxide

c¢) Sulfur Dioxide

d) CO2

e) L-R or S-R strategy/analysis to reduce scope 1 emissions

f) Does the company provide information on fleet fuel used per year or at least some
trace about the fleet usage

2) fleet fuel used percentage by renewable fuel

Energy Management:

a) Does the company provide operational energy consumed

b) Does the company provide percentage grid electricity

¢) Percentage renewable provided information

e) Does the company at least has some policy or strategy for the use of energy?

Water Management:

a) Total water withdrawn

b) Total water consumed

¢) Description of water management risks or discussion/applications of strategies to
reduce those risks

d) Number of incidents of non-compliance with respect to water quality permits etc

Waste Management:

a) Is the quantity of waste ensured to be minimized from its operations or the damage
done recreated?

b) Is waste monitored and recorded?

Sustainable practices:

a) Has environmental policy or vision

b) Has sustainable investments

¢) Uses sustainable finance options (grants) for sustainability projects
d) Has sustainable packaging solutions?
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Table 1 (continued)

Indicator Description

6 Food Safety:
a) Has environmental policy or vision
b) Has sustainable investments
¢) Uses sustainable finance options (grants) for sustainability projects
d) Has sustainable packaging solutions?

7 Working Environment:
a) Were there no safety incidents?
b) Is there safety policy in the website/report regarding working environment?
c) Is there safety programs/initiatives to reduce safety incidents or increase secure
working environment?

8 Qualifications:
Are products qualified? Information provided on the website or in the report

9 Ecological Environment: a) Are products free from antibiotics or ensures natural
ingredients? b) Is supply chain ecological (website, report or Social Media) c) Is the
environmentally and/or animal/plants friendly farming is assured?

10 Corporate Social Responsibility: Are there any corporate social responsibility
activities supporting local communities?

11 Employee Development:
Are there investments in employee training?

12 Equality and Anti-discrimination:
Equality and/or anti-discrimination policy published on the website or in
sustainability report

13 Were there no business ethics breaches?
a) Taxes b) Court cases ¢) Complaints of employees d) Environmental offenses e)
Product/services complaints f) Unethical trading

14 Sustainability reporting
a) Does the company have a sustainability section on the website?
b) Strategic sustainability aim mentioned in the company’s website
¢) Does the company track measurement indicators with respect to sustainability?
d) Does the company have a sustainability report?
15 Green supply chain Is there sustainable supply chain information on the website/
social media or in the sustainability report?

16 Gender Diversity
a) Is there information about gender diversity in management or overall published on
the company’s website or in the report?
b) Is there a policy on gender diversity on the company’s website or in the report?

This panel A presents the Environmental, Social, and Governance (ESG) indicators used to evaluate the sus-
tainability performance of SMEs in the meat and dairy industry. The framework includes five environmental
indicators: greenhouse gas emissions, energy use, water management, waste management, and sustainable
practices; six social indicators: working conditions, product qualifications, ecological considerations, corpo-
rate social responsibility, employee development, and equality and anti-discrimination; and four governance
indicators: business ethics, sustainability reporting, green supply chain practices, and gender diversity. All
responses are coded as binary variables (Yes=1, No=0), which ensures consistency and comparability across
firms. The questionnaire is aligned with the SASB materiality framework

This panel B presents the Environmental, Social, and Governance (ESG) indicators used to evaluate the sus-
tainability performance of SMEs in the agricultural industry. The framework includes five environmental
indicators: greenhouse gas emissions, energy use, water management, waste management, and sustainable
practices; seven social indicators: food safety, working conditions, product qualifications, ecological consid-
erations, corporate social responsibility, employee development, and equality and anti-discrimination; and
four governance indicators: business ethics, sustainability reporting, green supply chain practices, and gen-
der diversity. All responses are coded as binary variables (Yes=1, No=0), which ensures consistency and
comparability across firms. The questionnaire is aligned with the SASB materiality framework
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2025b). A similar approach was used for the selection of 18 agricultural firms. To determine
the weight coefficients for the indicators, we evaluated the initially collected data with input
from four sustainability experts. The experts came from diverse departments, including con-
sulting (1 expert), financial services (2 experts), and manufacturing (1 expert). While their
formal roles were account manager, sales manager, CEO, and compliance officer, they were
actively involved in designing sustainability strategies, developing policies, and overseeing
sustainability practices. For the agricultural sample, we consulted a panel of five experts with
diverse professional backgrounds and direct involvement in sustainability-related roles. The
panel included an account manager, a senior pricing associate, a technical sales manager in
agricultural technologies, a sustainability and human resources director at a dairy company,
and a sustainability manager at an investment firm. All experts were selected based on their
sector-specific knowledge, practical experience with ESG implementation, and familiarity
with sustainability disclosures in the agricultural domain. This selection of experts helped
conduct a balanced and well-informed evaluation process. The experts scored each firm
on each criterion. Specifically, they evaluated the companies on a scale of 1 to 5, with 1
indicating the lowest and 5 the highest level of sustainability performance. Based on these
expert evaluations, companies were ranked accordingly, with rank 1 representing the highest
sustainability score, and rank 20 (or 18 for the agricultural group) the lowest. These expert
evaluations were subsequently used to generate benchmark rankings, which served as the
foundation for determining the optimal weights of ESG indicators through the optimization
process described in Sect. 4.2.

Panel A of Table 2 provides a sample of 20 anonymised SMEs selected by industry and
ranked by experts based on collected information on 15 selected environmental, social, and
governance indicators. These 20 companies span across 13 countries. The company with
the smallest revenue is in Greece, generating approximately EUR 3.08 million per annum,
while the largest, based in Lithuania, reports EUR 31.5 million. In terms of the workforce
size, the smallest company is in Norway, employing between 11 and 20 people, whereas the
largest also in Lithuania, has 216 employees. Finally, the highest-ranked company by experts
is in Norway, while the lowest-ranked is in Greece. Panel B of Table 2 provides an overview
of 18 agricultural SMEs from 9 European countries, each evaluated for their sustainability
performance. These firms vary significantly in size and scale, with employee counts ranging
from as few as 4 to as many as 190. The smallest company by revenue is based in France,
reporting just EUR 74,700 annually, while the largest, located in Belgium, reports EUR 23.99
million.

Based on the companies’ indicators and rankings (see Table 3), we observe a clear non-
linear relationship between the ESG questionnaire scores and the rankings. For example, a
company with a higher score may have a lower rank, which indicates that linear regression
is not appropriate for determining weights due to the absence of linear dependence.

4.2 Methodology development

This section outlines the approach used to develop an Environmental, Social, and Governance
(ESG) scoring methodology tailored to SMEs, which addresses key challenges such as data
availability and model construction. It details the steps taken to create the ESG index and
ranking. Overall, this section offers valuable insights for designing a tailored ESG index and
ranking methodology for SMEs, while overcoming specific challenges.

The main procedures for building a sustainability index and subsequently ranking include
choosing appropriate sustainability indicators, weighing the selected indicators, aggregating
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Table 2 Experts ranking of SMEs

Company no Country Industry Company Number of Expert rank
revenue employees

A. Meat and dairy industry

1 Lithuania Meat 315M 159 4
EUR

2 Lithuania Meat 12 M EUR 216 14

3 Denmark Meat 1121 M 34 11
EUR

4 Denmark Meat 4.6 M 32 8
EUR

5 Sweden Meat 13.98 M 21-50 18
EUR

6 Norway Meat <47M 74 6
EUR

7 Norway Meat 9 M EUR 31 1

8 Norway Meat 591 M 11to0 20 9
EUR

9 Norway Meat <47M 30 10
EUR

10 Norway Meat 16.88 M 200 15
EUR

11 Greece Dairy 3.08 M 25 17
EUR

12 Greece Dairy 6.2 M EUR 25 20

13 Portugal Dairy 4.67M 25 16
EUR

14 France Dairy 4.67TM 25 19
EUR

15 United Kingdom Dairy 17.29M 87 7
EUR

16 Austria Dairy 13.27M 54 5
EUR

17 Slovakia Dairy 7.57TM 31 12
EUR

18 Cyprus Dairy 12.15M 200 13
EUR

19 Spain Dairy 28.78 M 134 2
EUR

20 Germany Dairy <5MEUR <25 3

B. Agriculture

1 France Agro 747KEUR 4

2 Italy Agro 5SMEUR 5-9

3 Denmark Agro 5 M EUR 5-9
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Table 2 (continued)

Company no Country Industry Company Number of Expert rank
revenue employees
4 Netherlands Agro 5 M EUR 60 4
5 Germany Agro 6.1 M EUR 19
6 Lithuania Agro 1 M EUR 21 10
7 Italy Agro 11 M EUR 49 15
8 Belgium Agro <5MEUR 49
9 Belgium Agro 23.99 M 9
EUR
10 Italy Agro 2 M EUR 9 8
11 Lithuania Agro 1.6 M EUR 9 13
12 Lithuania Agro 2.2 M EUR 56 11
13 Lithuania Agro 0.6 M EUR 53 6
14 Latvia Agro 13.14M 190 2
UsD
15 Estonia Agro 14 M USD 57 14
16 Estonia Agro 9.4 M USD 13 17
17 Estonia Agro 7.53 M 5 16
USD
18 Latvia Agro 1031 M 48 12
USD

Panel A describes the meat and dairy sample and presents the expert-assigned sustainability rankings for
SMEs based on their ESG disclosures. It covers 20 SMEs in the meat and dairy industry. Each company
is anonymized and listed with its country, revenue, number of employees, and expert rank (where 1 is the
highest sustainability performance and 20 is the lowest). These rankings were derived from expert evaluations
using the questionnaire of ESG indicators defined in Table 1. This table provides a benchmark against which
the model’s predicted rankings are later compared. This table was sourced from https://www.europages.com;
https://www.zoominfo.com; https://www.rekvizitai.lt

Panel B describes the agricultural sample and presents the expert-assigned sustainability rankings for SMEs
based on their ESG disclosures. It covers 18 SMEs in the agricultural industry. Each company is anonymized
and listed with its country, revenue, number of employees, and expert rank (where 1 is the highest sustainability
performance and 18 is the lowest). These rankings were derived from expert evaluations using the questionnaire
of ESG indicators defined in Table 1. This table provides a benchmark against which the model’s predicted
rankings are later compared. This table was sourced from https://www.europages.com; https://www.zoominfo.
com; https://www.rekvizitai.lt

those indicators into a composite index (Meadows, 1998), and finally, giving scores and ranks
for the companies. Sustainability-related information selection for the choice of appropriate
indicators was based on the following conceptual framework:

1. Disclosure. SMEs in general are not subject to compulsory sustainability information
disclosure. Companies engaged in sustainability-related activities disclose the informa-
tion on a voluntary basis. As a result, the availability of standardized ESG data is limited.
To overcome this, we rely on voluntarily disclosed information that is publicly accessi-
ble through company websites, sustainability reports, media coverage, registry sources,
and third-party providers. This approach ensures the ESG indicators used in the scoring
model are grounded in real-world, observable practices.

@ Springer
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2. Materiality. Sustainability challenges can vary significantly across industries. For exam-
ple, water usage may be critical in agriculture but less so in software development. We
adopt a sector-specific approach, in which indicator selection is aligned with the SASB
framework. This emphasizes industry-specific materiality. An advantage of this approach
is that the ESG dimensions assessed reflect the actual sustainability risks and opportunities
faced by SMEs in sectors such as meat, dairy, and agriculture. The materiality principle
thus ensures that the scoring system captures relevant sustainability performance metrics
in each context.

3. Quantifiability. For the ESG scoring model to be robust and comparable across firms,
indicators must be measurable consistently and objectively. In other words, sustainability
measurement should be quantifiable to provide for comparisons of metrics and evaluations
of the environmental, social, and governance dimensions. To this end, all indicators were
initially operationalized as binary variables (Yes = 1, No = 0), based on the presence
or absence of specific sustainability practices or disclosures. This principle supports the
use of optimization algorithms and mapping functions in later stages of the methodology,
where the sustainability indices are developed.

Since sustainability indicator integration is a highly subjective procedure (Morse et al.,
2001), in this paper these indicators are framed according to the ESG components. ESG index
(score) structure was suggested with the focus of aligning to the SASB framework. Based on
it a set of criteria to assess specific sustainability practices was developed on each of the three
components — environmental, social, and governance — to align with SASB standards. Firstly,
the environmental part covers energy management, water conservation, waste management,
intention toward green initiatives, green technology adaptation, and sustainable green prac-
tices (Yacob, 2019). Secondly, the social part covers the health & safety of employees, aid for
employee further education activities, fair remuneration of employees, and fair & respectful
treatment of employees, regardless of gender or ethnic background (Lindgreen et al., 2009).
Thirdly, the governance part covers corruption, lobbying, executive remuneration, and tax
disclosure. Environmental and social parts are basically about stakeholders, whereas the
governmental part ensures managers act on the shareholder’s side (Edmans, 2023).

With the indicators defined, the next critical step involves determining their relative impor-
tance and aggregating them into a composite ESG index. Several methods for this process
have been proposed in previous research. One common approach is equal weighting, which
assumes that all indicators carry the same level of importance (Nardo et al., 2005). Alterna-
tively, Van Haaster et al. (2017) introduced the public opinion method, where stakeholder
preferences assign higher weights to indicators of greater concern. More advanced techniques,
such as regression analysis, assess the relationships between variables using statistical meth-
ods (Kleinbaum et al., 2013). While regression analysis is effective across a broad range of
indicators, it is limited by multicollinearity — an issue often encountered in sustainability
assessments (Nardo et al., 2005).

Aggregation methods are essential for combining indicator scores into a composite index,
but they come with limitations, particularly in sustainability assessments where multi-
collinearity is common. One dominant method is additive aggregation, such as a weighted
arithmetic mean. This method sums the contributions of all indicators to produce a total score,
implying that no synergies or conflicts exist among the indicators (Nardo et al., 2005). A less
common approach is the weighted geometric mean (Gan et al., 2017), which, unlike additive
methods, only allows partial compensation between indicators, due to the inequality prop-
erty inherent to the geometric mean (Beliakov et al., 2007). Non-compensatory aggregation
methods (Gan et al., 2017) offer an alternative when substitution between sub-components of
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sustainability is not acceptable. These methods are particularly valuable in scenarios where
compensation is inappropriate, as they prioritize the properties of aggregation functions
(Pollesch, 2015) and multi-criteria decision-making frameworks (Martel, 1998).

To determine the relative importance of each ESG indicator, we incorporated expert input
into the optimization framework. Experts were asked to evaluate each SME based on the
full set of ESG indicators, assigning scores that were then used to generate a benchmark
ranking. These rankings served as the target vector in our constrained nonlinear optimization
model, which determined the indicator weights to minimize the deviation between expert
rankings and model-predicted scores. As discussed in Sect. 4.1, the expert panel consisted of
professionals with direct experience in sustainability strategy and implementation, selected
from consulting, financial services, and manufacturing sectors. For the agricultural sample,
a separate group of domain-specific experts was consulted. This diversity was intended to
capture a broad range of perspectives and reduce individual bias. Our approach strikes a
balance between compensatory and non-compensatory techniques by incorporating expert
opinions, expressed as varying indicator weights. Indicators with higher weights are deemed
more important, allowing for some indicators to offset others, while others may not hold
enough influence to compensate for weaker indicators. Our research design employs mapping
functions to derive company sustainability scores expressed as percentages. We selected three
distinct sigmoidal functions for this purpose: the multiple logistic function (MLF), the shifted
hyperbolic tangent function (HTF), and the normal cumulative distribution function (CDF).
The MLF is characterized by its smooth S-shaped curve. It offers balanced scaling across
the full range of scores, with the lowest gradient at the midpoint and steeper slopes at the
extremes. This makes it effective for distinguishing between SMEs with very high or very
low sustainability performance. However, it offers less differentiation among those clustered
around the average. Moreover, the MLF minimizes distortion at the tails; hence, it is deemed a
robust choice for datasets with outliers. In contrast, the HTF exhibits the highest gradient at the
at the midpoint, where it is highly sensitive to small differences in average-performing SMEs.
This allows for finer differentiation among SMEs in the middle of the distribution. Thus, the
HTF becomes effective when most firks fall within a moderate performace range. However,
its effectiveness diminishes at the extremes. Finally, the CDF is particularly suited for datasets
with relatively more dispersed scores. Its gradient characteristics make it particularly effective
in differentiating among SMEs across the broader range of the score distribution, especially
at the extremes.

Following the mapping of indicators, the next step involves aggregating them into a com-
posite ESG index. To determine the relative importance of each indicator, we conducted a
constrained nonlinear optimization using the Sequential Quadratic Programming (SQP) algo-
rithm (please refer to Appendix A for more detailed explanations). Specifically, we applied
the SQP algorithm to minimize that objective function, which is defined as a mean square
error penalty function. This function calculates the sum of squared differences between the
model-predicted rankings, O, and the expert rankings, R, for company i and criterion j as
follows:

2

fw)=>_1> 0w, -k (1)

i=1\j=1

The weights W;, j = 1, 2, ..., m are constrained to be positive for all j. The optimal
weights W; are obtained by minimizing the objective function f(W;).
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4.3 Methodology application

The optimization problem is set up using an initial guess for the weights, which are assumed
randomly distributed. The optimal weights are found separately using the fmincon algorithm
for E, S and G. Table 4 shows the optimal weights.

In Panel A (meat and dairy SMEs) and Panel B (agricultural SMEs) of Table 4, rank
1 corresponds to the highest-performing firm, while rank 20 (or rank 18 for agriculture)
indicates the lowest. For computational consistency with the optimization algorithm, these
ranks are inverted. For instance, for the meat and dairy industry (agriculture), the inversion
is calculated as 21 — rank(k) (19 — rank(k) for agriculture) where rank(k) is the original
assigned rank of the k-th SME. Consequently, an inverted rank of 20 (18) corresponds to the
best-performing SME in the meat and dairy industry (agriculture), and an inverted rank of 1
to the lowest.

According to expert evaluations, certain indicators are deemed more influential than
others, with environmental and governance indicators highlighted as more critical than social
ones in this study. For the meat and dairy industry, using the optimal weights assigned to
each of the 15 indicators and the corresponding company scores, predicted rankings can be
computed for each company across the Environmental (E), Social (S), and Governance (G)
categories. For instance, for the first company, the environmental score (E) is calculated as:
ﬁE,l = fE,1(X) =5.0351X; +10.9785X2 + 0.001X3 + 0.001 X4 + 5.7566 X5 = 15.2759.
The same computation procedure is applied to the agricultural firm sample in Panel B.
Each company’s expert rankings and predicted rankings f(X) are provided in Table 5,
accompanied by detailed explanatory notes to support interpretation.

The Root Mean Square Error (RMSE) was calculated separately for the Environ-
mental (E), Social (S), and Governance (G) dimensions for both the meat and dairy
industry and agricultural companies. For the meat and dairy industry, RMSE val-

. ) ZN:](R:'*EZ >y
ues are as follows: RMSE(Rg) = ==5—— =2.3458, RMSE(Rs) = 3.2979,

and RMSE(Rg) =2.87. For the agricultural industry, RMSE values are:

RMSE(RE) = 2.4517, RMSE(Rs) = 2.4991, and RMSE(Rg) = 1.4214. These results

indicate that, depending on the industry and ESG dimension, the model-predicted rankings
deviate from expert assessments by an average of approximately 1.42 to 3.30 positions. This
relatively narrow range suggests a strong level of agreement.

Further, the minimum and maximum predicted ranks were identified for the Environmental
dimension (Social and Governance dimensions), detailed in the explanatory notes to Table 5
(Panels A and B). These values were used to construct a linear scaling function, denoted as
F(X), which is defined in Eq. 2:

. Ri — R 1
F(R) =2~ )6 @)
Rmax - Rmin 2

The intuition behind the linear scaling function is to transform raw predicted rankings
into a standardized range that facilitates comparison and further mathematical process-
ing. This transformation rescales the predicted rankings to a standardized range between

-3 and + 3. Specifically, the function yields F(ﬁmax) = (M — %) e 6 =3 and

Rinax—Rmin

F(I/émin) = (MM - %) e 6 = —3. The scaled values F(I?,) for each company, across

Rinax—Rmin
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Table 4 The optimal weights on ESG indicators for E, S and G

ESG indicator No ESG indicator weight, W;

A. Meat and dairy industry

1 (E) 5.0351
2(E) 10.9785
3(B) 0.0010
4 (E) 0.0010
5(E) 5.7566
6(S) 8.1821
7(S) 2.1174
8(S) 9.3473
9(S) 0.1800
10(S) 0.9365
11(S) 0.0010
12 (G) 0.0010
13 (G) 10.2717
14 (G) 4.7947
15 (G) 3.8398
B. Agriculture

1 (E) 10.8696
2(B) 3.6092
3(B) 0.0010
4 (E) 5.8745
5(E) 8.5096
6 (S) 4.6540
7(S) 5.1560
8(S) 1.8658
9(S) 1.0817
10(S) 1.0787
11(S) 1.7691
12(S) 0.0010
13 (G) 3.5569
14 (G) 13.5624
15 (G) 0.0010
16 (G) 3.6609

Panel A presents the weights assigned to each ESG indicator for the meat and dairy sample, determined through a constrained
nonlinear optimization algorithm (fmincon in MATLAB). The optimal weights for the five environmental indicators, six social
indicators, and four governance indicators are determined separately. The algorithm calculates the weights based on the expert
assessments of the companies, assigning higher or lower values to reflect their relative importance as expressed in the rankings.
These weights reflect the relative importance of each indicator in predicting sustainability performance, as judged by experts

Panel B presents the weights assigned to each ESG indicator for the agricultural sample, determined through a constrained
nonlinear optimization algorithm (fmincon in MATLAB). The optimal weights for the five environmental indicators, seven social
indicators, and four governance indicators are determined separately. The algorithm calculates the weights based on the expert
assessments of the companies, assigning higher or lower values to reflect their relative importance as expressed in the rankings.
These weights reflect the relative importance of each indicator in predicting sustainability performance, as judged by experts
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Table 5 Expert ranks and predicted ranks for SMEs

Company no Predicted rank by Predicted rank by Predicted rank by Expert rank, R;
ERgi = fei(X) S.Rs.i = fs.i(X) G.Rg.i = f6.i(X)

A. Meat and dairy industry

1 5.7241 6.8079 8.5007 4
2 11.1928 8.9500 11.0688 14
3 9.3257 12.1600 11.0684 11
4 12.0526 6.8400 9.1485 8
5 19.5603 15.0700 15.8632 18
6 10.1857 7.8400 4.0127 6
7 2.1060 1.3500 2.0928 1
8 8.1714 18.3000 5.9326 9
9 10.1846 12.9200 15.8632 10
10 17.1142 15.2500 12.0234 15
11 18.1212 15.2500 15.8632 17
12 16.682 16.1800 15.8632 20
13 19.5608 15.2500 11.0684 16
14 16.6825 16.0000 15.8632 19
15 7.3129 3.8700 8.5007 7
16 7.7450 5.90000 6.5806 5
17 9.0310 15.0700 13.2952 12
18 11.6242 16.0000 15.8632 13
19 - 0.0380 0.2400 4.0130 2
20 2.1060 6.8400 4.0127 3

1 10.8412 9.3030 10.3391 11
2 8.7138 15.2494 14 13
3 12.5533 12.7576 14 15
4 8.8062 14.5277 14 14
5 15.2847 13.8363 17.1204 17
6 9.3194 10.4306 9.7345 8
7 2.1274 3.4087 2.9522 3
8 11.7435 9.3030 10.3391 11
9 8.5096 10.3817 10.3391 9
10 10.3141 11.0721 10.3391 10
11 2.1274 9.3030 3.5569 5
12 8.5096 10.3817 9.7345 7
13 11.0161 9.3030 10.3391 12
14 19.6377 12.1508 13.7298 16
15 2.1274 5.0109 3.5569 4
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Table 5 (continued)

Company no Predicted rank by Predicted rank by Predicted rank by Expert rank, R;
ERgi = fei(X) S.Rs.i = fs.i(X) G.Rg.i = f6.i(X)

16 4.2548 1.7015 3.5569 1

17 0 1.7015 3.5569 2

18 10.4369 0 3.5569 6

Panel A compares the expert-assigned ranks with those predicted by the model for each company across the Environmental (E),
Social (S), and Governance (G) dimensions in the meat and dairy industry. The “Expert Rank” column adjusts the original rank
so that higher values represent better performance, consistently with the model’s scoring logic. The similarity between predicted
and expert ranks demonstrates the model’s effectiveness in capturing sustainability performance. While some discrepancies arise
due to the non-linear nature of the problem, in general the methodology is robust. Specifically, using the optimal weights assigned
to each of the 15 indicators and the corresponding company scores, predicted rankings can be computed for each company across
the Environmental (E), Social (S), and Governance (G) categories. For instance, for the first company, the environmental score
(E) is calculated as: I’Q\EV 1 = fE,1(X) =5.0351X1+10.9785X,+0.001X3+0.001 X4+5.7566X 5 = 15.2759. The corresponding
predictedrankis 21 — f ;(X) = 5.7241. Next, the social score (S) is computed as: 1?5, 1= fs5.1(X) =8.1821X6+2.1174X7+
9.3473X5+0.18X9+0.9365X 19+0.001 X1 = 14.1921. This results in a predicted rank of 21 — fg | (X) = 6.8079. Finally, the
governance score (G) is calculated as k\G,l = f6,1(X) = 0.001X12 +10.2717X 13 +4.7947X 14 + 3.8398X 15 = 12.4993. The
resulting predicted ranking is 21 — f; | (X) = 8.5007. The minimum and maximum predicted ranks for the Environmental
dimension (Social and Governance dimensions) are: I?E, min = —0.0380 and I?E_m,u = 19.5608 (1‘53,,,,;,1 = 0.2400 and

RS max = 18.3000, RG.min = 2.0928 and RG, max = 15.8632), respectively. The Root Mean Square Error (RMSE) was
calculated separately for the Environmental (E), Social (S), and Governance (G) dimensions for both the meat and dairy

~ N (Ri—FR:) ~ ~
industry as follows: RMSE (Rg) = y/ 2288 — 5 3458), RMSE(Rs) = 3.2979, and RMSE(RG) = 2.87

Panel B compares the expert-assigned ranks with those predicted by the model for each company across the Environmental
(E), Social (S), and Governance (G) dimensions in the agricultural industry. The “Expert Rank” column adjusts the original
rank so that higher values represent better performance, consistently with the model’s scoring logic. The similarity between
predicted and expert ranks demonstrates the model’s effectiveness in capturing sustainability performance. While some dis-
crepancies arise due to the non-linear nature of the problem, in general the methodology is robust. The minimum and maximum

environmental (social, governance) scores are IEE,,,,,-,, = 0 and I?E,,,,,” = 19.6377 (1?5,,,,[,, = 0 and 1?5,,,,4)C = 15.2494,

l?(;,m,-n =2.9522 and ﬁg,,m,x = 17.1204), respectively. The Root Mean Square Error (RMSE) for the entire sample of agri-
cultural companies is calculated separately for the Environmental (E), Social (S), and Governance (G) indicators as follows:

RMSE(Rg) = | SR ®=R0" _ 5 45166), RMSE(Rs) = 2.4991, and RMSE(Rg) = 1.4214

the Environmental (E), Social (S), and Governance (G) dimensions are presented in columns
2, 3, and 4 of Table 6, respectively.

The sustainability index values are calculated by means of a multiple logistic function
(MLF), outlined in Eq. 3.

1
SwLr(F(X) = T 3)

This function transforms the scaled scores into values bounded between 0 and 1, with a
smooth S-shaped curve that highlights differences at the tails while compressing values near
the center. The resulting sustainability scores based on the MLF are reported in column 2
of Tables 7, 8, and 9. To assess the robustness of our scoring approach, we also apply two
alternative mapping functions. The first is the shifted hyperbolic tangent function (HTF),
defined in Eq. 4 below.
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Table 6 The scaled values for the environmental, social, and governance indices

Company no Environmental, Fg (1?, ) Social, Fg (1/?\,) Governance, Fg (1/?\,)

A. Meat and dairy industry

1 — 1.2360 —0.8180 — 0.2080
2 0.4382 —0.1063 0.9110
3 —0.1334 0.9601 0.9108
4 0.7014 —0.8073 0.0743
5 2.9998 1.9269 3.0000
6 0.1299 —0.4751 —2.1635
7 — 2.3436 —2.6312 — 3.0000
8 —0.4868 3.0000 — 1.3269
9 0.1296 1.2126 3.0000
10 2.2510 1.9867 1.3269
11 2.5593 1.9867 3.0000
12 2.1187 2.2957 3.0000
13 3.0000 1.9867 0.9108
14 2.1188 2.2359 3.0000
15 — 0.7496 — 1.7940 - 0.2080

16 —0.6173 — 1.1196 — 1.0446
17 —0.2236 1.9269 1.8811
18 0.5703 2.2359 3.0000
19 — 3.0000 — 3.0000 —2.1633
20 — 2.3436 —0.8073 —2.1645
B. Agriculture

1 0.3124 0.6603 0.12823
2 —0.3376 3.000 1.6786
3 0.8355 2.0196 1.6786
4 — 0.3094 2.7160 1.6786
5 1.6700 2.4440 3.0000
6 —0.1526 1.1040 —0.1278
7 — 2.3500 — 1.6588 — 3.0000
8 0.5880 0.6603 0.1282
9 — 0.4000 1.0848 0.1282
10 0.1513 1.3564 0.1282
11 — 2.3500 0.6603 —2.7439
12 — 0.4000 1.0848 —0.1278
13 0.3658 0.6603 0.1282
14 3.0000 1.7808 1.5641
15 — 2.3500 — 1.0284 — 2.7439
16 — 1.7000 —2.3305 — 2.7439
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Table 6 (continued)

Company no Environmental, Fg (1?, ) Social, Fg (1/?\,) Governance, Fg (1/?\,)
17 — 3.0000 —2.3305 — 2.7439
18 0.1888 — 3.0000 — 2.7439

Panel A shows how the raw predicted ranks are transformed into a standardized scale ranging
from -3 to + 3 using a linear scaling function for the meat and dairy industry. The linear scal-

Ri=Ryin

Rmax—Rpmin

ing function is given by F(l?,) :( - %) * 6. This normalization is essential for apply-
ing mapping functions that convert scaled values into final sustainability scores. The scaled val-
ues ensure that the scoring system is consistent across companies and dimensions. For instance,
for the Environmental dimension, the function calculates the following value for company 1:

[ 57241—(—0.038) 1 _ 5 5
F(5.7241) = (m - 7) %6 = —1.236(Rypin = —0.038; Ryax = 19.5608)

Panel B shows how the raw predicted ranks are transformed into a standardized scale ranging
from -3 to + 3 using a linear scaling function for the agricultural industry. The linear scal-
k\i _ﬁmin

Rmax—Rmin

ing function is given by F(I’?\,) = < - %) + 6. This normalization is essential for apply-

ing mapping functions that convert scaled values into final sustainability scores. The scaled val-
ues ensure that the scoring system is consistent across companies and dimensions. For instance,
for the Environmental dimension, the function calculates the following value for company 1:

F(10.8412) = (16845320 — §) 6 = 0.3124(Ryuin = 0, 0; Rax = 19.6377)

h(F (X 1
Surr(F(X)) = w @

Like the MLF, this function maps values to the [0,1] interval but is more sensitive to
differences near the midpoint of the distribution. The HTF-based scores are presented in
column 3 of Tables 7, 8, and 9. The second alternative is the cumulative distribution function
(CDF) of the standard normal distribution, shown in Eq. 5:

FX) 1 2
Scpr(F(X)) = ®(F(X)) = [/ e Zdt (&)

—00 A/ 2

This function also produces values between 0 and 1 and caters to the relative standing
of firms across a normally distributed range of scores. The CDF-based results are listed in
column 4 of Tables 7, 8, and 9.

The standard deviations of the scores across these three methods are relatively small
(not exceeding 0.078), which indicates that the mapping functions are both stable and well-
suited to the data. A graphical comparison of the three functions is provided in Fig. 2,
which illustrates their respective scaling behaviors and vindicates their appropriateness for
transforming ESG scores.
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Fig. 2 Multiple logistic function (MLF), hyperbolic tangent function (HTF), and normal cumulative distribution
function (CDF). Figure 2 illustrates the cumulative probability functions for the multiple logistic (MLF), shifted
hyperbolic tangent (HTF), and normal (CDF) distributions. These distributions were employed to construct the
E, S, and G scores for SMEs. These functions were used to convert scaled ranks into sustainability scores. The
figure compares the shapes of the three functions. MLF offers smooth, balanced scaling, ideal for distinguishing
extremes. HTF is steepest at the center, which makes it effective for differentiating average performers. CDF
is based on the normal distribution and works well across a wide range of scores. This figure helps readers
understand the rationale behind using multiple scoring methods and how each function contributes to the ESG
scoring of SMEs

5 Conclusions

Small and medium-sized enterprises (SMEs) are vital drivers of economic growth, with
increasing potential to lead sustainability initiatives. This study addresses a critical gap in
the availability of tailored sustainability assessments for SMEs, which underscores the need
for developing firm-level sustainability indices and rankings designed specifically for their
unique needs and challenges. Existing sustainability metrics exhibit considerable diversity,
presenting an opportunity for innovation in methodologies designed specifically for SMEs. In
response to growing significance of climate challenges and sustainability policies, this paper
contributes to the body of knowledge on ESG rating and scoring methodologies, focusing on
the unique complexities of evaluating SME sustainability.

Unlike larger corporations, SMEs are not mandated to disclose sustainability information
under regulations like the CSRD, making the development of appropriate ESG metrics even
more pressing. The methodology presented in this paper selects relevant sustainability indi-
cators based on criteria such as disclosure, materiality, and quantifiability, relying on publicly
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accessible data. Built on the SASB framework, the methodology organizes ESG components
into environmental (e.g., energy management), social (e.g., employee health and safety),
and governance (e.g., executive remuneration) dimensions. These indicators are carefully
weighted and aggregated into a composite index using advanced optimization techniques.
Various scoring methods, including logistic, hyperbolic tangent, and cumulative distribution,
ensure robust metrics for measuring SME sustainability performance.

While tailored primarily to the meat and dairy, and agricultural industries, the method-
ology is adaptable to other industries. It identifies key sustainability factors for developing
targeted ESG scoring systems for SMEs. The selection of companies across Europe was
based on voluntary sustainability disclosures, as the lack of mandatory reporting currently
limits automated data collection. In conclusion, this study not only advances the development
of ESG scoring methodologies for SMEs but also informs policy discussions on improving
sustainability disclosures that are customized to the unique operational contexts of SMEs.
It underscores the importance of creating supportive frameworks that incentivize voluntary
sustainability reporting from SMEs.

While the proposed ESG scoring methodology offers an adaptable, innovative, and struc-
tured framework, it is essential to recognize its limitations. One significant limitation is that
the ESG index is currently based on just 15 or 16 criteria. This relatively narrow scope may
not capture the full spectrum of environmental, social, and governance factors relevant to
assessing a company’s overall ESG performance. Consequently, the index might overlook
some critical aspects that could influence the sustainability and ethical standing of the compa-
nies evaluated. Nevertheless, the methodology is designed with flexibility in mind. As more
information becomes publicly available and companies disclose additional ESG-related data,
the index can be expanded to incorporate a broader range of criteria. This would allow for the
construction of more comprehensive indices, providing a more holistic view of a company’s
ESG performance. Second, the reliance on voluntary disclosures limits its applicability until
broader adoption occurs. Third, sector-specific tailoring of ESG criteria requires careful
validations and often depends on expert opinions, which introduces subjectivity. This is a
common limitation in similar methodologies. Fourth, it should be acknowledged that method-
ology focuses on the status quo in the sustainability performance of SMEs. Specifically, the
proposed ESG scoring framework assesses companies based on their existing practices and
disclosures without necessarily accounting for their plans, potential for improvement, or
ongoing sustainability initiatives.

In summary, while the present ESG index has its limitations due to the restricted number
of criteria, it lays a solid foundation for a robust and expandable scoring system. As the
availability of ESG data improves, this methodology can be refined and expanded, enhanc-
ing its comprehensiveness and utility in assessing corporate sustainability and governance
practices.

Moving forward, the dynamic nature of sustainability policies suggests ongoing evolution
and potential regulatory changes that could spur advancements in methodologies for assessing
SME sustainability performance and refining ESG scoring systems. Future research could
explore enhanced approaches that adapt to evolving regulatory landscapes and industry-
specific aspects, ultimately promoting more comprehensive sustainability assessments for
SME:s. A promising direction for future research is to apply the methodology to large, listed
companies. Given their more extensive disclosure requirements, such an extension would
allow for a comparative analysis between SMEs and larger firms, offering more in-depth
insights into the robustness, scalability, and generalizability of the ESG scoring model. This
would also help evaluate how ESG performance varies across firm sizes and regulatory envi-
ronments, thereby contributing the broader debate on sustainability assessment frameworks.
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Appendix A

To determine the relative importance of each indicator, we employed a constrained nonlinear
optimization approach using the Sequential Quadratic Programming (SQP) algorithm via
MATLAB’s fmincon function (MathWorks, 2025). This is a flexible, robust, and efficient
approach to solve complex optimization problems with both equality and inequality, linear
and nonlinear constraints, as well as nonlinear objective functions (Nocedal and Wright,
2006). Specifically, our problem consists of minimizing the Mean Square Error between the
predicted company rankings (based on weighted indicator scores) and the expert-provided
rankings. The optimization yields the optimal weights for the selected ESG indicators (15
indicators for the meat and dairy industry, and 16 for agricultural firms). Here, the com-
pany rankings are treated as vectors to be optimized. This approach is designed to find the
local minimum of a scalar objective function under specified constraints. The mathematical
formulation of the objective function and its constraints is outlined in Eq. 6:

c(X) <0
ceq(X)=0
n}gnf(X) subject to A-X<b (6)
Aeq - X = beq
Ib<X<ub

f(X) represents an objective function specifically formulated to minimize the discrepancy
between predicted and expert-assigned company rankings. The optimization problem is
subject to a set of constraints. The constraints, which include both equality and inequal-
ity functions, determine the feasible solution space. Specifically, c¢(X) defines nonlinear
inequality constraints, ceq (X) represents nonlinear equality constrains, A e X defines linear
inequality constraints, and Aeq e X specifies linear equality constraints. Lastly, /b and ub
establish the lower bounds and upper bounds for each coordinate of search space (Nocedal and
Wright, 2006). Within the optimization procedure, the function fmincon iteratively searches
for the local minimum of the scalar objective function, adjusting the weights assigned to ESG
indicators to best approximate expert rankings. The rankings are treated as vectors within a
bounded range, typically normalized between 0 and 1.

The optimization process involves several key steps. First, we load the indicator matrices
for the Environmental (E), Social (S), and Governance (G) dimensions and construct the
target ranking vector R, where R; represents the expert rank for firmi withi = 1,2, ..., n
(where n = 20 for the meat and dairy industry, and n = 18 for agriculture). Next, we form the
predictor matrix Q by concatenating selected columns from E, S, and G block matrices. The
total number of columns in Q, denoted m, is the sum of the indicators across the three ESG
dimensions, m = mg +mg+mg, where m g is the number of indicators in the Environmental
category, mg is the number of indicators in the Social category, and m¢ is the number
of indicators in the Governance category. Specifically, mg = 5 (greenhouse gases, energy
management, water management, waste management, and sustainable practices), mg = 6 for
the meat and dairy industry (mgs = 7 for agriculture): working environment, qualifications,
ecological environment, corporate social responsibility, employee development, equality and
anti-discrimination, and (food safety), and ms = 4 (business ethics breaches, sustainability
reporting, green supply chain, and gender diversity). Thus, the final predictor matrix has
dimensions 20 x 15 for the meat and dairy industry (20 SMEs and 15 ESG indicators),
and 18 x 16 for agriculture (18 SMEs and 16 ESG indicators). The optimal weights W;
were obtained by minimizing the objective function f (Wj), outlined in Eq. 1. We used the

following code to solve the optimization problem:
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E:
clear all
E =load('E.txt', "-ascii');
R= E(:77);
R=21-R; % Invert expert ranks: 21 - rank(k) for meat/dairy sample
Q(:,1) = E(:,2);
Q(:,2) = E(;,3);
Q(:,3) = E(:,4);
Q(:,4) = E(:,5);
Q(:,5) = E(:,6);
Aeq = ones(1, 5);
beq = 1;
fun = @(W) sum(sum((Q * W' - R).*2));
initialWeights = rand(3, 5);
options = optimoptions(‘fmincon’, 'Algorithm’, 'sqp');
weights = fmincon(fun, initialWeights, [], [1, [1, [], 0.001*ones(1,5), [, [], options);
disp('Optimal Weights:');
disp(weights);
predictedRankings = Q * weights';
disp('Predicted Rankings:");
disp(predictedRankings);
fork = 1:20
E = E + abs((R(k)-predictedRankings(k))/R(k));
end
E =E/20;
E

S:

clear all

S =load('S.txt', "-ascii');

E =load('E.txt', "-ascii');

R =E(,7);

R=21-R; % Invert expert ranks: 21 - rank(k) for meat/dairy sample
Q(:,1) = S(:,2);

Q(:,2) =S(:,3);

Q(:73) = S(:74);

Q(:,4) = S(:,5);

Q(:,5) = S(:,6);

Q(:,6) = S(:,7);

Aeq = ones(1, 6);

beq = 1; % Equality constraint vector

fun = @(W) sum(sum((Q * W' - R).*2));
initialWeights = rand(1, 6);

options = optimoptions(‘fmincon’, 'Algorithm’, 'sqp');
weights = fmincon(fun, initialWeights, [1, [1, [1, [], 0.001*ones(1,6), [1, [], options);
disp('Optimal Weights:');

disp(weights);

predictedRankings = Q * weights';

disp('Predicted Rankings:");
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disp(predictedRankings);E = o;
fork = 1:20
E = E + abs((R(k)-predictedRankings(k))/R(k));
end
E =E/20;
E

G:
clear all
G = load('G.txt', "-ascii');
E =load('E.txt', "-ascii');
R = E(:,7);
R=21-R; % Invert expert ranks: 21 - rank(k) for meat/dairy sample
Q(:,1) = G(:,2);
Q(:,2) = G(:,3);
Q(:,3) = G(:,4);
Q(:,4) = G(:,5);
Aeq = ones(1, 4);
beq = 1;
fun = @(W) sum(sum((Q * W' - R).*2));
initialWeights = rand(1, 4);
options = optimoptions(‘fmincon’, 'Algorithm’, 'sqp');
weights = fmincon(fun, initialWeights, [], [1, [1, [], 0.001*ones(1,4), [, [], options);
disp('Optimal Weights:");
disp(weights);
predictedRankings = Q * weights';
disp('Predicted Rankings:");
disp(predictedRankings);E = o;
fork =1:20
E = E + abs((R(k)-predictedRankings(k))/R(k));
end
E =E/20;
E
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