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Abstract: Environmental, social, and governance (ESG) aspects have a growing relevance
in the corporate world where the objective for sustainability becomes an essential point.
The supply chain (SC) is a buyer’s responsibility and accounts for a large part of their
ESG footprint. Since ESG performance extends to SC, poor ESG practices in the SC can
negatively affect the sustainability of the Anchor Company (AC). Therefore, AC, the buyer,
needs to go through a complex, expensive, and time-consuming process to assess their
SC. The objective of this work is to develop an ESG assessment model for companies to
receive a quantitative score of their footprint by considering both their operations and the
SC. The model is verified by considering different scenarios that are designed by testing
two different cases with different interactions between two ACs and two SCs with different
ESG maturity levels. Results show that the SC has a significant impact on the final ESG
score of the AC, highlighting the need for considering the SC to evolve in ESG aspects.
In all tested cases, the SC accounted for more than 50% of the final consolidated ESG
score. Despite differing ESG maturity levels, two ACs received the same consolidated
score due to the influence of their SC scores. Results emphasize that achieving a strong
consolidated ESG score is important, and advanced corporate sustainability is not possible
without integrating the SC into the strategy. The novel methodology proposed contributes
to sustainability, expanding the scope of ESG assessments to include SC and developing a
standardized and adaptable model with practical applications.

Keywords: ESG; sustainability; supply chain; corporate management; quantitative analysis;
ESG ratings

1. Introduction
Sustainability is a complex concept related to the responsibility of the future gen-

erations. This idea has a growing importance especially due to environmental issues
associated with climate change. Nevertheless, this responsibility spreads all over human
society, reaching social welfare and the corporate world. The environmental, social, and
governance (ESG) framework is a collection of strategies that defines the management of
sustainable care. ESG is a trend that incorporates sustainability issues in company strategies
by evaluating the impacts that are made on both planet and society. ESG is becoming an
emblematic symbol of the modern era since it is a high priority for businesses as they must
comply with requirements of sustainability standards and be focused on more than just
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profit [1]. Companies that do not assess ESG are losing competitiveness; nevertheless, on
the other hand, processes are usually high in cost and time consuming. In this regard, it is
important to quantify the ESG footprint to establish proper strategies to evolve with ESG
performance.

An Anchor Company (AC) is a focal company, a buyer, that needs to be supplied
by different companies that constitute its supply chain (SC). This chain can be complex,
involving different market aspects. An SC positively affects the operational performance
of the buyer, which means that a resilient SC is entirely connected with the success of a
company [2]. By considering the ESG momentum and the responsibility for suppliers’
action, it is necessary to work all these aspects down the chain. However, managers are
finding difficulties in dealing with the increasingly complex SC despite adopting a variety
of risk mitigation strategies. In this regard, various kinds of environmental and social
sustainability practices in recent times have been adopted to reduce carbon footprint,
improving a company’s reputation on the social front [3].

Ref. [4] presented an analysis showing that sustainable internal, supplier, and customer
integration fosters both green managerial and process innovations. Findings also suggest
that green managerial innovation has a significant positive influence on the firm’s financial
performance, which enhances the ESG level [5] showed that social SC practices impact
the firm’s social performance. Nevertheless, results indicated that the social element of
sustainable procurement does not affect the firm’s social performance. Social fairness
challenged manufacturing firms to comply with sustainable production and distribution.
Most firms are still not aware of their role and social responsibility to develop the local
suppliers and community. Moreover, incorporating green procurement, logistics, product,
and process design has a positive impact on improving carbon performance. Nevertheless,
green logistics needs improvements to achieve carbon efficiency [6], which are factors
that directly support the shift towards a more sustainable SC, reinforcing the relationship
between the AC with its SC.

Usually, companies affirm that tracing suppliers is costly and does not provide clear
benefits [7]. SC traceability is achieved when the AC verifies and follows the entire opera-
tion from the lowest tier until the final customer, reporting the findings to the community
in order to address all ESG topics and footprint [8]. In addition, corporate obligations
go beyond their operations, and they are held liable for the actions of their suppliers [9].
Furthermore, AC faces significant challenges to track suppliers’ emissions and other sustain-
ability indicators to meet the growing demand for decarbonization and avoid reputational
liabilities through illegal or unethical actions. Suppliers directly impact disruptions ex-
perienced by the AC [10]. For example, suppliers with working conditions analogous to
slavery can make people stop consuming from the AC, and companies that fail to measure
and reduce their total emissions may be less attractive to investors.

On this basis, innovative technologies are being developed to help companies to access
these topics, allowing them to become more consistent and successful. There is a new
industrial revolution era coming through the fast development of artificial intelligence,
data-driven information, machine learning, energy sources, and others, directly affecting
production and operation management [11]. Technology-driven strategies not only improve
operational efficiency and cost management but also advance long-term ESG performance
and sustainability outcomes [12].

Moreover, the adoption of ESG practices to meet the new demands can be challenging
for companies due to the lack of historical data, difficulty in measurement, and the absence
of standardized reporting metrics. To promote an environmentally informed society and
drive real change, ESG standardization, reporting, benchmarking, and rating need to
be improved [13]. There are several frameworks to address this challenge such as the
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Sustainability Accounting Standards Board (SASB), the Global Reporting Initiative (GRI),
the EU Taxonomy, the Carbon Disclosure Project (CDP), and the GHG Protocol, but each of
them has a specific focus, which does not cover all topics and industries, creating different
parameters. Among them, SASB best aligns with the materiality concept and stakeholders’
expectation from sustainable businesses [14].

The main motivation of this work is the urgent factor of sustainable businesses mit-
igating global ESG problems such as climate change, social inequality, and governance
issues. Since it is essentially recognized that the SC is an important part of any AC, a big
effort is required to evaluate their suppliers’ ESG footprint. Moreover, there is very little
knowledge on how AC sustainability is affected by their SC performance, which motivates
novel efforts in this direction.

In this regard, this work proposes a novel strategy to evaluate ESG footprint, incor-
porating SC in the AC analysis, which expands the scope of ESG assessment, covering a
relevant and underexplored area with the potential to make a meaningful contribution
to the literature on supply chain impact on company sustainability performance. This
strategy has big potential repercussions for the production sector that demands a fast,
direct, and low cost ESG evaluation approach. This study develops a standardized and
adaptable model with practical applications that can be used as a guide for companies in
their sustainability strategy, achieving great potential results with innovation. The lack of
related literature endorses the importance of the proposed methodology.

The proposed score is essentially based on the international taxonomy (SASB—
Sustainability Accounting Standards Board). In addition, it employs classical measurements
such as the Human Development Index (HDI) and the Governance Transparency Index
(GTI) in order to incorporate all nuances of ESG aspects. The methodology defines an ESG
score to the AC, to their SC, and an aggregated value, resulting in a consolidated index that
is able to capture the ESG footprint; it is useful as a quantitative index for policymakers,
helping the ESG performance evaluation. As a proof of concept, a scenario analysis is
discussed showing the real impact of the SC score in an AC score, showing all the benefits
and potential risks for both suppliers and the focal corporation. Although it is a general
approach, Brazilian cases are of concern to define indexes. Results show that neglecting the
SC can dramatically alter the analysis of ESG footprint, establishing the need for a proper
evaluation and the capacity of the proposed procedure to incorporate the SC in the analysis.

After this introduction, Section 2 presents the ESG score methodology, showing all
the steps needed for its definition. Afterward, Sections 3 and 4 present the application of
the ESG for different qualitative scenarios, providing an analysis that is useful for a global
comprehension of the proposed methodology. Concluding remarks are discussed at the
end. Supplementary Materials are presented to show details of the information about the
proposed methodology.

2. Methodology
The main objective of this work is to develop a weighted ESG evaluation model

for companies to receive a quantitative score of their operations and their supply chain
footprint. The ESG score is defined for the evaluation of the AC, replicated in the entire SC
to provide a consolidated score. The evaluation on the Sustainability Accounting Standards
Board (SASB) methodology is based on materiality [15–17]. In addition, it incorporates
classical measurements for the social aspects, including the Human Development Index
(HDI), and governance, such as the Governance Transparency Index (GTI). On this basis, it
becomes a representative of all ESG aspects.

Concerning the Sustainability Accounting Standards Board (SASB), ref. [18] stated that
materiality can better inform decisions since it affects the value of ESG scores, performance,
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and rankings. In addition, SASB offers the best path to the materiality concept that aligns
with society’s demand for sustainable businesses and activities [14]. The weights based
on SASB materiality need to have a score for each of the disclosure topics specified, see
Table S2 in Supplementary Materials. The score for each of the topics can be calculated
based on the methodologies discussed in [19–21]. Another possibility could be the usage of
questionnaires; Table S3 in Supplementary Materials presents an example of a questionnaire
and a score output for the environment part. In addition, the company might decide on the
method that best suits their business.

Ref. [19] discussed the ESG ratings based on the EU Taxonomy using related firm data
in tobit regressions. It was stated that a logic of obtaining an ESG rating could be used
to achieve the needed scores. Ref. [20] proposed an indicator grid that specifically moni-
tors and measures the sustainable impacts of the manufacturing companies’ operations,
allowing them to rank and compare their performances; they made a systematic review
of the literature and professional standards to define the material aspects to be evaluated.
Moreover, ref. [21] employed a random forest algorithm to investigate how structural data
affect the ESG scores for companies. As a result, they found that the balance sheet is a
crucial element to the ESG scores. These strategies and methods are examples of how to
obtain the score for each topic that is needed to apply the developed formulas to obtain
the final ESG scores for the companies and SC. Participating companies must complete
this step before using the model and potentially create a database with this information to
facilitate further steps.

The evaluation methods employ specific grids for each sector. The analysis model
must be replicated in the entire SC to provide an ESG score. Moreover, it also presents
a formula to define the weightage to be able to completely assess the entire SC. This is a
novel strategy with big potential repercussions for the production sector that demands a
fast, direct, and low cost ESG evaluation system.

SASB has defined 11 economic sector groups that are divided into 77 subsectors,
shown in Table S1 in Supplementary Materials, defining the relevant issues for them. There
are 26 disclosure topics that are divided into 5 groups, shown in Table S2 in Supplementary
Materials. For every subsector, the relevant issues that are among the 26 options were
established. This work is going to use the 11 economics sectors, which would be defined as
a weight methodology to calculate the ESG score based on the industry materiality aspects
by counting the topics that are important for the subsectors inside the big sectors. Some
limitations might apply, since 11 economic sectors have a macro level view of the industries;
for example, the transportation sector considers both passengers and freight. The flow to
represent the methodology and how to obtain the result are shown in Figure 1.
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2.1. Company Evaluation

After going through an ESG assessment of all topics to obtain the individual score for
each topic, the first step for a company evaluation is to define the weights of each of the
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26 disclosure topics per economic sector based on SASB. The five groups are combined into
three groups: environmental (E), social (S), or governance (G). ‘E’ represents the first group
called ‘environment’; ‘S’ combines the second and third groups called ‘Social Capital’ and
‘Human Capital’, and ‘G’ combines the fourth and fifth groups called ‘business model &
innovation’ and ‘leadership and governance’.

The companies’ score is expressed considering environmental (αE), social (αS), and
governance (αG), which has been developed to cover all sectors with their particularities
by keeping the same parameters for all types of businesses, allowing for comparisons and
benchmarking:

αE,S,G =
∑N

i ti TE,S,G
i

∑N
i ti

(1)

where ti is the weight of each material topic, defined by the occurrence of each of them as
shown in Table 1 for typical cases for different kinds of industry; Ti is the score evaluated
for each material topic. Table 1 also shows the industries and the defined weight for each
disclosure topic and their groups. Each line represents one industry that encompasses a
few subsectors. Each column represents a disclosure topic with the weight of it for each
of the industries. The weight is calculated based on the relevance of the topics for each
subsector. In case it is relevant for more subsectors, the weight is higher for the entire
industry. For example, the consumer goods industry encompasses 7 subsectors; the topic
GE is not material to any of them, resulting in a weight of 1, and the EM topic is material
to 3 of them, resulting in a weight of 4 on that specific topic. The same logic applies to all
sectors and topics.

Table 1. Weights for ESG calculation.

Industry
Enviroment (E) Social(S) Governance (G) TOTAL

(WT)GE AQ EM WW WH EI HR CP DS AA PQ CW SP LP EH EE PD BM SM MS PI BE CB ML CI SR

Consumer Goods 1 1 4 2 1 1 1 2 3 1 6 1 1 2 1 3 6 1 5 2 1 1 1 1 1 1 51

Extrative & Mineral
Proccessing 9 7 4 8 7 7 4 1 1 1 1 1 1 3 8 1 3 3 2 1 1 4 4 4 7 1 94

Financials 1 1 1 1 1 1 1 2 3 2 1 1 5 1 1 3 6 1 1 1 3 5 1 1 1 5 51

Food & Beverage 5 1 8 7 3 2 1 1 2 1 6 7 6 3 3 1 5 1 8 6 1 1 1 1 1 1 83

Health Care 2 1 3 1 2 1 2 1 4 5 7 6 4 1 2 3 3 1 3 1 3 5 1 1 1 1 65

Insfrastructure 3 3 3 4 3 3 1 1 1 4 3 1 1 2 5 1 5 6 1 2 3 3 1 1 3 2 66

Renewable Resources &
Alternative Energy 2 3 4 4 2 3 2 1 1 1 1 1 1 1 3 1 5 1 3 4 2 1 1 2 2 1 53

Resource Transformation 3 3 6 3 5 1 2 1 2 1 4 1 1 1 3 1 6 1 2 4 1 3 1 2 2 1 61

Services 1 1 4 2 1 2 1 2 3 1 2 4 4 2 3 3 1 1 1 1 2 3 2 1 1 1 50

Technology &
Communications 2 1 5 3 3 1 1 4 5 1 1 1 1 2 3 5 4 1 2 5 1 1 5 1 1 3 63

Transportation 7 6 2 1 2 3 1 1 1 1 5 1 1 5 6 1 4 1 2 3 1 2 4 1 7 1 70

Source: adapted from [22].

Based on the ESG scores, it is possible to establish weights to calculate the final
company score that would be the anchor for any of the suppliers; it is calculated as follows:

SC =
(WEαE + WSαs + WGαG)

WT
(2)

where WE is the weight of the environmental, WS is the weight of the social, WG is the
weight of governance, and WT is the total weight, where WT = WE + WS + WG. Each one
of these weights is defined from the material topics ti, as presented in Table 2 that shows
the total weight for each group (environmental, social, and governance) per industry. It
should be pointed out that it is calculated by adding all weights of the disclosure topics
that are part of the group.
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Table 2. Weight for ESG aspects by industry.

Industry Environment
(WE)

Social
(WS)

Governance
(WG)

Total
(WT)

Consumer Goods 10 21 20 51

Extractive and Mineral
Processing 42 22 30 94

Financials 6 20 25 51

Food and Beverage 26 31 26 83

Health Care 10 35 20 65

Infrastructure 19 20 27 66

Renewable Resources
and Alternative Energy 18 13 22 53

Resource
Transformation 21 17 23 61

Services 11 25 14 50

Technology and
Communications 15 24 24 63

Transportation 21 23 26 70

2.2. Supply Chain

The analysis of the supply chain considers the evaluation of each company individu-
ally, weighted by the relevance in the supply chain. Similar to the company evaluation, the
supply chain’s score is defined for environmental (βE), social (βS), and governance (βG)
as follows:

βE,S,G = ∑N
i Ri αE,S,G

i (3)

Based on the ESG score, each SC company has a consolidated score, SCi, using an
expression similar to Equation (2). Afterward, a single score for the supply chain is defined
considering all companies together:

SSC = ∑N
i RiSCi (4)

where Ri = C, I, M, B is the relevance defined based on the contract with the anchor,
divided into four categories: (i) critical, (ii) important, (iii) relevant, and (iv) basic. Each
situation is related to the importance for the anchor company, defining a weight index.
Table 3 presents an example of an index that can be employed for the analysis.

Table 3. Relevance of the company for the SC of the AC based on its contract.

SC Importance Contract Index

Critical (C) 0–14% 0.4
Important (I) 15–39% 0.3
Medium (M) 40–69% 0.2

Basic (B) 70–100% 0.1

2.3. Consolidated Score

After the analysis of the anchor and the supply chain, a consolidated score is defined
considering both the supply chain and the anchor company. This score defines an impact
coefficient that is weighted based on environmental ( PE), social ( PS), and governance
( PG) aspects.
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The environmental impact (PE) is a proxy using the scope emissions. Companies
and industries are big contributors to air pollution, and their GHG emissions are divided
into three categories: scope 1, 2, and 3. Scope 1 considers emissions that occur directly
at the facility or company in question; scope 2 considers the emissions associated with
electricity consumption, and scope 3 encompasses the emissions associated with other
inputs mainly in the SC [23]. Figure 2 shows the distribution of air emission through
the three scopes [23,24]. It is noticeable that Scope 3 emissions (that occur in the SC) are
the main source of a company’s total emission. These points highlight the importance of
measuring, analyzing, reducing, managing, and controlling the SC ESG aspects. On this
basis, it is fair to assume that the ESG footprint follows the same logic, showing that SC is
responsible for a big portion of an enterprise’s footprint, thereby being essential for their
success and decarbonization.
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On this basis, it is possible to assume that the percentage of emissions in scope 3
are going to be replicated in all environmental aspects. Therefore, the following impact
coefficient is defined:

PE = %Scope 3 emissions on the AC sector (5)

The social SC impact (PS) is calculated based on the Human Development Index (HDI).
According to [25], HDI is the widely adopted indicator for measuring sustainable develop-
ment in socio-economy, emphasizing the improvement of human welfare. Therefore, the
social SC impact (PS) is expressed as follows [25]:

PS =
HDSC

(HDSC + HDAC)
(6)

where HDSC is the HDI and the SC based on the location of the matrix/headquarter of the
supplier and HDAC is the HDI of the anchor company based on the location of the matrix.

The governance SC impact (PG) is calculated based on the Governance Transparency
Index (GTI). Ref. [26] employed hierarchical linear models to show that strong Governance
Transparency has a positive impact on a firm’s value, and the following impact coefficient
is employed:

PG =
GTSC

(GTSC + GTAC)
(7)
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where GTSC is the GTI of the SC based on the location of the matrix of the supplier and
GTAC is the GTI of the anchor company based on the location of the matrix.

Table 4 shows the HDI and GTI by Brazilian states in order to calculate both the social
impact coefficient and the governance impact coefficient, which consider the location of the
matrix. Similar indexes can be replicated to any country.

Table 4. HDI and GTI by Brazilian states.

State Code HDI GTI

Acre AC 6.63 6.53
Alagoas AL 6.31 9.75

Amazonas AM 6.74 8.67
Amapá AP 7.08 9.83
Bahia BA 6.60 8.60
Ceará CE 6.82 10.00

Distrito Federal DF 8.24 9.74
Espírito Santo ES 7.40 10.00

Goiás GO 7.35 8.85
Maranhão MA 6.39 8.96

Minas Gerais MG 7.31 10.00
Mato Grosso do Sul MS 7.29 9.93

Mato Grosso MT 7.25 9.74
Pará PA 6.46 5.92

Paraíba PB 6.58 9.83
Pernambuco PE 6.73 9.60

Piauí PI 6.46 7.18
Paraná PR 7.49 9.96

Rio de Janeiro RJ 7.61 7.80
Rio Grande do Norte RN 6.84 9.10

Rondônia RO 6.90 9.60
Roraima RR 7.07 4.91

Rio Grande do Sul RS 7.46 9.72
Santa Catarina SC 7.74 9.21

Sergipe SE 6.65 8.74
São Paulo SP 7.83 9.60
Tocantins TO 6.99 6.96

Source: adapted from [27,28].

Once again, the supplier analysis needs to be weighed based on the relevance of each
company. Moreover, since the SC has multiple suppliers, it is necessary to make an average
of the HDI or the GTI based on each group and then use the same weights for them to
achieve the HDSC (Equation (8)) or the GTSC (Equation (9)):

HDSC = ∑N
i Ri HDi (8)

GTSC = ∑N
i Ri GTi (9)

Finally, a consolidated company score (SESG) is defined using all definitions discussed:

SESG =
[(1 − PE)αE + PEβE] WE + [(1 − PS) αS + PS βS] WS + [(1 − PG) αE + PG βG] WG

WT
(10)

A verification method of the quantitative model is developed by considering a scenario
analysis. This objective of this analysis is to test the proposed approach using tangible
scenarios, establishing a proof of concept for the validity, quality, and applicability of
the model using different possibilities, illustrating the methodology with examples. By
the end of the analysis, companies will have an ESG score, reflecting their footprint, and
they will be able to fully understand, in a quantitative way, the real impact the SC has in
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their operations. The case scenarios will consider hypothetical companies based on real
situations in different sectors by assessing a sample of their suppliers.

3. Anchor Company and Supply Chain Analyses
In order to stress, test, and simulate the procedure, different situations considering

some companies based on real situations are analyzed. Companies’ sector and location
come from a project that is being created for two anchor companies to assess and evaluate
their suppliers with ESG criteria, with a service provider in the climate–tech sector. Real
names are hidden; contract values are arbitrarily defined, and only the industry (sector)
is shown. Two SCs are of concern, and for the sake of simplicity, a small sample of
10 suppliers for each SC is chosen to be a part of the analysis, and the scores for each topic
are representative of the companies. The analysis of the two anchor companies (AC 1 and
AC 2) and the two supply chains (SC 1 and SC 2) is presented in the following section.

3.1. Anchor Company 1—Infrastructure Sector

Anchor company 1 (AC 1) is related to the infrastructure sector. To define the weights
of each of the 26 disclosure topics of the infrastructure sector, it is necessary to observe
Table S1 in Supplementary Materials and find the sector there. Table 5 contains the high-
lighted part of Table S1 that refers to the infrastructure sector, which is the base of the ESG
score of the company, and the score that AC 1 achieved on each aspect on a ratio between 0
and 10 in this case scenario. The scores are arbitrary, simulating the company’s score by
testing different scenarios.

Table 5. Infrastructure disclosure topic weights.

Infrastructure—São Paulo. Infrastructure AC 1 Score

Environment Environment

GE 3 9

AQ 3 10

EM 3 10

WW 4 10

WH 3 9

EI 3 10

Social

Social Capital

HR 1 1

CP 1 9

DS 1 8

AA 4 10

PQ 3 10

CW 1 9

SP 1 8

Human Capital

LP 2 9

EH 5 10

EE 1 8

Governance

Business Model and
Innovation

PD 5 10

BM 6 10

SM 1 7

MS 2 9

PI 3 10

Leadership and
Governance

BE 3 10

CB 1 1

ML 1 8

CI 3 10

SR 2 10

TOTAL 66
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After inputting the data in Table 5 into the model, the result of the AC 1 ESG evaluation
is presented in Figure 3, divided into three groups: E for environmental, S for social, and
G for governance. The blue bar (α) represents the score for each aspect of the E, S, or G,
showing that αE1 = 9.7, αS1 = 9.1, and αG1 = 9.4. The light blue bar represents the weight
of each aspect, where WE = 19, WS = 20, and WG = 27. Finally, the dark blue line shows
the final ESG score of AC 1 that comes from the interaction with all the elements, where
SAC1 = 9.4.
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Figure 3. Anchor company 1 ESG evaluation results.

Note that AC 1 received the lowest score (1) on the topics HR and CB, and it does not
have a big impact on the final ESG score because the scores have low weights. In a different
scenario, if the weak points were on EH and BM, the ESG score would be more significantly
impacted. In the AC 1 case, if the score is switched from HR to EH and from CB to BM, the
results would be αE1= 9.7, αS1= 7.3, and αG1= 7.7. This proves the point of the model that
gives more importance to the material aspects.

3.2. Anchor Company 2—Financial Sector

Anchor company 2 (AC 2) is related to the financial sector. The flow of anchor company
2 is going to be the same as anchor company 1 but considers the specificities of this sector
and their weights. Table 6 is the highlighted part of Table S1 in Supplementary Materials
that refers to the financial sector, which is the base of the formula to calculate the ESG score
of the company, and the score that AC 2 obtains on each aspect on a ratio between 0 and 10
in this case scenario. Once again, the scores are arbitrary.

After inputting the data in Table 6 into the model, the result of the AC 2 ESG evaluation
is represented in Figure 4. The blue bar (α) represents the score for each aspect of the E,
S, or G: αE2 = 3.5, αS2 = 2.8, and αG2 = 2.6. The light blue bar represents the weight of
each aspect, where WE = 6, WS = 20, and WG = 25. Finally, the dark blue line shows the
final ESG score of AC 1 which comes from the interaction with all the elements, where
SAC2 = 2.7.
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Table 6. Financial disclosure topic weights.

Finance—Rio de Janeiro Financials AC 2 Score

Environment Environment

GE 1 2

AQ 1 3

EM 1 2

WW 1 9

WH 1 3

EI 1 2

Social

Social Capital

HR 1 6

CP 2 2

DS 3 1

AA 2 7

PQ 1 2

CW 1 2

SP 5 3

Human Capital

LP 1 1

EH 1 2

EE 3 2

Governance

Business Model
and Innovation

PD 6 3

BM 1 2

SM 1 2

MS 1 3

PI 3 2

Leadership and
Governance

BE 5 3

CB 1 10

ML 1 1

CI 1 2

SR 5 1

TOTAL 51
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Figure 4. Anchor company 2 ESG evaluation results.

Note that AC 2 received a high score on WW (9), CB (10), AA (7), and HR (6) since
these are aspects that have a low weight; the score is not impacted by much. If the high
score was on PD, BE, SP, and SR, the score would be significantly affected by a higher score.
By switching the scores of CB for PD, WW for BE, AA for SP, and HR for SR, the scores
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would be αE2 = 2.5, αS2 = 3.1, and αG2 = 6.2, which would be a dramatic increase in the final
ESG score, proving that the material topics are worth more and can really have an impact
on the score.

3.3. Supply Chain 1

Supply chain 1 (SC 1) is summarized in Table 7. It represents a typical SC based on an
infrastructure company from São Paulo, showing a sample of 10 suppliers with industry,
location, and contract size.

Table 7. Supply chain 1.

Infrastructure (São Paulo)

Company SASB Related Industry Location (Matrix) Contract Size
(R$ Million)

Supplier A Services São Paulo 360.00
Supplier B Resource Transformation Minas Gerais 295.00
Supplier C Infrastructure Paraná 288.00
Supplier D Services Bahia 231.00
Supplier E Technology and Communications Goiás 194.00
Supplier F Extractive and Mineral Processing Espírito Santo 156.00
Supplier J Transportation Rio Grande do Sul 132.00
Supplier K Extractive and Mineral Processing Santa Catarina 103.00

Supplier L Renewable Resources and Alternative
Energy Mato Grosso 91.00

Supplier M Consumer Goods Piauí 52.00

After inputting Table 7 into the model defined suppliers’ importance, it is divided into
priority groups, and the HDI and GTI based on the matrix location are calculated. Moreover,
each individual supplier was evaluated to obtain the ESG score of their operations using
the same methodology applied to the AC. Table 8 identifies suppliers’ priority groups, HDI,
GTI, and ESG scores for each individual supplier.

Table 8. Supply chain 1’s HDI, GTI, importance, and ESG scores.

Company HDI GTI Priority Group E S G Consolidated

Supplier A 7.83 9.60 CS 3 2 3 2.5
Supplier B 7.31 10.00 CS 4 1 3 2.8

Supplier C 7.49 9.96 IS 3 2 4 3.1
Supplier D 6.60 8.60 IS 2 3 2 2.5

Supplier E 7.35 8.85 RS 2 3 4 3.1
Supplier F 7.40 10.00 RS 1 3 3 2.1
Supplier J 7.46 9.72 RS 3 4 1 2.6

Supplier K 7.74 9.21 BS 8 9 10 8.9
Supplier L 7.25 9.74 BS 10 7 10 9.3
Supplier M 6.46 7.18 BS 9 10 8 9.0

Based on the information, the result of the SC 1 ESG evaluation is shown in Figure 5.
The figure is divided into three groups which are E for environmental, S for social, and G
for the governance. The orange bar (β) represents the score for each aspect of the E, S, or
G. It shows that βE1 = 3.5, βS1 = 2.9, and βG1 = 3.6. The yellow line shows the final ESG
score of SC 1, which comes from all the elements inputted, where SSC1 = 9.4.

In addition, even though suppliers K, L, and M have high ESG scores, they do not
have a big impact on the scores of the SC because they are on the lowest priority group
(BS). Nevertheless, by inverting the order of the contracts (the last would become the first
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and so on), the scores would be βE1 = 6.1, βS1 = 6.1, βG1 = 6.2, and SSC1 = 6.2. This shows
the point that the high-priority groups have a significant impact on the score.
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3.4. Supply Chain 2

Supply chain (SC 2) is characterized in Table 9 based on a financial company from
Rio de Janeiro, with a sample of 10 suppliers with industry, location, and contract size. All
suppliers are from tier 1, as they are direct suppliers.

Table 9. Supply Chain 2.

Financials (Rio de Janeiro)

Company SASB-Related Industry Location (Matrix) Contract Size
(R$ Million)

Supplier N Services São Paulo 1.080.00
Supplier O Technology and Communications Piauí 932.00
Supplier P Technology and Communications Mato Grosso 877.00
Supplier Q Financials Bahia 811.00
Supplier R Technology and Communications Minas Gerais 790.00
Supplier S Infrastructure Rio de Janeiro 767.00
Supplier T Consumer Goods São Paulo 412.00
Supplier U Financials Distrito Federal 390.00
Supplier V Resource Transformation Rio Grande do Sul 212.00
Supplier W Transportation Espírito Santo 180.00

The process and steps of SC 2 are going to be the same as ‘Supply Chain 1’. After
inputting Table 9, the model defined suppliers’ importance, divided them into priority
groups, and calculated the HDI and GTI based on the matrix location. Moreover, each
individual supplier would be evaluated to obtain the ESG score of their operations using
the same methodology applied to the AC. Table 10 identifies suppliers’ priority groups,
HDI, GTI, and ESG scores for each individual supplier.

Based on the information, the result of the SC 2 ESG evaluation is presented in Figure 6,
divided into three groups. The orange bar (β) represents the score for each aspect of the E,
S, or G. It shows that βE2 = 8.2, βS2 = 8.1, and βG2 = 8.4. The yellow line shows the final
ESG score of SC 2 which comes from all the elements inputted, where SSC2 = 8.3.
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In addition, even though suppliers U, V, and W have low ESG scores, they do not have
a big impact on the scores of the SC because they are on the lowest priority group (BS).
However, if the order of the contracts is inverted (the last on would become the first and
so on), the scores would be βE2 = 5.3, βS2 = 5.0, βG2 = 5.4, and SSC2 = 5.3. This proves the
point that the high-priority groups have a significant impact on the score.

Table 10. Supply Chain 2’s HDI, GTI, and importance.

Company HDI GTI Priority Group E S G Consolidated

Supplier N 7.83 9.60 CS 8 9 10 9.1
Supplier O 6.46 7.18 CS 10 9 8 8.9

Supplier P 7.25 9.74 IS 8 9 9 8.8
Supplier Q 6.60 8.60 IS 9 8 10 9.1

Supplier R 7.31 10.00 RS 9 8 8 8.2
Supplier S 7.61 7.80 RS 10 9 9 9.3
Supplier T 7.83 9.60 RS 8 10 8 8.8

Supplier U 8.24 9.74 BS 1 2 3 2.4
Supplier V 7.46 9.72 BS 4 2 4 3.4
Supplier W 7.40 10.00 BS 2 1 1 1.3
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4. Scenario Analysis
Different scenarios are analyzed to simulate typical situations, defining the impact of

the SC score in the company. Although the model can be replicated in different geographies,
it considers Brazilian indexes in the analysis. The main goal is to identify the applicability
and adaptability of the model by addressing AC and SC with different ESG maturity levels,
different sectorial activities, and combining different possibilities. The expected outcome
is to develop a significant ESG evaluation methodology based on industry materiality
to guide non-governmental organizations (NGOs), companies, enterprises, and industry,
as well as others that may want to assess ESG. Moreover, it would be extended to the
entire SC, since it is responsible for a relevant part of the ESG footprint. A comparative
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analysis allows one to quantify the impact of the SC in the definition of the ESG footprint,
showcasing the model’s capability to capture this issue.

Two different scenarios are analyzed by changing the owner of the SC. As illustrate in
Figure 7, the first scenario analyzed AC 1 with SC 1 and AC 2 with SC 2, and the second
scenario analyzed AC 1 with SC 2 and AC 2 with SC 1. The colors facilitate the visualization
and the understanding of the proposal. Moreover, even though the ACs are the same in
both scenarios, the objective of switching the SC sample is to test the interaction and the
different impacts from different ESG maturity levels in the same company.
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4.1. Scenario One—Case One

Case one represents the interaction of AC 1 and SC 1. First, it is required to calculate
the impact coefficient of the SC in the AC, and it is going to have a different value for each
area: environment, social, and governance. The input of data from AC 1 and SC 1 on the
model generates result illustrated in Figure 8 that is divided into three groups, showing
the impact coefficient for environmental (% scope emissions based on Figure 2), social
(HD), and governance (GT). The blue bars represent the data from the AC for each topic (%
scope 3 = 8.10; HDAC1 = 7.83; GTAC1 = 9.60), and the orange bars represent the data from
each topic (% scope 1+2 = 1.90; HDSC1 = 7.34; GTSC1 = 9.48). Based on this interaction, the
impact coefficient is represented on the lines: the green line represents the environmental
(PE = 81%), the purple line represents the social (PS = 48%), and the gray line represents the
governance (PG = 50%).

The consolidated ESG score for the relationship between AC 1 and SC 1 is now in focus,
allowing for the understand of the real impact of the SC score in the AC score. Figure 9
shows this result, divided into ESG categories. Blue bars (α) represent the AC 1 score for
each category (αE1 = 9.7; αS1 = 9.1; αG1 = 9.4). Orange bars (β) represent the SC 1 score
for each category (βE1 = 3.5; βS1 = 2.9; βG1 = 3.6). The dark blue line represents the final
ESG score of AC 1 (SAC1 = 9.4). The yellow line represents the final ESG score of SC 1
(SSC1 = 3.3). The red line shows the consolidated ESG score of the AC, considering the SC
(SESG1 = 5.9) based on the interaction of these scores and considering the impact coefficient
data on Figure 8.

4.2. Scenario One—Case Two

Case two represents the interaction of AC 2 and SC 2, and Figure 10 shows the
result of this analysis, divided into three groups and represented by the impact coeffi-
cient: environmental (% scope emissions based on Figure 2), social (HD), and governance
(GT). The blue bars represent the data from the AC for each topic (% scope 3 = 8.30;
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HDAC2 = 7.61; GTAC2 = 7.80), and the orange bars represent the data from each topic
(% scope 1 + 2 = 1.70; HDSC2 = 7.22; GTSC2 = 8.92). The impact coefficient is represented on
the green line that represents the environmental (PE = 83%); the purple line represents the
social (PS = 49%), and the gray line represents the governance (PG = 53%).

Figure 11 shows the consolidated ESG score for the relationship between AC 2 and
SC 2, divided into three categories: environmental, social, and governance. Blue bars (α)
represent the AC 2 score for each category (αE2 = 3.5; αS2 = 2.8; αG2 = 2.6), while orange
bars (β) represent the SC 2 score for each category (βE2 = 8.2; βS2 = 8.1; βG2 = 8.4). The dark
blue line represents the final ESG score of AC 2 (SAC2 = 2.7), and the yellow line represents
the final ESG score of SC 2 (SSC2 = 8.3). The red line shows the consolidated ESG score
of the AC, considering the SC (SESG2 = 5.8) based on the interaction of these scores and
considering the impact coefficient data of Figure 10.
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Figure 8. Case one interaction—ESG impact coefficient.
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Figure 9. Case one results—ESG scores.
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Figure 10. Case two interaction—ESG impact coefficient.
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4.3. Scenario Two—Case Three

Case three treats the interaction of AC 1 and SC 2. Figure 12 shows the results of the
analysis, divided into the ESG three groups. The blue bars represent the data from the
AC for each topic (% scope 3 = 8.10; HDAC1 = 7.83; GTAC1 = 9.60), and the orange bars
represent the data from each topic (% scope 1 + 2 = 1.90; HDSC2 = 7.83; GTSC2 = 8.92).
Based on this interaction, the impact coefficient is represented on the lines: the green line
represents the environmental (PE = 81%), the purple line represents the social (PS = 48%),
and the gray line represents the governance (PG = 48%).

Figure 13 shows the results of the consolidated ESG score, divided into three categories:
environmental, social, and governance. Blue bars (α) represent the AC 1 score for each
category (αE1 = 9.7; αS1 = 9.1; αG1 = 9.4). Orange bars (β) represent the SC 2 score for each
category (βE2 = 8.2; βS2 = 8.1; βG2 = 8.4). The dark blue line represents the final ESG score
of AC 1 (SAC1 = 9.4). The yellow line represents the final ESG score of SC 2 (SSC2 = 8.3). The
red line shows the consolidated ESG score of the AC, considering the SC (SESG3 = 8.7) based
on the interaction of these scores and considering the impact coefficient data on Figure 12.
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4.4. Scenario Two—Case Four

Case four represents the interaction of AC 2 and SC 1, and Figure 14 presents the results
of this analysis considering the ESG groups. The blue bars represent the data from the AC
for each topic (% scope 3 = 8.30; HDAC2 = 7.61; GTAC2 = 7.80), and the orange bars represent
the data from each topic (% scope 1 + 2 = 1.70; HDSC1 = 7.34; GTSC1 = 9.48). Based on that
interaction, the impact coefficient is represented on the lines: the green line represents
the environmental (PE = 83%), the purple line represents the social (PS = 49%), and the
gray line represents the governance (PG = 55%). Figure 15 shows the consolidated ESG
score where blue bars (α) represent the AC 2 score for each category (αE2 = 3.5; αS2 = 2.8;
αG2 = 2.6) and orange bars (β) represent the SC 1 score for each category (βE1 = 3.5;
βS1 = 2.9; βG1 = 3.6). The dark blue line represents the final ESG score of AC 2 (SAC2 = 2.7).
The yellow line represents the final ESG score of SC 2 (SSC1 = 3.3). The red line shows the
consolidated ESG score of the AC considering the SC (SESG4 = 3.1).
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4.5. Scenario Comparisons

This section summarizes all the results, establishing a comparison among the different
scenarios. Table 11 shows the score of the AC, the SC, and the consolidated one for each
case. Cases one and two ended up achieving a similar consolidated score with some space
for improvement. Case one is a combination of AC 1, which has a good ESG performance,
and SC 1 still has a lot to improve, and the consolidated ESG score is in the mid range. On
the other hand, case two is a combination of AC 2 that performed very badly in the ESG
analysis, where SC 2 performed decently in some ESG aspects, and the consolidated ESG
score is also in the mid range. Even though AC 1 has a much better ESG score than AC 2,
the score of the supply chains influenced a lot the final score.
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Table 11. Comparison of the scores for different scenarios.

SAC SSC SESG

Case 1 9.4 3.3 5.9

Case 2 2.7 8.3 5.8

Case 3 9.4 8.3 8.7

Case 4 2.7 3.3 3.1

In the interest of identifying the real impact of the SC on the AC ESG analysis, scenario
two used the same parties but considered a different combination. This time, case 3 is
assumed, where AC 1 is connected with SC 2; since both have good scores, the consolidated
score is also good. Case 4 considers AC 2 connected with SC 1, and both have bad scores,
which resulted in a bad consolidated score. Moreover, it is possible to see that in all cases,
the consolidated score found a spot in between the AC and the SC scores.

Seeking to understand how the SC score affected the consolidated score, Table 12
summarizes all the impact coefficients in environment, social, and governance in each case.
In addition, it shows the percentage that the SC score represents on the final/consolidated
score. The environment impact coefficient is very high, which means that the consolidated
score considers the SC the most. The social impact coefficient represents a little bit less
than half, showing that the consolidated score considers the SC quite less than the AC. The
governance impact coefficient has similar results as the social; however, in some cases, it
is a little bit more than half. Finally, the percentage that the SC score represents on the
final/consolidated score is shown, and for cases 1 and 3, it is the same (58%); for Case 2, it
is 55%, and for Case 4, it is 56%. This means that in Case 1, if the AC score was 10 and the
SC was 0, the consolidate score would be 4.2.

Table 12. Comparison of the scenarios’ impact coefficient.

PE PS PG % SC Final

Case 1 0.810 0.484 0.497 58%

Case 2 0.830 0.487 0.533 55%

Case 3 0.810 0.480 0.482 58%

Case 4 0.830 0.491 0.549 56%

SC emissions represent most of the emissions in all economic sectors, except those that
focused on raw material. Even in these sectors, the SC contribution (%) of the score might
be very significant to the consolidated score, showing that all industries are experiencing
pressure to become more sustainable. The AC in the first case is an infrastructure company
that is crucial for national development, but it faces several challenges due to deforestation,
resource usage, and high emissions. Reinforcing sustainable infrastructure initiatives
and considering projects that balance growth with environmental conservation and the
rights of local communities are needed. The second case is a financial company, which
plays a role in driving sustainability through investment decisions, focusing on main
topics of deforestation, social inequality, and emissions. They are held responsible by the
organizations receiving their funds, and ESG criteria must become critical.

AC could implement some tools and policies to their strategy to promote sustain-
ability and manage the SC. Some examples include the following: a diligence process
on supplier selection considering ESG aspects; the inclusion of clear socio-environmental
metrics/clauses/targets on contracts; periodically monitoring and auditing of suppliers;
capacity-building programs to create awareness of sustainability; the implementation of
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innovative technologies to support the transition; defining key performance indicators
to be reported; incentives and continuous improvements of all process; and partnerships
among the industry by sharing best practices and cases.

5. Conclusions
This work proposed a quantitative ESG score to evaluate carbon footprint by consid-

ering both the SC and the AC operations. Environmental, social, and governance are all
incorporated in the analysis by considering the materiality and classical measurements for
the social aspects, the Human Development Index (HDI), and Governance, the Governance
Transparency Index (GTI).

A scenario analysis is developed to test the methodology, showing a proof of concept
of the proposed methodology. The score proved to be functional in real-life potential
scenarios while being flexible for multiple sectors. The defined weights based on the real
sector business and priority groups based on contract size have an impact on the final
scores of the AC and the SC. When calculating the scores in the scenario analysis, some
variations were tested, and the score proved to be significantly affected by the weights and
the priority groups.

This work is a novel contribution to the literature in the field of economics and
sustainability, identified either from the scientific literature or the productivity sector. This
points to a real-life potential applicability. Both the corporate world and the academic
world can use the model to assess real case scenarios and contribute to the model to make
it more consistent to fit the specific demands. It was able to develop a framework for
companies to evaluate their operational ESG score, to evaluate all the suppliers’ members
of the SC by providing an ESG score, to determine suppliers’ importance level, and finally
to test the model in different case scenarios, showing that the SC has a significant impact
on the AC ESG evaluation process. It extends the traditional ESG assessment framework to
incorporate the SC, since it is a critical contributor to corporate sustainability performance.

This model is applicable to support the decision and management process of compa-
nies mainly in the procurement, finance, sustainability, and supply chain areas, thereby
making the company and the SC more resilient. Additionally, it can be a useful tool for
companies to evaluate in a quantitative way their ESG maturity including the SC with some
personalized dashboards, thereby identifying the weaknesses, strengths, opportunities,
and threats for all parties.

Moreover, in all presented scenarios, the SC had a significant impact on the consoli-
dated ESG score. This proves the point that assessing the SC is important if the company
wants to improve its ESG agenda. In all four cases, the SC is responsible for more than 50%
of the final consolidated ESG score. However, some other economic sectors that focused on
raw material might have a higher contribution of the AC since their footprint is not focused
on scope 3. Based on the result, it is impossible to achieve a great consolidated score and
achieve a sustainable ecosystem without addressing ESG key topics on the SC as well.

Even though the ESG score of AC 1 was much higher than the AC 2, in the first
scenario, they both ended up achieving a similar consolidated ESG score. That happened
because in case 1, the ESG score of AC was good, but it was really impacted by the bad
ESG score of the SC; in case 2, AC had a very bad ESG score, and the high score of the SC
kept the good standard. In scenario 2, after changing the owner of the SC, the output was
completely different; in case 3, the good ESG score of the SC helped the good AC score
keep its value up and received a great consolidated score, and in case 4, both AC and SC
had bad scores, and the consolidated score reflected that.

This research faced some limitations because of the lack of consolidated ESG taxon-
omy and data. Even though SASB is well recognized, the model did not consider other
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taxonomies like GRI, CDP, and EU Taxonomy. In addition, since it is an emerging topic,
there is a lack of a robust ESG database, resulting in no comprehensive company data,
which limited the analysis. The model was only designed for upstream suppliers, not
considering ESG impacts on downstream activities such as consumers and disposal.

Natural future research would be the usage of different parameters to define the ESG’s
impact coefficient and applicability of the model to various geographies or industries. In
addition, the analysis can include more specific sub-sectors and different breakouts, such
as separating the transportation of people and cargo, to provide more detailed insights.
Finaly, other ESG taxonomies could be explored, and the creation of an industry-specific
ESG questionnaire could offer relevant perspectives and comparisons.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/su17031158/s1, Table S1: SASB Sectors and subsectors; Table S2:
SASB materiality topics; Table S3: Example of Questionnaire Assessment Evaluation.
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