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Monitoring and evaluating a supplier’s sustainability position is a crucial proactive measure
for maintaining a sustainable value chain in the long term and avoiding sustainability-related
risks. Accordingly, this study designs an Excel-based comprehensive supplier rating system
to monitor suppliers' environmental sustainability. The rating system consists of two
dimensions: Environmental Sustainability Performance Rating and Compliance Rating. The
performance rating indicates the supplier’s current performance on environmental
sustainability criteria, while the compliance rating reflects whether the supplier has the
necessary foundation to maintain this performance.

The criteria used to quantify each dimension were defined with input from experts at the
case company to ensure alignment with both internal and external requirements. The
Analytic Hierarchy Process (AHP), using weighted expert opinions, was employed to
calculate the weights of the criteria. Scorecards were designed in accordance with the
company’s standards to ensure that the ratings reflect each supplier’s individual performance
rather than their relative performance. Ratings are calculated by summing the weighted
scores of all criteria within each dimension.

The model includes a dynamic weighting mechanism, where criteria weights automatically
adjust based on the relevance set by the user for different material class. This feature allows
the model to be applied across a complete supplier base, even when suppliers operate in
different industries. As part of the compliance rating, the model includes a document
verification criterion; scoring how many verification-documents the supplier has submitted
and a data quality criterion that identifies outliers among submitted values using the
Interquartile Range (IQR) method. The model includes a Power Query, connected to
SharePoint folders to gather data for the model, enabling automated updates and facilitating
company-wide integration. As output, the model generates a consolidated table showing
each supplier’s environmental sustainability performance and compliance ratings, along
with an interactive dashboard for visual support.
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1 Introduction

The rapid global development of recent decades has transformed numerous aspects of
society and business. While initially celebrated for its economic benefits, this transformation
has gradually revealed significant hidden costs. One prominent example is resource
depletion: while industrialization created demand for natural resources, boosting the
economies of developing countries, the exponential rate of resource consumption is leading
to their exhaustion. Similar negative patterns have emerged in social and governance

domains.

These adverse effects drew attention from both governing bodies and consumers, who
recognized them as threats to planetary, social, and corporate sustainability (Ghadge et al.,
2019). As a result, authorities established regulatory frameworks, and consumers changed
their buying behavior by seeking increased transparency from companies in their practices
and operations. Companies face mounting pressures from potential reputational damage,
declining sales, and operational disruptions (Moktadir et al., 2018; Rezaei et al., 2016).
Beyond external pressure, companies have also recognized the strategic benefits of
sustainability, such as gaining a competitive advantage, attracting investor interest, and
ensuring long-term business viability (Rezaei et al., 2016; Shayganmehr et al., 2021).
Therefore, managerial practices prioritizing sustainability have become essential and are

now widely adopted in business operations (Coskun, Kumru and Kan, 2022).

As apart of'it, Sustainable Supply Management became a major focus. As (Blandine Ageron,
Angappa Gunasekaran and Alain Spalanzani, 2012) very correctly said, “Supply chains are
as strong as the weakest node in the network™ The supplier base must reflect the
sustainability standards and mission of the company. Historical examples of chain liability
effect, demonstrates that the lead firms are often held accountable for the unsustainable

practices in their supply chains (Bai et al., 2019).

However, building a supplier base up to the required sustainability standards is no easy task.
Geographical differences between suppliers and lead firms often create disparities in the
level of importance placed on sustainability. In addition, varying standards set by different
customers further complicate negotiation dynamics. As a result, sustainable supply

management practices such as sustainability consideration at supplier selection and ensuring



supplier code of conduct to set the minimum standard in the supplier base have become

common practices (Leire and Mont, 2010).

Over the years, with the rapid expansion of regulations increasing the scope of obligations,
strict standards, and rising customer expectations for sustainability, companies must
continuously adapt and enhance sustainability performance in their upstream supply chains.
Failure to comply with these evolving regulations, standards, and expectations poses
reputational, financial, and operational risks. Therefore, beyond setting minimum
sustainability standards for their supplier base through selection criteria and codes of
conduct, companies must engage in proactive Sustainable Supply Risk Management
practices to maintain standards. This includes evaluating and monitoring supplier’s

sustainability performance.

Supplier rating systems are recognized as one of the effective supplier evaluation and
monitoring techniques (Beske and Seuring, 2014). Performance rating systems give a clear
understanding of suppliers’ position based on selected parameters and enable performance
comparison over time. This numerical representation allows firms to proactively identify and
mitigate risks through supplier relationship management, negotiations, or development
initiatives.

Existing sustainability rating systems in the literature primarily focus on assessing
sustainability performance, resilience, or capabilities (Coskun, Kumru and Kan, 2022;
Rezaei et al., 2022). However, in an industry setting uni-dimensional system is insufficient
to give an overall picture. While it is important to understand how the supplier performs
currently, it is equally important to know whether they can maintain the performance in the
long run. Therefore, this research aims to create a two-dimensional supplier sustainability
rating system, where one dimension represents supplier’s environmental sustainability
performance rating, and the second dimension represents supplier’s environmental
sustainability compliance. The sustainability compliance axis aims to reflect the long-term
viability of the supplier’s performance. The excel based rating model developed in this study
address industry practicalities also by developing an automated system with features such as

ability to adjust relevant criteria for supplier material class, automated data quality checker

and insightful dashboard.



2 Research Significance and Objectives

This study aims to develop a comprehensive supplier rating model for environmental
sustainability. The research is designed to address both theoretical and, more significantly,

practical research gaps.

From a theoretical perspective, the model is developed as a proactive supplier risk
management tool instead of a reactive tool. Unlike the most studied relative performance
models, this study focuses on individual supplier performance evaluation, enabling direct

and consistent monitoring and assessment.

On the practical side, the model addresses several key challenges. It employs a multi-
dimensional structure to reflect both current supplier performance and long-term potential.
The model is designed to be flexible, accommodating the entire supplier base rather than
being limited to a single category. Furthermore, it minimizes the need for human
intervention, allowing seamless integration into existing business operations. Lastly, a
statistical data quality checking method is incorporated to ensure the reliability and accuracy

of the input data.

3 Research Questions

Following the research objective, below main research question was formed.

“How can a rating system be designed to evaluate a supplier base on environmental

sustainability performance and compliance while ensuring data accuracy.”
Sub-Questions:

1. What assessment framework can effectively evaluate supplier sustainability

performance and compliance independent of peer comparison?

2. What mechanisms can be adopted to ensure fair evaluation of suppliers from

different industries?

3. What automatic mechanism can be used for data quality verification?



4 Research Scope

A case study-based approach was adopted to develop the rating system, addressing two key
objectives. First, it demonstrates the methodology for aligning the rating system with a
company’s strategic goals and operational requirements. Second, it facilitates the
identification and resolution of practical challenges encountered during implementation. The
rating system was developed in the context of an electrical product manufacturing company
based in Finland. When defining the rating criteria, criteria weights, supplier’s material class
and score card the company context, double materiality assessment and the available internal

technologies were considered.



5 Literature Background

A literature study around supplier evaluation and monitoring was conducted to investigate
the theoretical background, research gaps and the significance. The conceptual framework

which was used to structure the literature study is displayed in Figure 1 below.
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Figure 1. Conceptual Framework

The next subsections elaborate the findings from the literature study which followed the

main theoretical concepts surrounding supplier monitoring and evaluation.

5.1 Sustainable Supply Chain Management

Before the 1980s, supply chains were simple with small number of links and each link
operated independently (Rausch-Phan and Siegfried, 2022a). However, with globalization
entity accessibility improved, and it became evident that collaboration and maintaining
relationships with a network of suppliers and customers have more benefits (Rausch-Phan
and Siegfried, 2022a). For example, companies were able to find specialized suppliers for
low prices and better quality and cater to a variety of customers, increasing the sales (Rausch-
Phan and Siegfried, 2022a). Another advantage is that through collaboration, goals and

targets were shared across the supply chain enabling them to realize those targets efficiently



and effectively. Sustainability is not a one-entity responsibility; it must be a shared goal
across all entities involved (Mena and Schoenherr, 2023). Therefore, collaboration and chain
management are vital in implementing sustainability in a supply chain. And collaborative
approaches are much more effective than coercive approaches for green propagation (Mena
and Schoenherr, 2023). This highlights the critical role of Sustainable Supply Chain
Management (SSCM), which significantly accelerates progress toward sustainable

development (Simonov Kusi-Sarpong, Himanshu Gupta and Joseph Sarkis, 2018).

Supply Chain Management (SCM) is coordinating the complex processes and entities that
involved in the process of supplying a product and/or a service to its end user efficiently and
cost-effectively (Rausch-Phan and Siegfried, 2022a). A company’s Supply Chain is at the
center of its profitability. If the supply chain can ensure the raw materials are sourced at the
lowest price and following services such as production and distribution are executed with a
low cost as well, they can offer the product at a competitive price to the consumer. It
increases the profit margins and the consumer base, increasing the revenue. A few decades
ago, the primary goal of SCM was to achieve economies of scale, enabling companies to
ensure that their products or services were available in the market at lower costs and with
higher quality (Rausch-Phan and Siegfried, 2022a). Competitive prices and quality were in
the forefront of competitive advantage. However, it was soon realized that on the flip side
labor rights, environmental pollution and depleting resources in the developing countries
were at cost. Within the span of the last three decades, the playing field has changed
significantly. Competitive advantage is no longer determined by price alone; it now lies in
achieving the right balance between price, quality, and a low environmental and social
impact (Siegfried and Zhang, 2021). In fact, (Coskun, Kumru and Kan, 2022) suggest that
according to resource-based view, integrating environmental, social and governance
sustainability into the supply chain creates a competitive advantage by making it difficult
for competitors to replicate. Hence the corporate world has recognized that SSCM is the key

driver of long-term value and resilience.

Sustainable Supply Chain Management (SSCM) is defined in literature as Supply Chain
Management with sustainable development and triple bottom line in the core of strategy and
management decisions along with the financial matrices (Bai et al., 2019; Khan et al., 2018;
Rausch-Phan and Siegfried, 2022b). Engaging in SSCM essentially means sourcing green

material, use of renewable resources, recycling, reduction of waste, ensuring financial equity



across the supply chain (fair price) and ensuring labor rights and standards (Rogers et al.,
2009). Following competitive advantage and positive social and environmental impact, the
cost reduction due to the use of renewable resources rather than scarce nonrenewable
resources, improved brand image and reduction of business disruptions due to risk mitigation

are more advantages (Rausch-Phan and Siegfried, 2022b).

The real challenge lies in ensuring sustainable practices and standards are upheld across
entire supply chain networks. As previously mentioned, unless it is a common goal across
all entities in the supply chain network, striving for success is difficult (Rausch-Phan and
Siegfried, 2022b). Many literatures have elaborated on the driving forces of SSCM as
internal stakeholders and external stakeholders such as customers, regulatory authorities,
competitors and investors (Rausch-Phan and Siegfried, 2022b; Zimon, Tyan and Sroufe,
2020). These driving forces ensure the enforcement of sustainability in supply chains.
However, the extent to which these enforcement measures reach multiple tiers of suppliers
and customers largely depends on the power asymmetry within the buyer—supplier
relationship, in other words, the governance model of the supply chain. In fact, (Grimm,
Hofstetter and Sarkis, 2018) recognize buyer power over the immediate supplier as one of
the factors which enable sustainability standard compliance across the upstream supply

chain.

According to (G. Gereffi and M. Korzeniewicz, 1994) Governance means “authority and
power relationships that determine how financial, material and human resources are
allocated and flow within a chain”. In the newer version of governance models in global
value chain literature, five governance models namely, markets, modular, relational, captive,
and hierarchy were introduced (Gary Gereffi, John Humphrey and Timothy Sturgeon, 2005).
The distinguishing of the models is based on supplier competence, how much production
information can be codified and complexity of the information shared between the entities
(Gary Gerefti, John Humphrey and Timothy Sturgeon, 2005). This is a micro-level division
of governance models. Instead, to address the question of how to ensure sustainable practices
and standards across supply chain networks, a broader classification has been considered;

distinguishing between buyer-driven and manufacturer-driven supply chains.

Buyer-driven chains highlight the role of a powerful buyer as the lead firm in the supply
chain (Gereffi and Fernandez-Stark, 2018). In these supply chains the lead buyer is the most

influential entity in the chain, having leverage across the other parties and processes enough



to set standards and goals across the supply chain (Gereffi and Fernandez-Stark, 2018). The
asymmetrical power dynamics in most buyer-driven supply chains are often viewed
negatively in literature, primarily due to the opportunistic power held by the lead buyer
(Touboulic, Chicksand and Walker, 2014). On hindsight the same power with collaboration
can be used to achieve targets and enforce a common goal which might not be considered a
priority individually (Belaya, Gagalyuk and Hanf, 2009). There are many examples where
lead buyers made use of the asymmetrical power with supplier development programs to
ensure sustainable practices in supply chains. For example, Patagonia designs, produces and
sells their own products while managing their suppliers closely. They established a strict
supplier code of conduct with environmental and labor rights standards also ensuring
traceability and transparency with suppliers (Pongtratic). As much as the lead buying firm
have leverage, they are also the face of the supply chain, hence held accountable for
unsustainable practices within their supply chains (Shayganmehr et al., 2021). Zara being
boycotted by consumers due to the issue of their suppliers releasing toxic waste into
freshwater streams and Nike being boycotted by consumers due to labor rights violations in

suppliers are few examples (Shayganmehr et al., 2021).

On hindsight producer-driven chains are where independent component suppliers and
customers are economically associated with a lead producer based on market dynamics such
as price and/or demand where coordination is through contracts (Gereffi and Fernandez-
Stark, 2018). Due to the resource intensiveness in buyer-driven supply chains, producer-
driven supply chains are more common globally. In these supply chains, every customer,
except the final consumer, is a supplier to the next tier, and every supplier is, in turn, a
customer to another. Here the lead producer is the most influential but does not have as much
leverage as a lead buyer. Because the suppliers in a producer-driven chain often have
multiple customers and every customer works with multiple suppliers. The lead
manufacturing firm deals with a supplier and a customer base. Here the customer-supplier
relationship and leverage depend on the supplier’s segmentation. Depending on the
relationship the most influential party is the immediate customer of each chain link entity.
Considering there are multiple individual customers for each supplier there is no one entity
that will be held accountable for unsustainable practices. Therefore, blame will be switched
from one entity to another. Hence ensuring sustainability across producer-driven supply

chains is difficult compared to buyer-driven supply chains.



A lot of studies claim that there is a lack of studies on ensuring sustainability across multi-
tier supply chains (Tuni, Rentizelas and Chinese, 2020). Instead, it is often the dyadic
relationship between the manufacturing plant and tier 1 suppliers, or tier 1 customers are
studied (Shayganmehr et al., 2021). It can be argued that in the more common form of supply
chains, producer-driven supply chains the influence of a single entity typically does not
extend deeply across multiple tiers. Often, their leverage is limited to direct, first-tier
suppliers. However, it is possible to trigger a chain reaction that cascades through multiple
tiers, and this is frequently observed in practice. This may explain the academic focus on
dyadic relationships, as multi-tier influence is not universally applicable across all supply

chains.

In this study we are addressing about ensuring sustainability in a producer-driven supply
chain. In such supply chains immediate customers and the competitors of the industry are
the most influential when it comes to establishing sustainability (Piotrowicz and
Cuthbertson, 2015). Beyond those driving forces, with regulations such as Carbon Border
Adjustment Mechanism (CBAM) and sustainability reporting, companies must ensure
sustainability in their products and across their value chain. However, the same level of
priority given to sustainability is not consistently replicated across different regions of the
world. Hence there is a clear difference between the western and eastern world. Therefore,
since no entity has a significant influence to set a common vision for the whole supply chain,
the best alternative for producer-driven supply chains to ensure sustainability is engaging in

sustainable supply management practices with the tier one suppliers.
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5.2 Sustainable Supply Management

Sustainable supply management as a scope evolved significantly over the years. It came to
light with the realization that the biggest opportunity to reduce the environmental impact lies
in strategic sourcing because a firm’s biggest emission contribution is from the goods
sourced (Fallahpour et al., 2020). “A supply chain is strong as the weakest node in the supply
chain”, hence supplier’s sustainability performance affects a great deal to the green
performance of the lead firm (Blandine Ageron, Angappa Gunasekaran and Alain
Spalanzani, 2012; Khan et al., 2018). Initially it was discussed as ‘green purchasing’ which
focused strictly on considering environmental sustainability into supplier selection (Min and
Galle, 1997). However, over time, the concept expanded beyond supplier selection to include
supplier evaluation and management (Ké&hkonen, Lintukangas and Hallikas, 2018). This
shift occurred as it became evident that considering sustainability parameters only at the
selection stage was insufficient to maintain long-term sustainability standards. Sustainable
supply management can be defined as the integration of environmental, social, and
governance (ESG) sustainability aspects into the procurement process (Giunipero, Hooker

and Denslow, 2012).

(Kéhkonen, Lintukangas and Hallikas, 2018) state that sustainable supply management
requires the supply chain to perform well in both traditional performance metrics and
sustainability metrics. While ensuring sustainability in the supplier base provides a
competitive advantage for the lead firm, it is also essential to remain competitive in terms of
price and quality. Improvements in supplier sustainability have a direct positive effect on
product quality. However, sustainability often has the opposite effect on pricing, as green
products are typically more expensive than non-green alternatives (Li et al., 2018) Despite
this, the relationship between pricing and sustainability remains underexplored in the context
of suppliers, making it crucial to identify ways to balance cost and sustainability quality

through supplier relationship management.

Upstream supply chains often consist of complex networks with multiple supplier tiers.
Research by (Mejias et al., 2019; Miemczyk, Johnsen and Macquet, 2012; Shayganmehr et
al., 2021) reveals that most studies on sustainable supply management focus on the dyadic
relationship between the lead firm and tier-1 suppliers. This focus is largely due to the risks

and complexities involved in researching multi-tier supply chains. However, lower-tier
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suppliers often pose the highest sustainability risks, and their sustainability-related issues
tend to cascade upward, affecting both tier-2 and tier-1 suppliers (Villena and Gioia, 2018).
While research on extending sustainable practices across multiple supplier tiers is limited,
existing studies highlight the challenges involved. A single focal firm often lacks the
leverage to enforce sustainability practices across multiple tiers unless it wields significant
influence over its suppliers. However, coordinated efforts within specific geographies or
industries can drive substantial changes across multiple supplier tiers. A prime example is
the European Union’s sustainability regulations, which require manufacturing firms to
enforce sustainability practices within their supply chains. This regulatory pressure has
created a ripple effect, encouraging suppliers across multiple tiers to adopt sustainable

practices.

(Kéhkonen, Lintukangas and Hallikas, 2018) developed a 3-axis matrix categorizing
sustainable supply management practices based on dynamic capability view. Accordingly,
reactive approaches are recognized as basic practices that have low priority towards new
capability development while proactive approaches highly prioritize supplier development.
They also found that reactive approaches have minimal impact on a firm's sustainability
performance, whereas proactive approaches yield long-term benefits (K&hkonen,
Lintukangas and Hallikas, 2018). (Akhavan and Beckmann, 2017) further argue that
proactive approaches that enable supplier development and capability building are more
effective in addressing supplier sustainability challenges than reactive approaches. Given
that sustainability is a long-term mission requiring annual reporting and audits, reactive
approaches alone are unsustainable. Consequently, as emphasized in literature, proactive

strategies are essential for effective sustainable supply management.

Sustainable Supply Management approaches can be categorized from different perspectives.
(Beske, 2012) classified sustainable supply management (SSM) based on five key practices:
orientation, continuity, collaboration, risk management, and proactivity. Notably, (Beske,
2012) categorized proactivity and risk management as separate dimensions. (K&hkonen,
Lintukangas and Hallikas, 2018) argued that risk management practices in SSM tend to be
more reactive than proactive. And (Beske, 2012) classification further grouped monitoring
as a risk management practice. This research aims to leverage monitoring as a proactive
sustainability risk management approach, using supplier rating systems to identify

underperforming suppliers and support their capability development.



12

5.3 Sustainable Supply Risk Management

With continuous changes in regulations, supplier bases, and customer awareness, companies
often find it inevitable to adopt risk management approaches in sustainability (Lopez and
Ruiz-Benitez, 2020). Supply Risk Management can be defined as the early identification of
disruptive situations related to suppliers and the implementation of actions to mitigate or
control their impact. (Seville, Van Opstal and Vargo, 2015) building supply chain resilience
through risk management strategies is a major catalyst in ensuring dynamic capabilities
enabling a company to swiftly respond, adjust and recover from unexpected supply chain

disruptions.

Supply Risk Management approaches are commonly discussed in the literature in the context
of supply risks such as geopolitical events, natural disasters, and logistical disruptions (Han
and Um, 2024). However, this paper argues that the inability to ensure supplier sustainability
standards should also be considered a corporate risk. Several factors justify this claim,
including financial risks associated with penalties for supplier emissions and loss of business
in a competitive bidding setting due to poor Scope three environmental sustainability
performance, operational disruptions due to import restrictions stemming from poor supplier
evaluations from programs such as the Carbon Border Adjustment Mechanism, poor interest
from potential investors, and potential reputation damage due to non-compliance with
sustainability reporting requirements such as Global Reporting Initiative (GRI) and

Corporate Sustainability Reporting Directive (CSRD).

Risk mitigation approaches can be categorized into two strategies: proactive and reactive
(Elluru et al., 2019). Proactive strategies focus on preventing potential risks, while reactive
strategies serve as remedial measures (Elluru et al., 2019). The choice between a proactive
or reactive approach depends on the severity and frequency of the risk factor. The financial
and operational risks associated with failing to maintain supplier sustainability performance
are significant and recurring due to frequent reporting requirements. Consequently, a

proactive risk management approach is essential in this context.

(Akhavan and Beckmann, 2017) identify supplier selection and monitoring based on
sustainability criteria as a risk-oriented strategy. Similarly, (Carter and Rogers, 2008b) state
that the triple bottom line framework views supplier evaluation as a risk-oriented approach.

According to (Elluru et al., 2019; Kidhkonen, Lintukangas and Hallikas, 2018) risk-oriented
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approaches are typically reactive. However, we argue that evaluating supplier sustainability
during the selection process establishes a foundational standard across the supplier base,
thereby preventing future sustainability disruptions. Additionally, ongoing supplier
sustainability evaluations ensure that standards are maintained, underperforming suppliers
are identified, and capability development measures are implemented—all of which are
proactive actions. In addition, (Kdhkonen, Lintukangas and Hallikas, 2018) emphasize that
proactive approaches aimed at supplier capability development are more effective in
addressing sustainability issues. (Coskun, Kumru and Kan, 2022a) recognize sustainable
supplier evaluation as a means of enhancing supplier sustainability capabilities. This further
reinforces the argument that sustainable supplier evaluation, when used as a risk mitigation

strategy, is inherently proactive.

Sustainable supplier evaluation quantitatively analyses supplier sustainability performance.
It is widely recognized as a method applicable to both supplier selection and ongoing
monitoring (Coskun, Kumru and Kan, 2022a). Among various supplier evaluation methods,
this research focuses on supplier rating systems. The literature suggests that such systems
are more commonly applied during supplier selection rather than for continuous monitoring.
Therefore, this research addresses a gap by exploring the potential of rating systems as a tool

for supplier monitoring in sustainability.

5.4 Sustainability Supplier Rating Systems

According to (Grimm, Hofstetter and Sarkis, 2018; Lu, Wu and Kuo, 2007) SSCM efforts
must ensure consistent maintenance of sustainability performance, efforts should be
replicated across the supply chain and supplier’s must be helped to recognize the importance
of sustainable practices and develop initiatives to address problems. Companies deal with
hundreds of suppliers from different industries which must be monitored and controlled to
ensure uniform standards (Lu, Wu and Kuo, 2007). And performance measurement is the
starting point of growth, acting as a basis for improvement (Chen, Yeh and Yang, 2004).
Performance measurement is defined as measuring to what extent a certain entity meets the
given criteria reflecting a certain objective (Coskun, Kumru and Kan, 2022). The supplier
rating system is a widely used performance evaluation tool in industry, helping organizations

identify outliers and maintain consistent standards across their supplier base.
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Supplier rating is defined as a model that consolidates multiple performance indicators into
a single score (Chen, Yeh and Yang, 2004). According to (Carter and Rogers, 2008; Chen,
Yeh and Yang, 2004) there are three fundamental supplier rating models: categorical,
weighted sum, and cost based. The categorical model is the simplest, classifying suppliers
into broad categories such as good, satisfactory, neutral and unsatisfactory (Chen, Yeh and
Yang, 2004). However, it is highly subjective and resource intensive. The cost-based model
evaluates suppliers by calculating the costs associated with their non-performance, providing
objective ratings. However, this method is expensive and time-consuming. The weighted
sum method assesses suppliers based on selected criteria, assigning weighted scores to
compute an overall rating. This approach is moderately costly and offers a quantitative

evaluation (Chen, Yeh and Yang, 2004)

In literature it can be noticed that supplier rating is most used for performance evaluation in
supplier selection (Ahmadi et al., 2020; Fallahpour et al., 2020; Khan et al., 2018). One of
the main objectives in sustainable supply management is to maintain strong, collaborative,
long-term relationships with few reliable suppliers. Therefore, in SSM practices
performance evaluation in supplier selection is considered crucial (Coskun, Kumru and Kan,
2022; Ho, L. et al., 2012). However, in this paper it is expected to highlight, it is also very
crucial to measure performance routinely to ensure that standards are consistently
maintained throughout the relationship. Especially since some sustainability reporting
requirements such as CBAM are novel, standards required now might have been different to
when the supplier was selected. In literature the application of rating systems in supplier
relationship management and development is rare. And literature recognizes supplier
performance evaluation is the first step towards supplier development and relationship

management (Awasthi and Kannan, 2016). Therefore, this study aims to address this gap.

The most common application of supplier rating systems in literature is to rank suppliers
based on their scores, helping to identify the best and worst performers (Amindoust and
Saghafinia, 2017; Fallahpour et al., 2020; Govindan and Sivakumar, 2016). The objective
differs from selecting a supplier, order allocation or supplier development. This study aims
to use the rating system as an individual performance indicator, rather than comparing
suppliers relative to others in the supply base, to assess whether each supplier meets the
expected standards. According to (Amindoust and Saghafinia, 2017) calculating suppliers’

performance without comparing to other suppliers is very useful to replicate standard
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behavior in the future. It allows the company to develop all suppliers if necessary. If we use
the relative performance as the measuring index, we are only able to improve up to the best
supplier from the supplier base. (Coskun, Kumru and Kan, 2022) presents an excellent point,
where supplier evaluation through ranking excludes the suppliers who perform below the
standards, and it is not a sustainable practice. Instead, they should be recognized for
development opportunities. And (Tuzkaya et al., 2009) suggest high quality information
sharing creates high-performing value systems. In this study the supplier rating is expected
to be used as shared information with the supplier that enables mutual performance

improvement.

There are many benefits to utilizing a supplier rating system to ensure sustainability in a
supply chain, other than ensuring standards. The rating indicates the suppliers that have low
performance enabling firms to assist in green supplier development through trainings,
capability building and resource sharing (Bai and Sarkis, 2010). Some literature argues that
since performance evaluation systems use past data, it doesn’t accurately represent the
current capabilities of the supplier (Handfield et al., 2002). However, it opens the floor for
communication and ensuring that the current capabilities correctly align with the weak areas.
Additionally, supplier evaluation methods such as rating systems must be utilized routinely
and extend further from the supplier selection to monitor that the supplier is able to maintain
or improve the performance. Continuous monitoring allows the firm to assess whether the
supplier’s performance is improving and identify potential risks. This allows the firm to
make informed decisions about continuing the business relationship and revising purchasing
strategies. Quantifying sustainability performance through the rating system can be used as
a supporting tool for price negotiations. Continuous monitoring of the sustainability
standards with suppliers enables the firm to respond to the continuously changing
sustainability requirements in the market, giving a competitive advantage (Tuzkaya et al.,
2009). Also, it ensures a supplier base analysis aligning with the reporting requirements,

ensuring impactful sustainability reporting.
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5.4.1 Evaluation Criteria

The most common application of supplier rating system in routine evaluation context is for
traditional economic performance measurement criteria such as quality, lead time and price
(Amindoust and Saghafinia, 2017; Gary Gereffi, John Humphrey and Timothy Sturgeon,
2005; Rezaei et al., 2016). Some literatures have expanded the criteria to evaluate the
qualitative factors such as flexibility, reputation, management and technological integration
(Ho, W., Xu and Dey, 2010). However, over the past decade, with the increasing focus on
sustainability reporting requirements and the growing priority of SSCM, publications on the
use of rating systems incorporating sustainability criteria have become increasingly
prominent. Many companies have their own supplier evaluation frameworks in place already
for economic parameters. However, aside from industry giants, only few companies have
performance evaluation systems focused on sustainability parameters, other than those
provided by third-party service providers. Rating systems available through third-party
vendors are designed in a general template with low customizations to fit the requirements

of a specific firm.

Among the environmental, social and governance aspects in sustainability, most literature
address criteria from the environmental aspect (Awasthi and Kannan, 2016; Govindan and
Sivakumar, 2016; Rezaei et al., 2016). The ability to measure and quantify the environmental
parameters is much higher compared to social and governance factors. In addition, the effect
on the environment is more visible and talked about. These might be the reasons for the
leniency towards ‘green’ criteria. Of course, depending on the industry, the impact of the
three aspects might vary. However, all three aspects are equally important and should not be
overlooked (Shayganmehr et al., 2021). Especially from the ‘Nested Spheres Model’
perspective of the triple bottom line, sustainability can be achieved only when all three all
three dimensions are realized simultaneously (Correia, 2019). However, authors argued that
the nester spheres model doesn’t reflect the relative importance of the three dimensions.
Proceeding to witness the environmental repercussions such as climate change, emphasized
the ecological limitations affecting the social and economic dimensions. This introduced an
expanded model of the Triple Bottom Line, named the ‘Russian Doll Model’, where the
governance sphere is within the social sphere and the social sphere is within the wider

environmental sphere (Correia, 2019). Many scholars recognize the Russian Doll Model as
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a strong sustainability model because it clearly implicates the effect of each aspect on the
other and how businesses must engage in activities being mindful of the wider effect on the
social and environmental aspects (Ross, 2019). This also might be a reason for many studies
to focus on environmental criteria. This study also develops a supplier rating system based
on environmental factors, with the potential for future expansion to include social and

governance factors.

Sustainability rating systems in literature have quantified “sustainability” from few aspects.
Literature addresses supplier sustainability ‘performance’ such as Green House Gas
emissions, use of renewable energy and waste management using criteria based on different
industries (Amindoust and Saghafinia, 2017; Coskun, Kumru and Kan, 2022; Esmaeil
Zarghami and Dorsa Fatourehchi, 2020); from a perspective of multi-tier supply chains
(Shayganmehr et al., 2021); criteria based on entering a new market vs expanding in the
existing market (Rezaei et al., 2016) and policies (Khan et al., 2018). Regardless
“performance” aspect is the most studied in sustainability rating system academic literature.
Another unique aspect quantified in literature is the supplier environmental sustainability
potential through “capabilities and willingness” (Rezaei et al., 2022). However, there are
very few pieces of literature that combine supplier’s performance and compliance
(capabilities) together for the rating system. Rating the compliance is essential, because it is
an indicator of the long-term success of the supplier’s sustainability performance. This study
aims to rate the suppliers based on the two aspects as separate dimensions, giving a holistic

view about the supplier’s position.

A few decades prior when there were no performance measurement standards, (Lee and
Billington, 1992) highlights that companies did not monitor their suppliers regularly and the
metrics did not directly align with the customer’s expectations. In the present day, due to
sustainability reporting requirements such as CSRD, the customer’s expectations on
sustainability performance measurement across the value chain are aligned and informed. In
addition, with the double materiality assessment and audits, the most crucial sustainability
topics a firm must address are recognized. Therefore, each firm can define the plethora of
criteria that are impactful to them and utilize it in the supplier rating system to replicate
compliance across the upstream supply chain. Hence it is recognized that having a supplier
rating system unique to the company is more impactful than utilizing generic rating systems

available in the market.
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An interesting point is that many studies have claimed that using the same performance
measuring criteria across an entire supplier base is not fair and accurate. Not every criterion
is valid to suppliers from different industries (El Saadany, Jaber and Bonney, 2011). For
example, measurement of solid waste from production is not applicable to chemical suppliers
but it is for metal or plastic part suppliers. Additionally, when comparing performance,
through ranking or rating it only makes sense to compare suppliers from one industry
together because based on supplier’s industry the processes and raw materials used vary
widely directly impacting sustainability performance. While a general supplier sustainability
performance measuring rating system is enough to present a general idea, it would be
impactful to have customizations per supplier’s material class. The inability to address this
customization has hindered many studies from developing a rating system that is suitable for
a complete supplier base with suppliers from many different backgrounds and instead has
always been limited to suppliers from one industry. This research aims to address this gap
by developing a mechanism allowing the user to select the applicable rating criteria based

on supplier’s material class.

Moreover, an important aspect of a rating system is the data quality and verification.
Majority of literature does not address the data verification aspect. The way to detect whether
the supplier data is accurate and quality is to check for verification documents and see if the
values are within a realistic range. In the rating systems provided by third-party vendors, as
well as in many supplier rating and development programs established by industry giants, a
team of analysts reviews data, verifies documents, and detects outliers. However, an
automated approach is ideal, as it is not practical for every company to dedicate a separate
team to data verification, especially given the complexity of supplier bases with large
number of entities involved. Therefore, this paper also aims to incorporate an automated data

verification method to address this challenge.
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5.4.2 Models

Supplier rating is often approached as a decision-making problem in literature, most
commonly using Multi-Criteria Decision-Making (MCDM) models (Khan et al., 2018). As
the name suggests, MCDM methods are used to quantitatively select an alternative
considering multiple criteria. Analytic Hierarchy Process (AHP) is an MCDM approach that
is often used in literature for supplier ranking and rating systems (Handfield et al., 2002).
AHP models rates and ranks each criterion and alternative based on relative priority assigned
considering the role of the criteria and alternative to achieve a single objective (Handfield et
al., 2002). It is a powerful yet simple tool to understand. The Analytic Network Process
(ANP) is an extension of the Analytic Hierarchy Process (AHP) that accounts for
interdependencies and feedback among criteria and alternatives in the rating and ranking
process, whereas AHP relies solely on a hierarchical structure (Coskun, Kumru and Kan,
2022). It is more complex than AHP and often is said to be more suitable for practical
applications due to the feedback loops. However, AHP and ANP models are labor intensive
and rely on subjective managerial opinions, because an expert (Manager) or a sample of
experts must individually assign relative importance to criteria and alternatives. Among the
MCDM methods AHP and ANP are few of the only models that allows both criteria weight
calculation and alternative ranking. Recent literature often employs a combination of
separate methods to calculate criteria weights and rate alternatives, aiming to improve

accuracy.

The Best-Worst Method (BWM) is one of the popular methods to calculate the criteria
weight before rating alternatives. BWM generates weight for each criterion based on the
relative position of the criteria compared to the best and worst criteria (Rezaei, 2015). BWM
is a novel branch in MCDM, which requires less data compared to some other MCDM
models but produce reliable results (Rezaei et al., 2016). Another popular model which
improves criteria weight calculation is the Decision-making Trial and Evaluation Laboratory
(DEMATEL) technique which use cause and effect relationships to understand the hidden
influence of factors (Ho, L. et al., 2012; Hsu et al., 2013). If there are criteria that are

contradicting, DEMATEL is a great approach to resolve the complexity.

The criteria weight calculation models are paired with either Technique for Order Preference

by Similarity to Ideal Solution (TOPSIS) (Ahmadi et al., 2020; Fallahpour et al., 2020;
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Govindan and Sivakumar, 2016), Elimination and Choice Translating Reality (ELECTRE)
(Rezaei et al., 2022), visekriterijumska optimizacija i kompromisno resenje (VIKOR)
(Awasthi and Kannan, 2016) or Preference Ranking Organization Method for Enrichment
Evaluations (PROMETHEE) (Tuzkaya et al., 2009) MCDM models to rate and rank the
alternatives. TOPSIS rates the alternatives based on the distance to the best and worst
alternative, ELECTRE uses an out-ranking based method, VIKOR utilizes compromise
between group utility and individual regret and PROMETHEE uses a preference-based
pairwise ranking. All these methods are resource intensive where each alternative either must
be ranked or rated against other alternatives. While they utilize expert opinion which ensures
quality and relevance to each individual company, practically they are not the best options
to use if the supplier base is large. Instead, literature recognizes other MCDM models which
are not resource intensive. For example, Data Envelopment Analysis (DEA) ranks
alternatives by calculating the relative efficiency using input data and output function
provided (Dobos and Vordsmarty, 2014). Or simple Weighted Point Score method is
practical, efficient and effective (Chen, Yeh and Yang, 2004).

Data collection for MCDM methods is not always quantitative. Therefore, variations of the
above models combined with fuzzy logic are very prominent in literature. For example,
Fuzzy modification of ANP, FuzzyVIKOR (FVIKOR), Fuzzy TOPSIS, Fuzzy DEMATEL
and Fuzzy AHP (Awasthi and Kannan, 2016; Fallahpour et al., 2020; Govindan and
Sivakumar, 2016). Utilization of fuzzy logic infusions are suitable when exact measuring

parameters are not available for the metrices (Coskun, Kumru and Kan, 2022).
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6 Research Methodology

Literature commonly frames rating systems as Multi-Criteria Decision Making (MCDM)
problems. Accordingly, this study also employs a hybrid MCDM approach to develop the
supplier rating system. A hybrid method involves the integration of multiple MCDM
techniques to leverage the strengths of each. The decision to use a hybrid method was driven
by the specific requirements of the study, which are explained in detail in the subsequent
sections of the methodology. The development of the rating model followed a six-step

process, as illustrated in Figure 2 below (Coskun, Kumru and Kan, 2022).

Identify the
criteriatobe Determine
used in the the weights
rating of the criteria
system

Defining the
rating

Developing
the score
card for each
criteria

Developing Develop the
the rating model and

System equation test

framework

Figure 2. Methodology

6.1 Defining the rating system framework

The supplier rating system developed in this study consists of two dimensions,
environmental sustainability performance and environmental sustainability compliance. The
purpose of incorporating these two dimensions is to assess both the current state of a
supplier’s performance and the long-term propagation of the performance respectively.
Therefore, rather than combining the two dimensions to a single score, they are treated as
independent axes, with ratings calculated separately for each. Both axes will follow the same
framework for the rating calculation, simplifying the overall model. However, the execution

is handled separately.

The first step in developing the methodology for the rating system is to identify an
appropriate framework. The framework provides the structure for the following stages of the
Multi-Criteria Decision-Making (MCDM) approach including criteria identification, criteria

weight calculation and score card development. To determine the most suitable rating system
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framework for this study, a plethora of MCDM techniques identified from literature were

analyzed.

The selected MCDM method must satisfy three key conditions: (1) it should be applicable
to evaluate an existing supplier base rather than for supplier selection, (2) it must compute
each supplier’s individual performance, (3) it should enable automated computation with
minimal human involvement, and (4) the framework must be suitable for both numerical and

textual criteria.

The Analytic Hierarchy Process (AHP) and ELECTRE methods both rely on pairwise
comparisons using expert judgement to rate the relative importance of alternatives
(Handfield et al., 2002; Rezaei et al., 2022). These methods are unsuitable for large number
of alternatives, as manual comparisons are time consuming and vulnerable to cognitive bias.
Furthermore, conducting such pairwise comparisons regularly for performance evaluation is
not practical. Additionally, ELECTRE is an elimination-based decision-making method,
whereas the goal of this study is not to eliminate suppliers but to assess and understand their
performance level. Considering these limitations, the AHP and ELECTRE methods were

excluded from consideration.

The PROMETHEE method, unlike AHP and ELECTRE, employs an automated pairwise
comparison method for the alternatives. It applies preference functions to the performance
differences between alternatives, weights them based on the importance of each criterion,
and aggregates the results to calculate outranking flows. These flows indicate the extent to
which an alternative outranks or is outranked by others (Tuzkaya et al., 2009). This technique
is designed to identify the best alternative based on outranking relationships. However, the
aim of this study is not to select the best supplier, but to provide a performance rating for
each supplier. In addition, the PROMETHEE method is only suitable for numerical criteria.
Therefore, the PROMETHEE method was also deemed unsuitable.

The Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method ranks
alternative based on their distance from the positive ideal (best values) and the negative ideal
(worst values) (Ahmadi et al., 2020; Fallahpour et al., 2020). It assumes the highest and
lowest values in the dataset represent the best and worst ideals respectively. However,
supplier-submitted values may fall within acceptable ranges even if they are the lowest

among the datasets. Automatically treating such values as the worst would misrepresent
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supplier performance, especially when those values meet the company's standards.
Therefore, this method is more suitable for selecting the best supplier rather than evaluating
the supplier’s performance. Additionally, since the rating system developed in this study is
not limited to numerical criteria, its application in both dimensions of the rating system will

be difficult.

Weighted sum method (WSM) and weighted product method (WPM) are MCDM techniques
that can be used to calculate supplier’s relative performance or individual performance based
on the criteria scoring method. WPM is a multiplicative MCDM technique that computes
the overall score by multiplying criterion values raised to their respective weights. (Mulliner,
Malys and Maliene, 2016). This method is suitable for multi-dimensional decision problems
where criteria have different units and cannot be normalized. It is not widely used due to the
complexity in interpretation and the inability of the framework to handle zero and null

values.

On the hindsight, WSM is ideal for single-dimensional decision problems with multiple
attributes. It is simple, transparent and widely used in industrial contexts (Handfield et al.,
2002). In WSM, the relationship between criteria is additive: each criterion score is
multiplied by its weight, and the results are summed to reflect their overall impact on the
objective (Mulliner, Malys and Maliene, 2016). Furthermore, its ease of interpretation makes
it suitable for communication with stakeholders. Given the study’s requirement for a
decision model which computes suppliers’ individual performance, the need for low human
intervention, the emphasis on interpretability, and the ability to process both numerical and
textual criteria, WSM was selected as the most appropriate framework for evaluating both

environmental sustainability performance and compliance.

Following the adaptation of the WSM framework, the next steps involve identifying the
relevant evaluation criteria, determining their respective criteria weights and developing the

scoring system.
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6.2 Identifying the criteria

Next step in developing the rating system is to identify the criteria that will be used to
quantify the supplier environmental sustainability performance and compliance. When
selecting these criteria, it is essential to consider the double materiality assessment and
specific context of the company’s industry, because the supplier sustainability rating must

reflect the suppliers’ impact on the company’s main sustainability related issues.

The literature recognizes several approaches for criteria selection, including referencing
previous research (Fallahpour et al., 2020; Shayganmehr et al., 2021), drawing on existing
rating systems (e.g., BREEAM, LEED, Green Star, EcoVadis) (Ali-Toudert and Ji, 2017;
Esmaeil Zarghami and Dorsa Fatourehchi, 2020), conducting simple expert interviews
(Fallahpour et al., 2020), and using the Nominal Group Technique (NGT) (Awasthi and
Kannan, 2016). While referring to previous research or existing rating systems help to define
general criteria, these may not address the company’s needs. In contrast expert interviews

and NGT with company experts are better suited for developing company specific criteria.

The NGT is a structured method for group brainstorming. It involves gathering a group of
experts, allowing them to individually generate a list of criteria that they think is suitable for
the rating system. Then in a round-robin sharing session each member presents each criterion
in their list to the group, following with discussion if clarifications are required. Then the
participants individually vote or rank the criteria. Using this data the best criteria for the
rating system are decided (Awasthi and Kannan, 2016). However, since this method relies
on the knowledge and perspectives of individual experts, they may overlook essential
general factors. In addition, the NGT requires a considerable amount of time for execution.
Due to the demanding schedules of the experts within the case company, organizing a

dedicated workshop for NGT was practically feasible.

Instead, a hybrid method combining a literature review and expert interviews was adopted
in this study. First a base list of criteria related to environmental sustainability performance
and compliance was developed from the literature study. This list was then refined and
expanded through discussions with company sustainability specialists and quality and risk
managers. The company experts were informed to make sure the criteria can be used for the
complete supplier base and also ensure alignment to the company’s double materiality

assessment and industry context.
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These discussions also highlighted a few key operational challenges in supplier data
collection from previous experience that the company needed to be addressed in the design
of the rating system. Experts mentioned that past experiences—such as manual evaluations
conducted during CBAM-related reporting revealed frequent issues with data accuracy and
consistency, indicating concerns about data quality in a completed automated process.
Additionally, the need for documentary verification of supplier data was emphasized. As a
result, data quality and data verification were also added to the compliance criteria list in the
rating system. Rather than assessing these factors separately, they were integrated into the
matrix to provide a more holistic view of suppliers’ compliance and to facilitate easier

comparison.

Accordingly, Table 1 presents the finalized criteria used to represent the two axes of the

supplier environmental sustainability rating system in this study.

Table 1. Finalized Criteria of the Rating System

Environmental Sustainability Environmental Sustainability compliance
Performance rating criteria rating criteria

Average Emissions per unit of Are there verified sustainable goals,
b material (COze /Kg) ¢ plans or targets

Percentage of energy consumed Does the supplier possess mandatory
b2 from renewable sources © environmental permits

Percentage of recycled water used Does the supplier have a Hazardous
b in production © Waste Management System

Percentage of recycled material Does the supplier have an
b used in production C Environmental Management System

Average percentage of waste .
. ' Does the supplier have an Energy
Ps  generated per unit of material used  Cs
. ' Management System
(Material Efficiency)
Data Verification (Has the supplier
Cs  provided verification documents for

the data provided)

C;  Data quality
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6.3 Calculating the weights of the criteria

Based on double materiality assessments, industry contexts, and audit results, the impact of
each criterion on the company’s sustainability goals varies. Therefore, assigning equal
importance to all criteria would be inappropriate. In this step of the methodology, the weights

of the selected criteria are determined.

As mentioned before, since the two dimensions of the rating system; environmental
sustainability performance and environmental sustainability compliance are independent,
two separate rating functions are used. Consequently, the weights for each axis must be
computed individually. These weights are constant within the framework, requiring a one-

time calculation.

Literature presents several methods for calculating criteria weights in rating systems. One
commonly used method involves normalizing expert ratings or rankings, often applying
additional weighting based on each respondent’s level of expertise. Usually, this method
involves sharing a questionnaire with the selected sample of experts, asking them to rate or
rank the importance of each criterion. This method is simple and easy to execute. While this
approach is simple and easy to implement, it lacks a structured decision-making framework
and can be influenced by bounded rationality and the cognitive limitations of the respondents
(Handfield et al., 2002). If more comprehensiveness and objectivity is required, scientific

approaches are recommended.

Best Worst Method (BWM) and AHP are among the most widely used scientific techniques
for criteria weight calculation (Handfield et al., 2002; Rezaei, 2015). BWM requires fewer
pairwise comparisons than AHP, as each criterion is only compared to the best and worst
criteria. However, for a more comprehensive comparison AHP is preferable. Despite AHP’s
ability to be used in comprehensive comparisons, it can be cumbersome if the number of
criteria is large. Key benefits of using AHP are that it is relatively easier to explain to people
who are novel to the concept, ability to assess consistency in responses and availability of
free user-friendly tools for the data collection (Handfield et al., 2002). However, methods
such as AHP and BWM criticized in literature due to their reliance on subjective input which
can result in bias results. To overcome this, some studies opted for statistical methods for

weight calculation.
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ENTROPY and Criteria Importance Through Inter-criteria Correlation (CRITIC) are two
objective weighting techniques that do not require decision-maker’s input. In ENTROPY
method, calculates weights by considering the variations of data under that criterion. The
Entropy method assigns higher weights to criteria with greater variability across the dataset,
under the assumption that such criteria offer more discriminative power (Khan et al., 2018).
The CRITIC method combines both the standard deviation and inter-criteria correlation to
assign weights. In this method criteria with high variability and low correlation with others
are considered more informative (Krishnan, 2025). These techniques are data driven,
objective, efficient and require less resources compared to other methods. However, these
methods have limitations such as lack practical reasoning which stems from expertise and
strategic priorities, the uncertainty of quality results since the quality of dataset cannot be
guaranteed, cannot account for organizational goals or contexts and cannot be easily

interpreted by non-technical stakeholders.

In this study the rating system is developed for application in an industrial setting to support
corporate sustainability goals in the value chain, expert judgement that reflects strategic
goals is essential. Moreover, the method chosen must be transparent and easily interpretable
by stakeholders. Therefore, this study uses the AHP technique to calculate the weights of the
criteria, as it offers a balanced approach integrating expert input within a structured and

scientifically validated framework.



28

6.4 Developing the score card for each criterion

The next step in the rating system development is to design the scorecards for each criterion.
The scorecard specifies value ranges and/or textual contexts and their corresponding scores,
which serves as the framework for assigning scores to the supplier’s performance. The
following subsections describe how the scorecards for each criterion were defined for the

two axes in the rating system.

6.4.1 Scorecards of Environmental Sustainability Performance Criteria

Criteria under the Environmental Sustainability Performance axis are all numerical and
continuous. Many literatures identify direct scoring methods such as PROMETHEE and
TOPSIS which utilize relative performance of suppliers based on pairwise comparisons or
relative to best and worst performance for the scores in numerical criteria. However, since
this study aims to rate each supplier’s individual performance, instead of direct scoring,
scorecards developed using industry benchmarks, expert opinions and industry standards
were used. The score range for all criteria was from 1 to 10. 0 was assigned to suppliers who

did not measure the criterion.

To determine the most appropriate method for developing the score cards, it was first
necessary to identify which criteria are affected by the material class of the component (e.g.
plastic, aluminium, glass). Certain environmental sustainability metrics, such as emissions
and amount of hazardous waste released, vary significantly based on the material used.
Therefore, applying a single scorecard to all suppliers, regardless of the materials they work

with would lead to unfair evaluations.

As this rating system is designed to assess suppliers across a diverse range of industries, it
was critical to differentiate between material-dependent and material-independent criteria.
Accordingly, following discussions with sustainability specialists and quality and risk
management experts at the case company, it was decided that the following criteria are
influenced primarily by operational and technological decisions rather than material type.

Therefore, a single, general scorecard is sufficient for evaluating all suppliers.
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1. Percentage of energy consumed from renewable sources (P2)
2. Percentage of recycled water used in production (P3)
3. Percentage of recycled material used in production (P4)

4. Average percentage of waste generated per unit of material used (Material

Efficiency) (Ps)

Since the scorecards for the above criteria are developed based on the expert opinions and

prior data collected by the case company, they are not published in this document.

For emissions (P), the standards and benchmarks vary based on the material class.
Therefore, a score table was created, where ranges of average emission per unit for each
component material class were defined for each score. These ranges were developed based
on global emission factors for component categories within the electrical manufacturing

industry.

Emission factors are representative values linking pollutant emissions to the activities
responsible for their production (U.S. Environmental Protection Agency, 2025). Since these
factors are activity-specific, it is essential to use the emission factors published for
components used in the relevant industry. Different sources publish emission factors defined
for global, regional and local use. Given that this study focusses on suppliers from different
regions and countries, global emission factors were used. Emission factors are derived
scientifically from publicly available data and generally represent worst-case scenarios,
meaning actual emissions tend to be lower than these values. Therefore, the emission factor
value was assigned a score of either 3 or 4 with subsequent value ranges determined
accordingly. The emission factors for this study were sourced from the Ecoinvent platform,
a paid database. Ecoinvent database includes emission factors for component categories
based on the lead manufacturing company’s industry. Since it is a paid database, data cannot

be published free in public. Therefore, these details are not published here
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6.4.2 Scorecards of Environmental Sustainability Compliance Criteria

The criteria under the Environmental Sustainability Compliance axis include both textual

and numerical criteria. Specifically,

Ci1  Are there verified sustainable goals, plans or targets

Cs  Does the supplier have a Hazardous Waste Management System

Textual
. . Criteria
Cs  Does the supplier have an Environmental Management System
Cs  Does the supplier have an Energy Management System
C>  Does the supplier possess mandatory environmental permits
. ) Numerical
Cs  Data Verification o
Criteria

C;  Data quality

From the numerical criteria, C¢ and C7 are secondary criteria that are calculated using the
data provided by suppliers to other criteria. The scorecards for these two criteria were
developed using the best- and worst-case scenario as the highest and lowest scores and rest
of the values were determined accordingly. The scorecards of the C, numerical criterion and
Ci, C3, Cs, and Cs textual criteria were built based on the possible supplier responses. The
data collection and model implementation sections will elaborate on how each of these
criteria were approached to determine the supplier’s value. The score range for all criteria

was from 0 to 10.

The criterion Cs is based on the number of verification documents attached by the suppliers.
The score is allocated based on the percentage of verification documents submitted by the
supplier from the total number of verification documents required. The score is assigned

based on the score card below:
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Table 2. Score Card for Document Verification Criterion (Ce)

Minimum value | Maximum value Score

0 % 0
1% 10 % 1
11 % 20 % 2
21 % 30 % 3
31 % 40 % 4
41 % 50 % 5
51% 60 % 6
61 % 70 % 7
71 % 80 % 8
81 % 90 % 9
91 % 100 % 10

A detailed scoring scale was developed for Criterion Cs to ensure even small variations in
document submission are captured. This decision was based on the understanding that
omitting even a single verification document can significantly undermine the credibility of
the data provided by the supplier. Therefore, a more granular scorecard was necessary to

reflect the varying degrees of transparency and data reliability.

The criterion C5 is based on the number of non-outlier responses provided by suppliers for
the criteria in the performance axis. In industry practice, data quality is commonly assessed
through visual methods such as box plots or manual verification by experts. However, given
that this rating system is designed for a large and diverse supplier base spanning multiple

countries and industries, manual verification is not practical.

Following discussions with experts from the case company, it was decided that the most
effective approach to automatically identifying outliers is to compare supplier responses
against other suppliers from the same region and material class. This is because factors such
as sustainability regulations, energy sources, access to renewable energy, and water
availability tend to be consistent within a region. As such, suppliers operating under the same
regional conditions and producing components from the same material class should not

exhibit significantly different performance values.



32

To implement this comparison, two statistical methods were considered, namely, Z score
analysis and Interquartile range (IQR) method. The Z score method identifies outliers by
defining the acceptable range as the mean + 3 standard deviations. While effective for
normally distributed data, this method is not ideal for the current study, as the distribution
of the collected data cannot be assumed to be normal. Therefore, the IQR method was
selected as a more robust alternative. The IQR approach identifies outliers based on the 25
percentile (Q1) and 75" percentile (Q3), with values outside the range of Q1 — 1.5 x IQR
and Q3 + 1.5 X IQR considered outliers.

To apply this method, each supplier was first categorized based on their respective country
and material class combination (country x material class). For each of the five criteria under
the Environmental Sustainability Performance axis, the supplier data was then filtered by
every unique (country x material class) and the values were sorted in ascending order. Within

each filtered subset, the IQR, upper limit, and lower limit were calculated using the following

equations:

IQR = Q3 — Q1 (1)
Upper Limit = Q3 + (1.5 x IQR) )
Lower Limit = Q1 — (1.5 x IQR) 3)

After the upper and lower limits were determined for each (country % material class) subset
and for each criterion under the Environmental Sustainability Performance Axis, these
thresholds were applied corresponding to the supplier’s (country x material class) to check
whether the submitted values qualified as non-outliers. The IQR method is effective for
assessing the data quality because thresholds are automatically adjusted based on the
regional performance of the suppliers from a material class. This enables the case company
to identify suppliers with abnormal or inconsistent responses and verify their validity if
needed. The corresponding scorecard assigns scores based on the number of "non-outlier"
values a supplier provides. Since the maximum number of criteria evaluated is five, a
supplier receives a score of 10 if none of the values are outliers, and a score of 0 if all five

are outliers.
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Table 3. Score Card for Data Quality Criterion (C7)

How many '""non-outliers" Score
5 10
4 8
3 6
2 4
1 2
0 0

The basis for scoring for the criteria C> was the percentage of mandatory environmental
permits acquired by the supplier. The required permits vary by the supplier’s industry and
region. Currently the case company does not have information regarding the compulsory
permits required by the suppliers. Therefore, suppliers were asked to specify how many
mandatory permits are applicable to them and how many of those have been acquired. The
regulatory compliance value is then calculated by dividing the number of acquired permits
by the total number of mandatory permits. The score is assigned according to the ranges

specified in the scorecard below in Table 4.

Table 4. Score Card for Regulatory Compliance Criterion (Cz)

Minimum Value | Maximum Value Score
0 0
0.01 0.10 1
0.11 0.20 2
0.21 0.30 3
0.31 0.40 4
0.41 0.50 5
0.51 0.60 6
0.61 0.70 7
0.71 0.80 8
0.81 0.90 9
0.91 1.00 10




34

Possessing the mandatory permits is essential from the case company’s point of view.
Therefore, a detailed scoring scale was implemented to capture even the slightest variations

in permit acquisition.

Criteria C3, C4, and Cs assess whether the supplier has a hazardous waste management
system, an environmental management system, and an energy management system,
respectively. These criteria were evaluated based on the supplier's yes/no responses
indicating the presence of each corresponding system. Accordingly, a straightforward

scorecard was developed to reflect these binary responses as shown in Table 5.

Table 5. Score Card for the Criteria C3, C4 and Cs

Answer Score
Yes 10
No 0

Criteria C; assesses whether the supplier has verified environmental sustainability
goals/plans/targets. Suppliers were first asked whether they have such goals (yes/no),
followed by a secondary question, if they answered “yes” asking whether these goals are
verified. The possible responses to the follow-up were: yes, no, or don’t know. A scorecard
was developed to assign scores based on all possible answer combinations to these two

questions as shown in Table 6.

Table 6. Score Card for verified Environmental Sustainability goals/plans/targets Criterion

(@)
Has plans/goals/targets Verified Score
Yes Yes 10
Yes No 5
Yes Don't know 5
No 0

It was determined that having sustainability goals, regardless of verification, is preferable to
not having any goals at all. However, goals that are not verified or where the supplier does
not know their verification status are considered less credible than verified goals. Therefore,

these two cases were assigned the same, but lower, score compared to verified goals.
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6.5 Developing the rating equation

Following the framework of Weighted Sum Method (WSM) chosen for this study, supplier’s
Environmental Sustainability Performance rating (ESPR) and Environmental Sustainability

Compliance Rating (ESCR) were calculated using the following equations.

5

Environmental Sustainability Performance Rating = Z Wp, X Sp, 4)
i=1
7
Environmental Sustainability Compliance Rating = z We, X Sc; (5)
j=1
Where:
Wp, Weight of the performance criteria P;
Sp; Score received by the supplier for the criteria P;
i Performance Criteria number
Wcj Weight of the compliance criteria C;
SC]. Score received by the supplier for the criteria C;
j Compliance Criteria number

As introduced in section 6.2, there are five performance criteria and seven compliance
criteria. The weighted sum of each set of criteria determines the respective rating. Each rating
ranges from 0 (lowest) to 10 (highest), reflecting the supplier’s overall environmental

sustainability performance and compliance.



36

6.6 Developing the Rating System Model and Model Testing

The ultimate goal of this rating system is to support its application in an industrial context,
enabling stakeholders to make quantitatively informed decisions regarding supplier
relationships and development initiatives. Therefore, it is essential to ensure that the model

is both accurate and intuitive to understand and use.

Using the rating framework described above, an algorithm was developed in Microsoft Excel
to automate the calculation of the Environmental Sustainability Performance Rating (ESPR)
and the Environmental Sustainability Compliance Rating (ESCR). Microsoft Excel was
chosen as the development medium due to its robust inbuilt functions, ease of algorithm
development, and widespread familiarity among stakeholders, which makes adoption and

implementation within organizations more practical.

To support decision-making, an interactive dashboard was created within the Excel
environment to provide a visual representation of the supplier ratings. Instead of displaying
supplier’s ESPR and ESCR separately, a scatterplot was used to show the ratings in parallel,
with ESCR on the x-axis and ESPR on the y-axis. This parallel visualization was chosen for
its ability to simplify information processing. For instance, differences between suppliers
who have similar performance ratings, but differing compliance ratings become immediately
apparent. Visualizing both scores simultaneously enables faster and more effective
comparison, aiding strategic decisions such as supplier selection, risk assessment, and
development planning. In addition to comparing the performance of countries in
Environmental Sustainability on average, stacked column charts for the average ESPR and
ESCR were added. Stacked column charts were used instead on bar charts specifically
because there are sourcing categories that include suppliers from different material classes.
Therefore, when the user wants to analyze environmental sustainability performance by the
sourcing category, it is essential to indicate the average by the material class, so the user gets

an idea on which material class impacts the sourcing category rating the most and least.

The developed model was tested using a simulated dataset, considering the confidentiality
of the actual data of the case-company. The simulated dataset was created to test all possible

scenarios of the supplier answers. Each case was addressed in the model development stage.
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7 Data Collection

Data for the Analytic Hierarchy Process (AHP) used in the weight calculation was collected
from experts, while performance data for the model was gathered directly from suppliers.

The data collection methodologies for both groups are elaborated in the following sections.

7.1 Data Collection for AHP

7.1.1 Process

The weights determined by the AHP process must accurately reflect the environmental
sustainability strategies and goals of the case-company. Therefore, it was essential to gather
input from a representative expert sample that includes all key functions involved in
supplier-related sustainability matters. Therefore, the expertise of the sample was expanded
beyond only sustainability experts to quality and risk management and procurement
functions. Quality and risk management experts were included for their experience in audits
and sustainability risk evaluation, while procurement experts were selected due to their
involvement in addressing sustainability reporting requirements from both customers and
regulatory authorities. Accordingly, a sample of six experts was selected from the case-
company. The sample comprised one sustainability expert, one quality and risk management
expert and four procurement experts. This distribution reflected the relative availability of

employees in each domain within the organization.

To facilitate the collection of pairwise comparison data, the AHP Excel template developed
by Simon Barnard was selected (Barnard, 2012). This template supports pairwise
comparisons for up to 15 criteria, including an integrated consistency checker, and provides
guidance and example sheets to aid understanding. Considering the well-structured content
and the user-friendly design, this template was deemed suitable for this requirement. to
create separate sheets for the criteria under the Environmental Sustainability Performance
and Environmental Sustainability Compliance dimensions. Additionally, a criteria guidance
sheet was included for reference, which explains the meaning of each criterion of the two

dimensions.
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Given that the pairwise comparison matrix can be complex to understand alone, an online
workshop was organized. During the session, the purpose of the exercise was explained, and
a detailed overview of the AHP methodology and proper approach to pairwise comparison
was provided. Utilizing a live workshop helped in aligning the goal of the AHP analysis
across the experts and ensure consistency and accuracy. After the session, the designated
templates were distributed to the experts, who were given a deadline to complete and return

their responses.

As the Excel template does not support aggregation of multiple expert inputs, the AHP
analysis was conducted using the Analytic Hierarchy Process Software by SpiceLogic.Inc
(SpiceLogic. Inc, 2007). The Analytic Hierarchy Process Software by SpiceLogic.Inc is a
widely used AHP tool that allows the creation of structured decision models, including the
addition of hierarchical criteria and the aggregation of multiple responses both online and
offline. For this analysis, first the data from the completed templates was recreated in the
Analytic Hierarchy Process Software as separate projects (response projects) for both
dimensions. For this study, individual response projects were created in the software for each
expert under both dimensions. Two master projects; one for the Environmental
Sustainability Performance dimension and one for the Environmental Sustainability
Compliance dimension were then created. Each master project included the respective

criteria and was used to aggregate the individual expert responses.

The software also enables assigning weights to individual expert inputs to reflect the relative
importance of their contributions. Based on discussions with the case company, it was agreed
to assign the highest and lowest priorities to sustainability and procurement expertise
respectively. The final expert weighting scheme used in the aggregation is presented in Table

7 below.

Table 7. Weights assigned for the Expertise for AHP aggregation

Expertise Weight No. of experts Weight per expert
Sustainability 50% 1 50%
Quality and Risk

30% 1 30%
Management
Procurement 20% 4 5%
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Following the expert-specific weight assignment, the individual responses were aggregated
using the software. The Analytic Hierarchy Process Software automatically conducted the
calculations and generated the final criteria weights. The results were then exported in Excel

and PDF formats for further analysis and documentation.

7.1.2 Final Criteria Weights

Following the AHP analysis, the weights of criteria under Environmental Sustainability
Performance and Environmental Sustainability Compliance dimensions are in Table 8 and
Table 9 respectively. The finalized criteria weights were added as input to the rating model

developed in excel.

Table 8. Environmental Sustainability Performance Criteria Weights

Environmental Sustainability Performance rating criteria Weight

Py Average Emissions per unit of material (COze /Kg) Wp, 32.9%
P> Percentage of energy consumed from renewable sources ~ Wp, 35.1%
P3;  Percentage of recycled water used in production Whp, 7.1%
P4 Percentage of recycled material used in production Whp, 14.7%
P, Average percentage of waste generated per unit of W, 10.2%

material used (Material Efficiency)

Table 9. Environmental Sustainability Compliance Criteria Weights

Environmental Sustainability Compliance rating criteria Weight

Ci1  Are there verified sustainable goals, plans or targets We¢ 12.5%

1

Does the supplier possess mandatory environmental
C: , We, 22.5%
permits

Does the supplier have a Hazardous Waste Management
Cs We, 19.5%
System
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Environmental Sustainability Compliance rating criteria Weight

Does the supplier have an Environmental Management
Cs We, 14.6%
System

Cs  Does the supplier have an Energy Management System We 10.2%

5

Data Verification (Has the supplier provided verification
Cs , We, 10.9%
documents for the data provided)

C7;  Data quality We 9.8%

7

7.2 Supplier data collection

Although a simulated dataset was used for model testing in this study due to confidentiality
reasons, it was essential to design the supplier data collection template. This was necessary
for several reasons: firstly, specific questions were defined to gather the required data for
calculating values for the criteria. Secondly, the scorecards were aligned with the response
options provided in the supplier data collection template. Thirdly, because the model is
designed to be automated, Power Queries were designed, aligning with the data collection
template to automatically update the supplier data in the rating model. The simulated dataset
was also formatted according to the supplier data collection template to ensure that the model

aligns well with the template.

The case-company utilizes a third-party vendor for supplier registration and data collection
purposes. The platform allows the company to create and distribute questionnaires to
suppliers for data or information collection requirements and the registered suppliers can
login and complete the allocated questionnaires. The company can set a submission deadline
for the suppliers, and the questionnaire supports various question types, including text,
numeric, multiple-choice, and single choice, with or without attachments. Additionally, the
company can make specific questions mandatory to ensure suppliers respond to all required
items. Once the deadline has passed, the company can download the response summary in
Excel format. For the rating model data collection, the company uses the same third-party

service provider with a questionnaire titled ‘Environmental Sustainability Data Collection’
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questionnaire. To integrate the data into the rating system model, a Power Query was
designed to load the data directly from the downloaded Excel file provided by the third-party

vendor system.

Excel requires numeric values for calculations, so the data used for rating calculations must
be recorded in numeric format in the downloaded Excel file. Converting text to numbers
through queries is not possible. While all questions in the data collection process are
mandatory, there may be instances where suppliers do not measure certain criteria in the
performance axis. In such cases, suppliers need a way to indicate this. Entering a value like

(1313

‘0’ could mislead calculations if the actual value is zero, and allowing a entry would
make the answer text-based, which is incompatible with the calculations. To resolve this, a
two-step approach was implemented; first, for all performance criteria, a single choice
yes/no question was first asked to determine whether the criterion is measured. If the supplier
answered ‘yes’, they were directed to a second sub-question that accepts only numeric

responses for entering the value.

For the environmental sustainability compliance-related questions, the following structure
was used to ensure clarity and compatibility with the rating model. For criteria C3, C4, and
Cs, suppliers were asked single choice yes/no questions to confirm whether they have the
corresponding management systems in place. For criterion Ci, suppliers were first asked
whether they have environmental sustainability goals (yes/no). If they responded ‘yes’, a
follow-up single-choice question was presented to determine whether these goals are
verified. For criterion Cz, the supplier was initially asked how many mandatory
environmental sustainability-related permits apply to them (numerical input), followed by a
second numerical question asking how many of those permits they have acquired. To make
sure that the supplier understands what is meant by mandatory permits and/or specific
management system, a description and examples were mentioned with the corresponding

questions.

Additionally, for all questions where suppliers were required to provide specific values,
indicated possession of certain management systems, or verified environmental
sustainability goals, they were asked to upload supporting documents. The presence of these
attachments serves as verification of the responses provided. Information about whether a
supplier has attached documents corresponding to an answer is included in the response

Excel file downloaded from the supplier data collection platform.
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8 Model Design

This section explains how the algorithms underlying the supplier rating model were
developed using Microsoft Excel to meet the objectives of this study. The rating model
consists of three main components: input sheets, calculation sheets, and output sheets. Figure
3 illustrates the structure of each of these components. The following subsections detail the
algorithmic design used to link these components and automate the functioning of the rating

model.

Figure 3. Design of the Rating System Model

8.1 Input Sheets

The rating model operates based on four primary inputs: (1) criteria weights derived through
the AHP process, (2) criteria relevancy indicating which criteria are relevant for each
supplier material class, (3) the master data sheet containing all supplier-related input data
prepared for scoring, and (4) scorecards that define the scoring logic for the supplier data.
The algorithms designed to structure the above defined inputs into the rating model are

elaborated in the next subsections.
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8.1.1 Criteria Weights

Weights of the criteria are a crucial input for the model. To support this, a dedicated input
sheet named ‘Criteria Weights’ was created, where users can enter the weights for all criteria
under both the Environmental Sustainability Performance and Compliance dimensions. In
this study, the weights derived from the Analytic Hierarchy Process (AHP) were entered into
this sheet. However, if the company’s goals or sustainability strategies change in the future,
users can easily update the priority weights in this sheet without needing to alter the rest of

the model.

8.1.2 Criteria Relevancy

Not all criteria are applicable to every material class. For instance, hazardous waste
management may not be relevant to certain component processes. Including such non-
applicable criteria in the rating system could result in biased or inaccurate evaluations for
those suppliers. To address this issue, the rating system incorporates a supplier’s material
class based adjustable criteria weighting mechanism. This mechanism ensures that only

relevant criteria are considered for each supplier’s assessment.

To execute this mechanism, first, two input sheets were developed namely ‘Criteria
Relevancy (Performance)’ and ‘Criteria Relevancy (Compliance)’. In each sheet the user
can select the relevancy of the corresponding criteria through check boxes as illustrated

below in Figure 4 and Figure 5 respectively.

Steel Plastic Aluminium
Emissions
Energy Consumption (% of renewable energy)
Recycled water use (% of recycled water use)
Recycled material use (% of recycled material) O
Material Efficiency (Waste generated per unit of material used)

Figure 4. Criteria Relevancy (Performance) Sheet



Steel Plastic
Sustainability improvement plans/goals/targets
Supplier Regulatory Compliance
Hazardous waste management system O
Environmental Management System
Energy Management System
Data verification
Data quality

Figure 5. Criteria Relevancy (Compliance) Sheet
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Aluminium

(RN < I BN < RN < B <

Each relevancy sheet can accommodate as many material classes as necessary. In this study,

the model was tested using three sample material classes: therefore,

illustration displays only these three.

the accompanying

When one or more criteria are deemed irrelevant for a given material class, the original

weights must be adjusted to exclude the impact of those criteria. To address this, two

additional sheets ‘Adjusted Criteria Weights (Performance)’ and ‘Adjusted Criteria Weights

(Compliance)’, were developed. These sheets automatically recalculate and redistribute the

weights of the remaining relevant criteria proportionally, ensuring that the total weight

remains consistent and that the evaluation remains objective and fair. Figure 6 and Figure 7

below illustrate the structure of the Adjusted Criteria Weights sheets.

Plastic Weight Relevancy
Emissions 38 % 1
Energy Consumption (% of renewable energy) 28 % 1
Recycled water use (% of recycled water use) 6 % 1
Recycled material use (% of recycled material) 15 % 1
Material Efficiency (Waste generated per unit of material used) 13 % 1

1 1
Steel Weight Relevancy
Emissions 38 % 1
Energy Consumption (% of renewable energy) 28 % 1
Recycled water use (% of recycled water use) 6 % 1
Recycled material use (% of recycled material) 15 % 0
Material Efficiency (Waste generated per unit of material used) 13 % 1

1 0.852

Figure 6. Adjusted Criteria Weights (Performance)

Adjusted weight

38 %
28 %
6 %
15 %
13 %

Adjusted weight
45 %
33 %
7%
0%
15 %



45

Plastic Weight Relevancy Adjusted weight
Sustainability improvement plans/goals/targets 18 % 1 21 %
Supplier Regulatory Compliance 14 % 1 17 %%
Hazardous waste management system 15 % 0 0 %
Environmental Management System 17 % 1 20 %
Energy Management System 8 % 1 10 %
Data verification 14 % 1 16 %
Data quality 14 % 1 17 %%

100 % 0.346 100 %
Steel Weight Relevancy Adjusted weight
Sustainability improvement plans/goals/targets 18 % 1 18 %
Supplier Regulatory Compliance 14 % 1 14 %
Hazardous waste management system 15 % 1 15 %
Environmental Management System 17 % 1 17 %%
Energy Management System 8 % 1 8 %
Data verification 14 % 1 14 %
Data quality 14 % 1 14 %

100 % 1 100 %

Figure 7. Adjusted Criteria Weights (Compliance)

The cells in the “Weight’ column are dynamically linked to the corresponding criteria weight
cell in the ‘Criteria Weights’ Sheet. As a result, any updates in the Criteria Weights sheet
are automatically replicated here. Similarly, the ‘Relevancy’ column pulls its values from
the associated checkboxes in the Criteria Relevancy sheets, ensuring consistency across
inputs. The adjusted weight column displays the proportionally recalculated weight for each
criterion, based on its relevancy to a specific material class. Although the figure above
presents adjusted weights for only two material classes as an example, users can expand the
structure to accommodate as many material classes as required, depending on the diversity

of the supplier base.

Since the adjusted weight format shown in the figures above is too complex to be used
directly in Excel formulas for final rating calculations, a simplified compound table is
generated in each Adjusted Criteria Weights sheet. This table consolidates the adjusted
weights of all material classes into a single, easy-to-reference format. Each cell in the
compound table is linked to the corresponding adjusted weight, and this consolidated table
serves as the reference for assigning the correct criteria weights in the rating calculation,

based on each supplier’s material class. Figure 8 and Figure 9 illustrate the compounded
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tables of the adjusted criteria weights for performance and compliance dimensions

respectively.
Material Effici Wasti
L Energy Consumption (% Recycled wateruse (% of Recycled materialuse (% aterla iciency (, aste
Emissions . generated per unit of
of renewable energy) recycled water use) of recycled material) .
material used)
Plastic 38% 28% 6% 15% 13%
Steel 38% 28% 6% 15% 13%
Aluminium 45 % 33% 7% 0% 15%
Figure 8. Adjusted Criteria Weight Table (Performance)
Sustainability Supplier Hazardous waste Environmental Energy Data
improvement Regulatory management Management Management verification Data quality
plans/goals/targets Compliance system System System
Plastic 16 % 28 % 0% 18 % 13% 0% 12%
Steel 13% 23 % 20% 15% 10% 11% 10%
Aluminium 16 % 28 % 0% 18 % 13% 14 % 12%

Figure 9. Adjusted Criteria Weight Table (Compliance)

This feature enables the rating system to be applied across the entire supplier base, rather
than being limited to supplier groups within the same industry. Additionally, it provides
users with the flexibility to exclude the impact of specific criteria if they are no longer

aligned with the company’s strategies or goals.

8.1.3 Master Data Sheet

The Master Data sheet has a compilation of supplier data for each criterion, ready for scoring.
This data is in the format required to be directly referred to the corresponding scorecards to
determine the supplier’s score for each criterion. To develop the Master Data sheet both
primary and secondary data were required. Primary data consists of data collected directly
from suppliers and the case-company through external sources, while secondary data refers
to data generated by processing the primary data within rating model excel. The following
subsections explain how the primary and secondary data are integrated to the rating model

excel to create the Master Data sheet.
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8.1.3.1 Primary Data

First all raw input data required for the rating model was identified to determine the external
data sources. Accordingly, two main categories of input data were found to be necessary for
calculating secondary data and compiling the final performance values. The first category
includes environmental sustainability data required from the suppliers to measure their
performance against each criterion. The second category comprises supplier demographic
details required for the calculation process of data quality and facilitate supplier

comparisons.

All environmental sustainability data were collected using the ‘Environmental Sustainability
Data Collection’ questionnaire. For supplier demographic details, the specific information
required by the rating system was first identified. For the process of determining whether
submitted values were statistical outliers, data on each supplier’s country and material class
are necessary. Additionally, for the results analysis, the inclusion of the sourcing category
which the supplier belongs to (defined by the case company), country and material class was
identified as essential. Comparing suppliers within the same material class is critical for
objective evaluations, as environmental performance indicators such as emissions and
material efficiency can vary significantly between material classes. Since the company
organizes its supplier base according to categories defined internally, incorporating this
information enables a clearer understanding of environmental sustainability performance at
the category level. Following this analysis, discussions with the case company confirmed
that the required supplier demographic data was already available within internal systems.
Therefore, internal company data sources were used to populate the supplier demographic

inputs.

To retrieve data from the two external sources into the Rating Model Excel file, a Power
Query was used. The third-party application that collects supplier data generates a response
summary in Excel format, and the company’s internal data source can also export the
required demographic details in Excel format. Therefore, using Power Query is the most
efficient method for automatically loading these data points into the rating model. It allows
updates to the Excel sheets to be easily reflected in the model, providing convenience for the
user. The source of data for the power query was purposefully made to be SharePoint folders.

This allows users from any place with access to the specific SharePoint folder to load the
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dataset and run the model. This also ensures that all decision makers receive the same data

ensuring the same output across the company.

A total of three queries were created to aggregate data from the two external Excel files. The
first query loads the supplier demographic dataset and cleans it by removing empty columns
and rows. The second query loads the Excel response sheet exported from the third-party
supplier data collection platform. In addition to loading the data, this query cleans the content
by removing empty rows and columns, renaming column headers to match the corresponding
criteria names, and formatting all columns according to the required data types (e.g.,
percentage, numeric, or text). As explained in section 7.2, the data for each of the
Environmental Sustainability Performance criterion was collected using two questions; the
first asks whether they measure the criteria, and if they answer 'yes,' they are directed to a
follow-up question where they specify the numerical value. If a supplier answers 'no' to the
initial question, the corresponding numerical field remains blank in the processed data within
second query. In addition, for the Data Verification Criteria, it was necessary to count the
number of attachments submitted by each supplier and add this information as a new column
to the dataset. In the response sheet, if a supplier has uploaded any documents, the attachment
names (e.g. attachment.pdf’, attachment.jpg’) appear in the same cell as the answer.
Therefore, an M code was written to first separate the supplier’s textual answer from the cell
content and then count the number of attachments submitted by each supplier. These counts
were then added as a new column in numeric format, indicating the number of attachments

for each supplier.

The third query merges the outputs of the first and second queries using the supplier’s name
to create a consolidated supplier data table. A custom column was added to compute the
combination of each supplier’s country and material class (country x material class), which
is required for data quality calculation functions. The final supplier data table includes: the
answers submitted by suppliers in the format necessary for further processing, the supplier’s
country, material class, sourcing category, the combined country-material class, and the

number of attachments.

These three queries were loaded into a Data Model instead of directly into the Excel
worksheet to enable faster data refreshment. From the data model, the merged dataset
(supplier data table) is brought into the worksheet (Supplier Data Sheet) as a pivot table.

This supplier data table can be referenced to cross-check the original supplier responses. If
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any updates are required, the user only needs to make the necessary changes in the original
Excel files and refresh the data model in the Rating Model Excel file. This will automatically
update the Supplier Data Sheet used by the algorithm.

8.1.3.2 Secondary Data

The supplier performance values for criteria Cz, Ce, and C7 are derived from the data on the
supplier data sheet. The following subsections provide a detailed explanation of how the

performance values for these criteria were calculated.

Supplier performance value for the Regulatory Compliance criteria (C)

Criterion Cy’s performance represents the percentage of mandatory environmental
sustainability permits acquired by the supplier. The supplier data sheet consists of the values
submitted by the supplier for the number of mandatory environmental sustainability permits
they must acquire and the number of permits they have already acquired. To calculate the
performance value for criterion Cz, the number of permits the supplier has already acquired
is divided by the total number of mandatory environmental sustainability permits they are

required to acquire.

Supplier performance value for the Document Verification criteria and (Ce)

The performance value for the criterion Ce represents the percentage of verifications the
supplier has provided out of the total verification documents required. The supplier data
sheet includes the number of verification documents attached by the supplier. To calculate
the performance value for criterion Cs, the attachment count specified in the supplier data
sheet is divided by the total number of relevant criteria from both the performance and

compliance axes, excluding the data verification and data quality criteria.

Supplier performance value for the Data Quality criteria (C7)

The performance value of C7 indicates how many of the values submitted by the supplier for

the five performance criteria are outliers. This is determined through a three-step process:

Step 1. Identify the upper and lower limits of acceptable values for each (country x

material class) category
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Step 2. Verify whether each value submitted by suppliers for the five environmental

sustainability performance criteria falls within the acceptable value range

Step 3. Count how many of the submitted values are acceptable and adjust the count

to account for any discrepancies in criteria relevancy.
The algorithms designed to fulfill each step are elaborated below.

First step is to identify the upper and lower limits of the acceptable values for each criterion,
a new sheet named ‘Data Quality Range’ was created. This sheet lists the unique (country x
material class) values from the Supplier Data Sheet in rows, allowing us to calculate and
define the acceptable value range for all five Environmental Sustainability Performance

criteria.

A function was then designed to filter the data in the supplier data sheet based on the
corresponding country x material class specified in column A. For each filtered dataset, the
Interquartile Range (IQR), upper limit, and lower limit were determined using the
QUARTILE.EXC function for all five criteria in the Environmental Sustainability
Performance dimension. Figure 10 displays part of the computed Data Quality Range sheet.

Emission Energy C ion (% of Recycled water use (% of recycled Recycled materialu?e (% of ge::::i:; :Z:c::?gc:f(:;T:al
Country X Material renewable energy) water use) recycled material) used)
Class
R0t oot bt | " bound  bownd | " bt bound | "™ b bond | ™™ bound  bouns
ChinaPlastic 1.550 -0.675 5.525 0.340 -0.313 1.048 0.243 -0.256 0.714 0.503 -0.464 1.546 0.435 -0.488 1.253
EstoniaPlastic 8.600 -11.500 22.900 0.233 -0.084 0.846 0.300 -0.380 0.820 0.205 -0.125 0.695 0.560 -0.658 1.583
FinlandPlastic 0.600 0.400 2.800 0.430 -0.615 1.105 0.605 -0.788 1.633 0.520 -0.683 1.398 0.088 0.061 0.411
FrancePlastic 1.100 0.275 4.675 0.135 0073 0.613 0.130 0.093 0613 0.215 0.030 0.8%0 0.165 0.018 0.638
IndiaPlastic 3.425 -4.063 9.638 0.178 0.124 0.834 0.085 0.123 0.463 0.420 -0.498 1.183 0.170 0.145 0.825
ItalyPlastic 0.000 2.500 2.500 0.000 0.300 0.300 0.000 0.360 0.360 0.000 0.850 0.850 0.000 0.420 0.420
NorwayPlastic 1.600 -0.800 5.600 0.270 -0.395 0.685 0.090 0.135 0.495 0.410 -0.585 1.055 0.060 0.100 0.340
TurkeyPlastic 1.500 -1.750 4.250 0.100 0.110 0.510 0.430 -0.465 1.255 0.340 -0.235 1.125 0.095 0.173 0.553
ChinaAluminium 0.600 0.900 3.300 0.130 0.070 0.5%0 0.000 0.100 0.100 0.235 -0.205 0.735 0.000 0.150 0.150
IndiaAluminium 1.700 -0.100 6.700 0.300 -0.100 1.100 0.075 -0.045 0.255 0.380 -0.360 1.160 0.100 0.060 0.460
ChinaSteel 1.540 -0.650 5.510 0.218 -0.046 0.824 0.080 0.163 0.483 0.083 0.131 0.461 0.385 -0.225 1.315
EstoniaSteel 1.350 -0.375 5.025 0.343 -0.384 0.986 0.160 0.030 0.670 0.170 -0.225 0.455 0.180 -0.080 0.640
FinlandSteel 0.510 0.835 2.875 0.600 -0.650 1.750 0.330 0.035 1.355 0.290 0.035 1.195 0.298 -0.091 1.099
FranceSteel 0.400 1.500 3.100 0.435 -0.473 1.268 0.195 0.165 0.945 0.340 0.000 1.360 0.185 -0.043 0.698

Figure 10. IQR, Upper limit and Lower limit of each criterion for supplier Country X

Material Class category

Excel includes two quartile calculation functions, namely, QUARTILE.EXC and
QUARTILE.INC. For this algorithm QUARTILE.EXC function was chosen over
QUARTILE.INC because in QUARTILE.EXC method excludes the highest and lowest
numbers when defining the IQR. The goal of using the IQR method is to detect values that
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are significantly smaller or larger than the rest of the data for a specific (country x material
class). Including the highest and lowest values would adjust the IQR and potentially fail to

detect outliers.

The next step is to determine whether the values submitted by the supplier are outliers, i.e.,
which falls outside the defined acceptable value range. To achieve this, a few adjustments
were made to the supplier data sheet to address practical issues. One key issue is how to
handle cases where a supplier submits a value for a criterion that is irrelevant to their material

class.

As explained in section 8.1.2, the user can select which criteria are relevant for each material
class. When the supplier completes the questionnaire, they are unaware of the relevancy of
criteria for their specific material class and may therefore submit values that will appear in
the Supplier Data Sheet. Just as the irrelevance of a criterion automatically nullifies its
weight in the final rating, ensuring that it does not impact the environmental sustainability
performance rating, it is also important to adjust the input data for outlier detection by
removing irrelevant criteria. Without this adjustment, the supplier’s performance value for
the C7 criterion could be compromised, as it would be evaluated based on irrelevant criteria.
Since irrelevant criteria have no bearing on the rating, whether the supplier submits a normal
or outlier value for these criteria does not matter. Therefore, irrelevant criteria must be
omitted from the outlier detection process. Accordingly, instead of the Supplier Data Sheet,
a separate sheet named ‘Data Quality Input Sheet’ was created. This sheet links to the values
of criteria Ci, Cz, C3, C4 and Cs from the Supplier Data Sheet, with a function where: if the
criterion is not relevant to the supplier’s material class, it returns ‘NR’ (Not Relevant); if

relevant, it returns the corresponding value from the Supplier Data Sheet.

The Data Quality Input Sheet, with the relevancy-adjusted values, was then used as the input
for the outlier detection process. In the outlier checking sheet, a function was created to
verify whether each submitted value for the environmental sustainability performance
criteria falls within the acceptable range. This is based on the upper and lower limits defined

for the supplier’s (country x material class) in the Data Quality Range sheet.

The function first checks if the value is marked as ‘NR,’ in which case it returns ‘NR.’ If the
cell is blank (i.e., the supplier didn’t measure the value), it returns ‘NA.’ If a value is present,

it detects the supplier’s (country x material class), indexes it to the corresponding row in the
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Data Quality Range sheet and compares the value to the defined upper and lower limits. If
the value is within the acceptable range, it returns ‘Normal’; otherwise, it returns ‘Outlier.’
Conditional formatting was applied to highlight the outliers, ‘NA’ and ‘NR’ values in the

sheet for easy reference. Figure 11 shows the Outlier Checking sheet.

Material Efficiency (Waste

Country X MC Supplier Emissions Energy ¢ (% of Recycled wateruse {%of  Recycled materlal use (% of generated per unit of material
renewable energy) recycled water use) recycled material) used)
ChinaPlastic RST Normal NA Normal Normal Normal
ChinaPlastic 215 Normal NA Normal Normal Normal
ChinaPlastic 237 Normal Normal Normal Normal Normal
ChinaPlastic 242 Normal Normal Normal Normal Normal
ChinaPlastic 750 Normal Normal Normal Normal Normal
ChinaPlastic 265 Outlier Normal Normal Normal Normal
EstoniaPlastic NOP Normal Normal Normal Normal Normal
EstoniaPlastic 0OPQ Normal Normal NA Normal Normal
EstoniaPlastic XYZ NA Normal Normal Normal Normal

EstoniaPlastic 245 Normal Normal Normal Normal Normal

Figure 11. Supplier Data Quality Sheet

The final step in computing the performance value for criterion C; involves counting the
number of 'Normal' records and adding the number of irrelevant criteria to it. The reason for
adding the number of irrelevant criteria is that if a criterion is not relevant to a material class,
it would be unfair to reduce the data quality rating for that criterion. Therefore, for the data
quality performance value, the total number of 'Normal' records is counted, and any non-

relevant performance criteria are added to this count.

Finally, the Master Data Sheet is created by compiling both primary and secondary data,

ensuring that the performance values for all suppliers are in the required format for scoring.

8.1.4 Scorecards

The final input to the rating model consists of the scorecards for each criterion. Two score
sheets are created in the Rating Model Excel file, one for each dimension 'Score Sheet
(Performance)' and 'Score Sheet (Compliance)'. Each score sheet includes the scorecards for
the corresponding criteria, which serve as the framework for scoring the supplier’s
performance based on the values in the Master Data Sheet. The scorecards for each criterion
are defined as described in section 6.4. The company has the flexibility to modify the

scorecards according to their objectives. Over time, as suppliers’ sustainability performance
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improves with new technologies and regulations, the scorecards may need to be updated to
ensure they reflect the current context and objectively rate the suppliers. Therefore, the

company can use these sheets to make necessary adjustments to the scorecards.

8.2 Calculation Sheets

In the previous section, all the necessary inputs for calculating the supplier’s scores prepared:
supplier performance values for all criteria in the Environmental Sustainability Performance
and Compliance dimensions, and the Criteria Score Cards. These inputs are processed in the
calculation sheets. Two new sheets, named ‘Supplier Score (Performance)’ and ‘Supplier
Score (Compliance)’, were created to compute each supplier’s score for the relevant criteria
in the respective dimensions. The MATCH function in Excel was used to align the supplier
performance values from the Master Data Sheet with the appropriate score in the scorecards,

thereby determining the corresponding score for each criterion.

8.3 Output Sheets

The model generates two outputs for each supplier: the Environmental Sustainability
Performance rating and the Environmental Sustainability Compliance rating. These ratings
are presented in both tabular and visual formats. The algorithms used to generate and present

these outputs are explained in detail in the following subsections.

8.3.1 Supplier Environmental Sustainability Rating Table

The SUMPRODUCT function in Excel was used to calculate each supplier’s Environmental
Sustainability Performance Rating and Environmental Sustainability Compliance Rating.
This was done by taking the sum-product of the corresponding criteria weights from the
Adjusted Weights sheets and the criteria scores from the Supplier Score sheets. The resulting
ratings were compiled into a table that includes the supplier’s sourcing category, country,
and name for reference. This table allows users to identify the exact rating value for any

supplier, accurate to two decimal places.
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8.3.2 Supplier Environmental Sustainability Rating Dashboard

The dashboard was created as a visual output to represent each supplier’s Environmental
Sustainability Performance and Compliance Ratings and the average environmental
sustainability of countries. As described in section 6.6, the dashboard consists of two
sections. A two-axis matrix, where the x-axis represents the compliance rating and the y-
axis represents the performance rating was used to plot each supplier using their respective
compliance and performance ratings as coordinates. Stacked Column charts were used to
display the average Environmental Sustainability Performance Rating and Compliance

Rating per country and material class.

To build the dashboard, a copy of the Supplier Environmental Sustainability Rating table
was created to serve as the data source. This duplicate table enables the use of slicers,
allowing users to filter suppliers by country, sourcing category, and material class directly
in the matrix. Using a copy ensures that filtering only affects the dashboard, while the

original table remains intact and accessible on a separate sheet for reference.

The interactive dashboard was developed using VBA. In the scatter plot each supplier is
shown on the matrix with a distinct marker style representing their country. Since
comparisons are only meaningful within the same material class or sourcing category, these
unique country markers help users visually compare suppliers by country within a selected
class or sourcing category. The markers are labelled with the supplier’s name to recognize
the supplier. It allows us to identify potential patterns of environmental sustainability based
on the sourcing country. Additionally, when the user hover above a data point in the plot,
the user is able to see the exact values of the compliance and performance ratings of that
supplier as the x and y coordinates respectively. While the scatter plot allows us to compare
individual suppliers and identify performance patterns by country, it does not provide a
comprehensive view of regional contributions. The stacked column charts, on the other hand,
enable comparison of the average environmental sustainability performance and compliance
across countries, helping decision-makers identify which regions have lower environmental
impacts within each sourcing category or material class. A refresh button linked to the VBA
macro is provided to update the graph whenever slicers are adjusted. Figure 12 below

displays the dashboard of the Rating Model tested with simulated data.
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Figure 12. Supplier Environmental Sustainability Rating Dashboard

To maintain a clean and user-friendly interface, all supporting sheets, except for the Master
Data Sheet, Criteria Relevancy Sheets, Supplier Environmental Sustainability Rating Table,
and Dashboard Sheet are hidden. However, users can unhide any sheet if needed to modify

values such as criteria weights, scorecards, or to inspect individual supplier scores.



9 Model Summary

Figure 13 below summarizes the excel implementation of the model.

POWER QUERY

PRIMARY DATA

Adjusted
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Sheet
Supplier Rating
Table
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Input for Data
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Figure 13. Summary of the Rating Model Excel Algorithm
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10 Model Implementation

The Rating Model Excel is designed with formulas and functions extending up to 50,000
rows, allowing it to accommodate a large supplier base if necessary. Although a typical
supplier base consists of a maximum of around 500 suppliers, the model is capable of

handling significantly more.

To implement the rating system, the case company should first distribute the Environmental
Sustainability Data Collection Questionnaire to its suppliers via the designated third-party
supplier communication platform. After the submission deadline, the user must export the
responses to the Excel format supported by the platform and place the response file into the
designated SharePoint folder connected to the Power Query in the Rating Model Excel. It is
important to ensure that the file name of the response sheet matches the name referenced in

the query.

If there are any changes to a supplier's country, sourcing category, or material class, update
them in the corresponding Country and Category Excel file in the SharePoint Folder. If there
are new supplier registrations or any removals since the last model run, update the list

accordingly and save the file.

Next, open the Rating Model Excel and refresh the data model. If criteria relevancy needs to
be updated for any material class, adjust them using the checkboxes in the Criteria Relevancy
Sheets. Any updates to criteria weights or scorecards can also be made in the Criteria

Weights or Score Sheet sections, respectively.

Once the data is refreshed, the Supplier Rating Table will update automatically. To get the
visual output, the user should go to the ' Dashboard ' sheet, apply the desired filters, and click
the ‘Refresh Graph’ button to display the updated supplier performance and compliance

ratings.

Finally, to maintain a record of supplier ratings for the current year, the user can export the

Supplier Environmental Sustainability Rating Table and Dashboard as a PDF.
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11 Model Testing

The rating model was tested using simulated data. The simulated supplier response dataset
replicated all potential scenarios of supplier responses such as submitting abnormally large
or small values, non-logical answers, with and without attachments etc. The simulated
country and category dataset was designed to include suppliers from various countries,
sourcing categories, and material classes. It also included a subset of suppliers from a single

sourcing category but with mixed material classes.

The model successfully produced the ratings. It correctly identified outliers, addressed
anomalies in supplier-submitted values, handled suppliers from different material classes,
and indicated each supplier’s overall environmental sustainability performance. Once the
data was updated in the supplier response sheet and the country and category sheets, it took

only a few seconds to refresh the data model and update the dashboard graphs.

Additionally, the SharePoint folders were shared with a few employees of the case company
and were asked to navigate the rating model and comment on the user-friendliness and
interpretability of the model. It was found that even with minimal Excel knowledge the users
could easily navigate and interpret the model. Its automation features made it particularly
convenient, as data could be updated in just a few steps without the need for manual copy-
pasting. The use of Power Query connections to SharePoint folders ensured consistent

outputs across all users, while the interactive dashboard presented the most relevant insights.
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12 Discussion

The Environmental Sustainability Rating Model developed in this study is an automated and
user-friendly tool, suitable for use across an entire supplier base that includes suppliers from
diverse backgrounds. The outputs of the model were able to indicate the company with two
critical information: (1) the individual performance of each supplier, which supports
decisions regarding long-term relationships, and (2) an overview of which regions have the

lowest environmental impact within sourcing categories, which informs sourcing strategies.

The aim of the rating system was to act as an indicator to recognize suppliers which can
hinder the company's sustainability goals and involve in discussions to uncover the
fundamental reasons for the lack of engagement in environmental sustainability, such as
investment constraints, knowledge gaps, or limited resources. Based on this understanding
and the strategic importance of the supplier, the company can choose to engage in supplier
development programs and provide support where necessary or seek for new supplier

relationships.

Accordingly, the results from the simulated dataset showed that the model was able to
effectively indicate the supplier's position. Testing the interpretation capabilities of the
model with employees demonstrated that the output of the rating system enabled the user to
identify underperforming suppliers and initiate discussions around areas requiring

improvement based on specific low-scoring criteria.

Moreover, the user can save the annual rating results in the excel format over time and track
supplier performance to evaluate improvements. As sustainability adds value, the ratings can
also be leveraged during price negotiations. Finally, the average ratings per region graphs
recognize supplier countries with lower environmental impacts based on sourcing categories
or material classes, aiding future supplier selection and sourcing strategies of the company.
From a reporting standpoint, the ratings can serve as evidence of the company's commitment

to maintaining Scope 3 environmental sustainability standards.

The study also revealed that for environmental sustainability calculations a supplier’s
material class and country are essential data points. Therefore, companies should strive to

maintain basic supplier information that includes these two elements. While supplier country
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is typically recorded in databases due to shipping and lead-time considerations, material
class data is often missing, as it is primarily relevant for sustainability purposes. In some
cases, it may be difficult to categorize a component into a single material class when its
composition includes multiple materials. In such instances, it is recommended to assign the

component to the material class that is most prevalent.

Another important insight gained during the development of the rating model is the critical
importance of supplier engagement. Suppliers often receive similar data requests from
multiple customers. Even when suppliers have the information companies need, they often
avoid filling out questionnaires if the process feels inconvenient or time-consuming.
Therefore, companies must design questionnaires from the supplier's viewpoint, making
them straightforward and quick to complete. In addition, support from sourcing or category
managers such as follow-up emails will be necessary to further encourage supplier

participation.

However, the model has a few limitations. The model designed in this study is within the
technology and system limits of the case company. Therefore, unless the implementing
entities possess a similar system architecture, the model could be difficult to be integrated.
Ideally, a document scanning tool should be used, or the attached documents should be
manually verified. Yet document scanning tools require significant investment, which did
not align with the case company's budget. Manual verification of documents submitted by
many suppliers is also impractical. As a workaround, the number of documents attached is

counted, and random document checks are performed for quality control purposes.

Additionally, the model does not support data entered in different units. While the supplier
questionnaire specifies the exact units expected for responses, it would be convenient for the
suppliers if the model could accommodate a method for handling different units.
Additionally, the model also does not support suppliers who provide components from more
than one material class. The third-party vendor used for supplier data collection does not
allow suppliers to submit more than one response, which prevents them from submitting
separate entries for different material classes. In such cases, data must be collected separately

and manually added to the relevant Excel files.
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13 Conclusion

It is essential to look at business beyond economic transactions, extending the focus to
include reducing social and environmental impacts. Companies today face increasing
financial risks due to penalties for emissions, reputational damage, loss of operating rights,
and declining investor interest when sustainability is not prioritized (Rezaei et al., 2016).
Additionally, ensuring sustainability also has strategic benefits such as competitive
advantage in the market (Shayganmehr et al., 2021). Therefore, it is essential to make sure
that sustainability is given major consideration in business operations. Among all business
operations, ensuring sustainability in the supply chain is a critical point. This is because the
supply chain deals with external entities with different priority levels regarding
sustainability. Therefore, ensuring the same sustainability standard across multiple tiers in a

value chain is not easy.

In a producer-driven supply chain, the customer has the most power, and taking proactive
steps to ensure sustainability within the first-tier supplier base creates ripple effects
throughout the value chain (Piotrowicz and Cuthbertson, 2015). And it must go beyond the
supplier selection phase to continuous evaluation and monitoring to ensure the maintenance
of the standards over time (K@hkonen, Lintukangas and Hallikas, 2018). For this reason, it
i1s time to integrate sustainability into supplier rating systems, going beyond traditional

metrics such as price, lead time, and quality (K&hkonen, Lintukangas and Hallikas, 2018).

The excel based environmental sustainability supplier rating model developed in this study
is fully automated, user-friendly, and replicable. It evaluates suppliers across two
dimensions: a performance dimension, which reflects the supplier’s current standing in terms
of environmental sustainability, and a compliance dimension, which assesses whether the
supplier has the foundational frameworks to sustain and improve performance over time.
The model collects performance values for the criteria used in the model from suppliers,
supplier demographic details from the company database, criteria weights determined using
the Analytic Hierarchy Process (AHP), and scorecards designed to align with the company’s
standards, producing supplier’s environmental sustainability compliance and performance

ratings in both tabular and dashboard formats.
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The model includes several features to address practicalities in a company setting. It allows
the evaluation of the entire supplier base simultaneously by enabling users to modify the
relevancy of criteria based on the supplier’s material class, ensuring fair assessments across
diverse material categories. Additionally, the statistical data accuracy confirming method
detects outlier values submitted by suppliers, ensuring the quality of the output. Moreover,
since the scorecards used in this model are defined internally with company benchmarks the
rating reflects how suppliers perform against the company’s expectations. The design is
adaptable: scorecards and criteria weights can be updated as the company’s goals and

strategies evolve, making the model highly flexible.

An interactive dashboard visualizes each supplier's position on a two-axis matrix and shows
the average country-wise ratings by material class. The matrix enables users to identify
suppliers who perform well currently but may lack long-term viability (i.e., low compliance),
those who perform poorly in both areas, and commonalities among suppliers from the same
country. This enables the company to engage in meaningful conversations with suppliers on
environmental sustainability and provides ground for negotiation, supplier development, and
relationship management. Moreover, over time, the company can compare and analyze
suppliers’ ratings across multiple years to identify improvements and track progress. Bar
charts showing average ratings per country further assist in making informed sourcing

decisions from an environmental sustainability perspective.

From a practical standpoint, the model's integration with Power Query and SharePoint
folders allows multiple users across different devices to access and update the model while
maintaining consistent outputs. The familiarity and user-friendliness of Microsoft Excel
make it suitable for integration within most company environments. The study also revealed
aneed to enhance the internal company database to include more detailed information about
materials used in supplier components. While a general material class is enough for rating
purposes, a more detailed level would be required for precise environmental impact
calculations. Furthermore, measures to improve supplier engagement are important, because
although many suppliers understand the importance of providing sustainability data, they
often receive similar requests from multiple customers, leading to recurring efforts.
Therefore, data collection processes and questionnaires must be designed with supplier

convenience in mind to increase response rates and ensure high-quality data.
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When purchasers are empowered to make informed decisions about contracting suppliers
with lower environmental impacts, this creates upstream pressure, encouraging broader
adoption of sustainable practices. The model should further expand to include social and
economic aspects as well to give a holistic view. It also holds potential for application in
supplier selection processes, helping companies make decisions that go beyond traditional
metrics. Integrating artificial intelligence technologies could further enhance the model by

generating actionable suggestions and performing advanced analytics on the collected data.

Ultimately, the goal of this research is to take meaningful steps toward enabling companies
to prioritize sustainability in their business practices contributing to a future where

profitability and planetary responsibility go hand in hand.
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