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Abstract

As population density increases due to urbanization, a comprehensive

sustainability strategy aimed at creating optimal conditions for people liv-

ing in cities is needed. Smart cities have emerged to solve the challenges

of urbanization by integrating information and communication technology

(ICT) and physical infrastructure that provide various services to citizens.

As more smart cities are built around the world, it is important to under-

stand the environment, social, and governance (ESG) performance of smart

cities that can help finance, develop, and sustain smart cities. This is because

the ESG of companies participating in the smart city will have an essential

influence on the continuous operation of the smart city while assuming that

the recent smart city is developed by private companies rather than by pub-

lic institutions or the government. ESG is a quantitative and effective tool to

prove a company’s sustainability. However, there are no studies on specific

procedures, indicators or guidelines for reviewing or understanding the ESG

level of smart cities. To solve this problem, this study examined a compre-

hensive overview of the current ESG level of smart cities by utilizing ESG

score data of infrastructure, ICT, and service sectors that play an important

role in smart cities. Then, multiple linear regression analysis was performed

using the ESG scores of the following three categories to present a basic
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model that can infer the ESG level of smart cities. This study is significant

in that it attempted to develop a basic model that can infer the ESG level

of a smart city that did not exist before. In addition, according to previous

studies, since companies try to strengthen competitiveness by benchmark-

ing ESG policies or scores of companies that are influential or recognized

as similar companies, the study can motivate companies that wish to partici-

pate in smart cities to achieve sustainability management by comparing and

analyzing the ESG levels of companies participating in smart cities.

Keywords : Smart city, Sustainable city, Environment, Social and Gover-

nance (ESG), Infrastructure, Information and Communications Technology

(ICT), Service, Multiple linear regression

Student Number : 2020-25183
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Chapter 1

Introduction

1.1 Background

By 2050, 70% of the world’s population is expected to be concentrated

in cities, which will likely increase resource consumption and greenhouse

gas emissions due to urbanization [2]. Figure 1 shows that the population has

been increasingly concentrated in cities since 2010. According to the graph,

the population living in the city is 2.2 times higher than the population living

in Rural in 2050. As population density increases, the pressure on resources

(energy, water, and sanitation) and the need for high-quality public services

grows [3]. Along with resource and environmental issues, a comprehensive

sustainability strategy aimed at creating optimal conditions for people living

in cities is needed to improve the quality of urban life.

Because urbanization with concentrated population does not only have

positive aspects, smart cities have been highlighted globally as a counter-

measure against its negative aspects [4]. A smart city is a city that is planned

with the goal of providing lifestyles and convenience for citizens, centering

on sustainable practices and environmentally conscious green companies

[3]. Environmental sustainability is also an essential goal of smart cities [5].
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Figure 1: World’s urban and rural population (Data source: [1])

Sustainability goals can be achieved with the help of “smartness” which has

increased the popularity of the smart city concept [6].

A smart city provides a service platform for citizens and cities as a

smart city composed of Infrastructure, ICT and Services connects physical

locations to cyberspace [7]. The central axis for creating a sustainable smart

city is the Internet of Things (IoT), and by combining information and com-

munication technologies, the quality of life can be elevated by maximizing

the city’s services that monitor and integrate all the conditions of major in-

frastructure [3]. Following the review of previous studies that define smart

cities, we specified the industrial sectors that play a pivotal role in smart

cities as Infrastructure, ICT, and Service.
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These smart cities ultimately aim to create a sustainable city, includ-

ing the quality of life and environment for citizens. Because the smart city

contains the concept of “sustainable city,” the ESG concept, which is a sus-

tainable management activity, is ultimately needed.

ESG is not only necessary to create smart cities, but it is a necessary

measure to create a sustainable future for all to thrive. Although there is no

definitive and specific method to build a smart city, ESG that quantitatively

shows the negative and positive impacts of businesses on society is vital to

provide a better quality of life and a cleaner environment.

In short, sustainability and smart city are interrelated, and the ESG

score can serve as a key indicator in realizing a sustainable smart city [8]. If

so, can the ESG level of the current smart city be measured? Our research

began with this question. Previous studies mainly looked at the ESG scores

of companies and analyzed the correlation with financial performance or

evaluated the companies’ level of effort for sustainability [9], [10], [11],

[12].

Currently, the ESG level of smart cities cannot be determined, and stud-

ies on evaluation standards or guidelines are extremely rare. We attempted

to analyze the company’s ESG data in the infrastructure, ICT, and Service

sectors that play a critical role in the smart city, examine the ESG level of

the smart city, and present a basic model formula that can infer the ESG
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score of the smart city in the future. Multiple linear regression analysis was

used for deriving the model formula.

Before collecting corporate data from three industrial sectors, this study

first identified the industries belonging to the three industrial sectors as

shown in Figure 2 using the industry classification criteria of the Sustain-

ability Accounting Standards Board (SASB) [13]. SASB is an ESG guide-

line framework that sets the standards for companies to provide financially

important sustainability information to investors. Generally, since corporate

reports, investors, and researchers often use the sustainable industry clas-

sification system provided by SASB [14], [15], [16], we also followed the

industry classification standard classified by SASB.
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1.2 Purpose of Research

Despite having the concept of a sustainable city, we cannot determine

the ESG level, which is an indicator that quantitatively and effectively ex-

presses sustainability, of the recent smart city primarily being undertaken by

the private sector. There are very few studies showing the ESG level of smart

cities or other related studies. In order to solve this problem, we first re-

viewed the previous research that studied the characteristics of smart cities.

Through previous research, three industrial sectors (Infrastructure, ICT, and

Service) that play a pivotal role in the smart city could be derived. ESG

data of companies in these industrial sectors were used for research and

analysis, and their performance was evaluated with the level of the smart

city. For analysis, we collected data from 1,334 companies. Based on these

data, a comprehensive overview of the ESG level of the smart city was pro-

vided through correlation analysis and multiple linear regression analysis,

and then, a model formula that can obtain the values of ENV, SOC and

GOV was derived. The ESG score can be inferred from the average of each

of these. This study is meaningful in that it sought to estimate the level of

ESG in smart cities when such attempts or studies associated with such are

exceedingly rare when examining existing prior studies. Moreover, it can

serve as a reference material when companies seeking to plan a smart city

or participate in a smart city demand or determine the ESG target level.
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1.3 Research Structure

This study consists of a total of six chapters. Chapter 2 explores the

previous studies related to the smart city and ESG. When examining the

previous studies related to the smart city, it was confirmed that sustainabil-

ity is continually mentioned as a characteristic of a smart city, and three

industrial sectors that play a crucial role in the smart city could be derived.

Previous studies on the ESG matrix have mainly analyzed the level of

ESG disclosure or the correlation between ESG and corporate size or finan-

cial variables. We could not find studies or guidelines that comprehensively

associated a smart city with ESG or attempted to measure and estimate the

ESG level of a smart city. Chapter 3 details the data collection method, type,

and data source used to derive the basic model formula. Chapter 4 describes

the Pearson correlation analysis method and multiple linear regression anal-

ysis method, which are statistical methodologies used in this study. Chapter

5 provides a comprehensive overview of the ESG level of smart cities us-

ing the methodologies mentioned in Chapter 4, and a basic model formula

that can infer the ESG level of a smart city is derived. Finally, in Chapter

6, conclusions are drawn, and the limitations of this study are included. The

overall research approach of this study is shown as Figure 3.
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Figure 3: Depicts the overall research approach for this study
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Chapter 2

Related Works

This chapter introduces three categories of preceding studies. First, the

Characteristics of smart cities and ESG study trends were examined. It was

found that smart cities contained the concept of sustainable cities, and ESG

study trends were mainly founded on financial correlations. Next, the role

of the private sector in smart cities and the importance of ESG were com-

prehensively reviewed.

2.1 Characteristics of the Smart City

Smart city is not a new concept. It was first created in the 1800s to

describe a new city in the western United States and has been changing con-

tinuously [17]. In the past, smart cities were also called digital cities [18],

ubiquitous cities [19], intelligent cities [20], and creative cities [21]. The

definition of a smart city is still evolving without a clear nomenclature [3].

In previous studies on smart cities (see Table 1) the importance of tech-

nology, information and communications, flexibility, and sustainability was

discussed and emphasized. Table 1 summarize previous studies explaining

the characteristics of smart cities. In recent years, sustainability has been
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emphasized in smart cities so that future generations can enjoy a better liv-

ing environment [22]. In the previous studies reviewed, “sustainability” was

commonly mentioned, indicating that a smart city contains the concept of

a sustainable city. Overall, a smart city is understood as a sustainable city

that combines ICT with physical infrastructure to enhance the life quality of

the population and provide novel services that can solve and improve urban

problems.
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Table 1: Characteristics of Smart City

Author Ref. No. Definition

Mohammad [2] A city center intensified with a variety of

Shahidepour innovative solutions to improve infrastruc-

et al. (2018) ture performance and develop sustainability

Andreia de [3] A city solving sustainability issues(Econo-

Bem Machado my,environment and social development) a-

et al. (2021) nd improving the quality of living on the

premises of networking with humane, soci-

al capital and ICT

Kancho H. [4] A city utilizing the information and comm-

Law unications technologies for the sustainable

et al. (2019) development and enhancement of the quali-

ty of the residents’ lives as well

G. Piro [23] A city providing advanced and innovative

et al. (2012) ICT services for the citizens to improve

the general quality of living

Victoria [24] A smart city is an institution to improve the

Fernandez- humane and social capital wisely by means

Anez of partnership, sustainable development, a-

(2015) nd high quality of living based on the stake-

holders and local governments

11



Author Ref. No. Definition

Tan Yigitcanlar [25] An ideal format to build up sustainable

and cities in the 21st century when the balan-

Kamruzzaman ced and sustainable viewpoint is realized

(2018) economically, socially, environmentally

and institutionally

Chiara Garau [26] A city of technology innovation, new in-

and Valentina dustry a more powerful economy, sustain-

Maria Pavan able environment and enhanced quality of

(2018) life for the citizens

Alexandar [27] A community flexible enough to become

Lara a better place for all constituent members

et al. (2016) and enhance the welfare institutionally,

work and enjoy with sustainability

Leonidas G. [28] The conceptual framework for accessing

Anthopoulos smart cities consists of resource monitor-

(2015) ing,transportation, infrastructure, ICT,

utilization and public e-services.The results

of smart cities are related to three industrial

sectors: construction, ICT, and electronics.
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2.2 Review of ESG metrics

The ESG score provides comprehensive and structured data that can

be compared for a company. Through this, it plays an integral role in help-

ing stakeholders understand and manage the multifaceted characteristics of

a company, such as business ethics and sustainability [29]. Erling Holden

et al. [30] argued that if a company does not take into account all economic,

social, and environmental aspects, it would end up with ”unsustainable”

management and would be at risk.

ESG scores assume an important role in promoting ESG transparency

by enabling stakeholders and investors to better comprehend and manage the

multifaceted nature of ESG, including carbon emissions, climate change,

business ethics, and sustainability. In fact, ESG factors, which are indica-

tors of sustainable management, are increasingly being used in corporate

decision-making [29]. A growing number of companies are engaged in a

wide range of ESG disclosures [10], and this significant issue has been the

subject of much attention [12], [31], [32], [33], [34].

Previous studies on ESG analyzed the statistical relationship between

the ESG score and financial performance or focused on the correlation be-

tween the company size and ESG score(see Table 2).

Both positive and negative evidence were discovered for the relationship

between the ESG score and financial performance [35], and it was found

that most of the relationship between the ESG score and company size had

13



a positive correlation. Furthermore, the industry analysis study showed the

difference in the ESG score between industries. It provided that the finan-

cial industry simply shows a significantly lower score than the Consumer

Staples and Utilities industries in the SOC [10], or that it lists the industries

with the highest ESG score in the order of industry [27], or that companies

in environmentally sensitive fields provide less environmental information

than companies in other fields [35]. This paper is different from prior studies

in that there are nearly no studies that relate the concept of a smart city to

ESG. Following the review of previous ESG-related studies, ESG indicators

could be understood as a tool for disclosing sustainable goals and the will

or progress toward achieving those goals.
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Table 2: Preliminary Study on ESG Analysis

Author Ref. No. Definition

Nnbil Tamimi [10] The average ESG score was different dep-

and Rose ending on the industrial sector when 347

Sabastianelli firms out of S&P 500 firms, and such di-

(2017) fferences were found from SOC and GOV.

The ESG score was significantly higher

in the large companies than medium sized

companies.

Grigoris [31] The scale of the firm and the ESG score

Giannarakis showed the most significant relation when

(2013) 366 firms in USA were analyzed.

Fabrizio Crespi [32] The trend was confirmed that the ESG score

and Milena escalated for the bigger firms when 727 fina-

Migliavacca ncial firms were analyzed in 22 countries. In

(2020) addition, the firms in larger size and revenue

displayed a positive linear trend.

Ilze Zumente [34] The scores in SOC and GOV were higher than

et al. in ENV when 34 firms listed in Balt exchange

(2020) were analyzed. The ESG score was relevant

with the aggregate value of the listed stock.

The large companies showed better scores.
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Author Ref. No. Definition

Omer M Elaskit [35] The literature review analysis showed the

and Andrew C. positive relation between the firm size

Worthington (2014) and the disclosing range in many studies.

However, the revenue showed the positive and

negative impact simultaneously.

Rim EI Khour [36] When 38 listed banks were analyzed.The

et al. score on ENV was the lowest and highest

(2021) in GOV. In addition, the financial

achievement of the bank made influence

on SOC.

Jeremy [37] Australian firms improved the ESG perform-

Galbreath ance as time elapsed when 249 Australian

(2013) firms were analyzed. Especially, it was im-

proved more in GOV. In addition, it was more

improved in energy and material industry.

Amina Buallay [38] A regression analysis was performed between

et al. the ESG score and Return on Assets(ROA),

(2021) Return on Equity(ROE), and Tobin’s Q(TQ) of

the top worldwide 20 smart cities. They founded

that the positive significant relationship bet-

ween ESG and ROA, ROE, but a negative sig-

nificant relationship between ESG and TQ.
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2.3 Review of Smart City and ESG

As a sustainability evaluation indicator, ESG is a core value that real-

izes sustainability in corporate management [31], [39]. In other words, since

implementation and evaluation of sustainability should be a part of the de-

velopment of a sustainable smart city, ESG and the smart city framework

should be viewed from an integrated perspective. Examples of sustainable

management include the environment, ethical labor practices, and shared

governance among various stakeholders [10]. Recently, the role of smart

city planning and development is shifting from government-led initiatives

to private sector and citizen-centric cities [40]. The smart city is called a

public-private-people (3P) partnership that unites the concept of commu-

nity cooperation between businesses, governments, and citizens [41], [42].

In fact, the participation of the private sector is recognized as one of the key

success factors for smart city implementation [42].

The Republic of Korea has introduced the smart city plan firstly by the

name of U-City. But the application of the smart city was insufficient. The

main factor for failure was non-involvement of the private firms and lack of

governance policy for U-City. Also U-City failed because it was limited to

the models of central government only [43].

In Amsterdam, the Netherlands, smart cities are operated by the private

sector rather than the government through an open platform called ASC

(Amsterdam Smart City) by the method of participation from companies

17



(40.1%), governments (14.2%), research institutes (13.9%), etc [44]. In the

case of Barcelona, Spain, it supports public-private partnerships to imple-

ment innovative projects that benefit both businesses and the city [45]. The

project aims to promote private sector participation in the development of

innovative solutions for current urban problems [46].

In the case of the Eco-City project in France, the goal is to improve

the quality of life of citizens by leading the technology and services of pri-

vate companies such as IBM and Cisco [47]. As such, the role of the private

sector is paramount in the development and operation of smart cities. Jonas

Breus et al. also claimed that the public sector, private businesses and cit-

izens are the key to making cities smarter [48]. As said, the importance of

private firms in the smart city was confirmed through the precedent studies.

Due to the recent interest in ESG, the number of ESG evaluation agencies

has increased [49] and it was possible to extract not only the ESG score of

private companies, but also the scores of ENV, SOC and GOV that consti-

tute it. Details of each pillar are below [10], [31], [37], [50].

• Environment (ENV): This includes the management policies con-

cerning environment issues. Namely, the environmental sensation related

to electric power and water consumption, carbon emission, waste reduction,

environment purification and renewable energy of the firms and the data on

greenhouse gas and energy use.
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• Social (SOC): Management policies of the firms for the employees,

consumers and the community where they are situated, employees’ welfare

and health, labor-management relation, employee transfer, accidents involv-

ing employees, employment diversity, consumer protection, product safety

and exchange with the local community.

• Governance (GOV): Management policies to enhance the soundness

of the entrepreneurial governance, gender diversity, and independence of

board of directors, ethical firm operation, shareholders’ rights, transparent

tax payment and accounting book management, processes and system to

satisfy the communication and requirements from the internal or external

stakeholders and etc.

This study provides a comprehensive overview of the current ESG lev-

els of smart cities through corporate data from three industry sectors that

influence and contribute to smart cities, and it can be referred to as a guide-

line when trying to infer the ESG scores. Since there are currently few stud-

ies that explore the ESG level from the smart city perspective, the study is

meaningful in that it attempted to create the ESG level of the smart city and

the basic model formula that can infer it.

In addition, since companies tend to strengthen competitiveness by

benchmarking ESG policies or scores of companies that are influential or

recognized as peers [33], companies that want to participate in smart cities

19



can be motivated to pursue sustainability management by referring to the

current ESG level of smart cities. The study also helps them to use it as a

benchmarking tool for ESG management.

20



Chapter 3

Methodology

3.1 Data Collection

This study examines the ESG performance status of companies in the

infrastructure, ICT, and service fields, which are the backbone of smart

cities, and develops a model that derives the ESG scores of smart cities

from ENV, SOC and GOV score data of companies in three sectors.

The research sample consists of recent 1,344 data as of December

2021. All data used were collected through web scraping in the online database

of the ESG book. Web scraping is the techniques of using to extract content

or data from a website. The ESG book has partnered with the Sustainability

Accounting Standards Boards (SASB), Task Force on Climate-related Fi-

nancial Disclosure (TCFD), and International Finance Corporation (IFC) to

collect ESG scores from various companies. SASB is a non-profit organiza-

tion established to develop measurement standards for reported ESG issues.

SASB standards provide useful information on sustainability issues [16].

The TCFC is a climate-related task force and establishes recommen-

dations for disclosing accurate and comparable information on risks and

opportunities posed by climate change [51]. IFC is the world’s largest fi-
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nancial institution supporting the private sector, expanding and revitalizing

green finance based on ESG investment [52].

The data used is as follows:

(1) Firm-size data

(2) ESG score(ESG/ENV/SOC/GOV)

(3) Sub-categories score of ESG Measurement (ENV/SOC/GOV)

Firm-size data is classified as micro, small, medium and large in their

scale. The Firm-size criteria used data classified in ESG book. Generally,

based on market capitalization, Micro companies are divided into $50 mil-

lion to $300 million, Small companies into $300 million to $2 billion, Mid

companies into $2 billion to $10 billion, Large companies into $10 billion

to $200 billion. The scores in (2) and (3) use a scale of 100 points. (3) Sub-

categories are the disclosure of scores by classifying several related topics

corresponding to ENV, SOC and GOV into 7, 10, and 5, respectively, as

shown in Table 3.

The target region is not limited to a specific country, and the sample

includes America, Asia, Europe, and Pacific Rim. All data were collected

in Excel format, except for the one missing even one sub-category value

among the ESG evaluation companies listed in the ESG book.

After data collection, descriptive statistics were conducted to identify

the overall data. Pearson correlation analysis was performed to determine

the relationship between the company size and specific ESG scores. Multi-
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Table 3: Sub-categories of ESG Measurement

ENV SOC GOV

Emissions Compensation Business Ethics

Environmental Management Diversity Capital Structure

Waste Employment Quality Corporate Governance

Environmental Stewardship Human Rights Transparency

Resource Use Labor Rights Forensic Accounting

Water Health and Safety

Environmental Solution Training and Development

Product Quality and Safety

Community Relationship

Product Access

ple linear regression analysis was performed to derive the ESG score infer-

ence model. In the regression analysis, ENV, SOC and GOV scores were set

as dependent variables, and sub-categories corresponding to each column

were set as independent variables.

3.2 Pearson’s correlation

In order to understand the overall trend of the analysis data, we an-

alyzed the correlation between the company size and ESG score, and the

company size and sub-category score. Pearson’s correlation analysis ana-

lyzes how linear two variables are, in which direction they are linear to, and

how large the linear relationship is [53]. The Pearson correlation coefficient

has a value between -1 and +1. As the correlation between the two variables
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increases in the positive direction, it is closer to +1, and as the correlation be-

tween the two variables increases in the negative direction, it appears closer

to -1 [54]. On the other hand, if there is no correlation between the two vari-

ables, it is 0. In general, we expected that the larger the company, the higher

the ESG score.

However, following the analysis of the correlation between the com-

pany size and ESG score, the GOV score was found to have no correla-

tion with the company size, indicating that the larger the company size, the

higher the score unconditionally. More specifically, among the sub-categories

of GOV, Business Ethics, Corporate Governance, and Forensic Accounting

were confirmed to be better for small companies.

3.3 Multiple linear regression

Multiple linear regression is a technique to analyze the relationship be-

tween two or more independent variables and one dependent variable [55],

and is expressed as follows:

Y = b0 +a1X1 +a2X2 +a3X3 + ...+anXn (3.1)

Y Represents the dependent variable and is the reference variable that

is thought to be affected. b0 Stands for Constant. X represents the indepen-

dent variable, is a variable that is thought to have an impact. n represents the
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number of independent variables.

For regression analysis, in general, multicollinearity between indepen-

dent variables should be suspected if the tolerance value is less than 0.1 or

the variance inflation factor (VIF) value is 10 or more [53]. Multicollinearity

refers to a problem in which an error in regression coefficient estimation oc-

curs when independent variables have an excessively high correlation with

each other [11]. As shown in Figure 4, high correlation between independent

variables creates a problem that is irrelevant even if it is the same variable,

so it is necessary to have independence between variables.

Figure 4: Multicollinearity (left: without multicollinearity, right: when there
is multicollinearity)

That is, if three independent variables have an excessively high corre-

lation, it is equivalent to conducting regression analysis of three identical

independent variables. In this study, since the tolerance and VIF values all

did not exceed the standard, there was no issue of multicollinearity, so there

was no problem with interpreting the regression results.

In addition, skewness and kurtosis were checked for normality test of

variables used in the analysis. If the absolute value is less than three for

skewness and less than seven for kurtosis, it is considered to have normality
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[56]. Skewness is a measure indicating the degree of asymmetry. If skewness

is positive, the distribution is long-tailed to the right, and if the skewness

value is negative, the distribution is long-tailed to the left.

Figure 5: Skewness (left: when the skewness value is positive, right: when
the skewness value is negative)

Kurtosis is a measure indicating how sharp a graph is. The larger the

kurtosis, the sharper the center. Our analysis data showed that the skewness

did not exceed three and the kurtosis did not exceed seven, thus satisfying

the normality criterion. Lastly, when checking the residual plot to check the

equal variance, equal variance was assumed because the distribution did not

take a specific shape.
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Chapter 4

Result

After examining the ESG score trend through descriptive statistics and

correlation analysis, we sought to create a basic model formula that can infer

the ESG score through multiple linear regression analysis.

First, we checked the ESG, ENV, SOC and GOV scores of 1,334 companies

through descriptive statistics. ENV was the highest with an average of 56.3

points, and GOV was the lowest with an average of 50.2 points.

GOV provides a framework for transparent and responsible decision-

making and excellent management for project success [57]. Khan et al. [58]

underscored the creation of a governance structure as a strategic means for

the transition and operation of smart cities. GOV can be improved by incor-

porating transparency into ethical behavior and decision-making [59].

In addition, since inter-company partnerships and cooperation for trans-

parency are particularly imperative in large-scale platform projects such as

smart cities [60] companies participating in smart cities should focus on

GOV. According to Pearson’s correlation results, only GOV was found to

be unrelated to the company size. Among the sub-categories of GOV, Busi-

ness Ethics, Corporate Governance, and Forensic Accounting were actu-
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ally found to have higher scores in small companies. This may be because

small companies focused more on GOV, which is relatively inexpensive to

increase their overall ESG score [10].

Through Multiple Linear Regression, a basic model formula that can

infer the ESG score was presented. Each score can be calculated through a

model formula based on ENV, SOC and GOV scores and their sub-categories,

and ESG scores can be inferred from their averages.
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4.1 Descriptive statistics and correlations Anal-

ysis by size

Table 4 shows the descriptive statistical results for ESG, ENV, SOC

and GOV. The sample consists of 42% (n=554) in the infrastructure sector,

34% (n=454) in the ICT sector, and 24% (n=326) in the service sector. ESG

scores ranged from the lowest of 29.7 to the highest of 72.9. Among the

three columns constituting ESG, ENV was the highest at 56.3 points and

GOV was the lowest at 50.2 points. In fact, as 60 companies showed a GOV

of less than 30, it appears that several companies are relatively sluggish in

the GOV.

Table 4: Descriptive statics of variables

Variable N Average SD Minimum Maximum

ESG 1334 53.5 7.3 29.7 72.9
ENV 1334 56.3 12.68 28.6 86.8
SOC 1334 56.1 7.76 30.9 74.2
GOV 1334 50.2 12.21 16.2 80.8

Table 5 analyzes the correlation between the company size and each

score. ESG, ENV, and SOC showed a positive correlation in which the score

increased as the company size increased, whereas the GOV showed an in-

significant negative correlation. Figure 6 shows this relationship as a plot.

Only the GOV score showed a trend that was not correlated with the firm

size.
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Table 5: Correlation between Firm Size and ESG, ENV, SOC, GOV Scores

Variable Size

ESG Pearson’s r 0.208***
p-value h0.001

ENV Pearson’s r 0.356***
p-value h0.001

SOC Pearson’s r 0.309***
p-value h0.001

GOV Pearson’s r -0.022
p-value 0.426

Figure 6: Correlation plot

Next, in order to examine which sector is leading this trend, the three

sectors of Infrastructure, ICT, and Services were examined separately. These

results are shown in tables and graphs in Table 6 and Figure 7, respec-

tively. When checking the results, as in Table 5, it was confirmed that ENV
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and SOC scores tended to be higher as the size increased in all three sec-

tors, but the GOV score had no correlation with the size. Currently, com-

panies of all sizes are not paying attention to GOV, so it is sluggish. Mean-

while, this can be interpreted that there is more room to increase the GOV

score. Large projects such as smart cities are stand-alone temporary orga-

nizations that work together for a limited time in an uncertain environment

[61]. Such a mega project is a very risky venture and is difficult to manage.

Much of the literature on the performance of these large projects also relates

to decision-making, strategy and governance, stakeholder engagement and

management, and so forth [62]. Smart city projects that need to cover var-

ious organizations improve transparency between different organizational

levels to achieve the project’s goals, which also contributes to corporate

performance as it positively affects the exchange of relevant information

among various stakeholder groups [57]. Although most companies seem to

be sluggish in GOV, it seems that GOV plays a significant role for the suc-

cess of large projects such as a smart city and the sustainable management

of the companies that comprise it, so they should pay more attention to it

voluntarily.
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Table 6: ESG, ENV, SOC, GOV Scores by 3 sectors by size

ESG ENV

Size Infrastructure ICT Service Infrastructure ICT Service

Micro 49.25 51.26 46.59 44.85 41.39 38.99

Small 52.6 51.35 50.91 55.76 48.41 45.75

Mid 54.26 53.65 51.27 60.01 56.84 49.19

Large 55.23 56.15 54.14 63.11 62.24 57.39

SOC GOV

Size Infrastructure ICT Service Infrastructure ICT Service

Micro 50.72 48.41 49.18 50.83 56.5 47.36

Small 54.48 51.96 51.94 49.50 51.97 51.72

Mid 56.48 57.18 54.55 49.38 50.04 50.19

Large 58.58 59.09 54.14 48.36 51.59 50.58

Figure 7: ESG, ENV, SOC, GOV Scores by 3sectors by size
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To take a closer look, as shown in Table 7, we examined the ESG

level of smart cities through correlation analysis by sub-categories of ENV,

SOC and GOV and company size. In Table 7, in ENV, the scores of all

sub-categories tend to increase as the company size increases. In particular,

the bigger companies are better at Emissions and Resource Use. In SOC,

the bigger the company, the better it was at Training and Development and

Product Access. It was a surprising result that the correlation of compensa-

tion according to the company size was low, which means that some small

companies may pay many compensation to attract more talents.

In GOV, both positive and negative correlations were observed at the

same time. A significant negative correlation was found for Business Ethics,

Corporate Governance, and Forensic Accounting. In these three categories,

small companies were found to score rather higher. Business Ethics relates

to issues such as corporate corruption, political contributions and antitrust,

while Corporate Governance relates to policies or subjects surrounding gov-

ernance issues such as boards and committees, shareholder rights, and in-

sider trading. Forensic Accounting is related to whether a company’s re-

ported earnings are a good representation of the company’s financial health.

ENV is seen as a pillar that requires capital commitment such as im-

provement of processes related to the environment such as greenhouse gas

or carbon emission or investment in facilities. In particular, Emissions are

related to costs as they include emissions of greenhouse gases and other
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air pollutants. Others include renewable energy, clean energy products and

management, which involve technology as well as costs. Therefore, it is

interpreted that there may be a difference depending on the investment ca-

pacity between small and large companies.

In the case of SOC, it seems reasonable that the larger the company,

the more training programs for its employees. And it is interpreted that dif-

ferences are shown based on company size since more public interest or

participation lead to receiving more social attention. However, GOV does

not show a consistent increase according to the size of the companies.

The reason is first, small companies may have focused on relatively

inexpensive GOV to increase their overall ESG score[10]. In this regard, as

shown in Figure 7, the trends between the ESG score and ENV, SOC and

GOV were examined. As a result, it was confirmed that the GOV had the

most influence in order to raise the ESG score by showing the shape closest

to a straight line in the GOV. Second, the average GOV score is the lowest,

companies of all sizes as a whole do not pay much attention to GOV’s.

Therefore, it is thought that there may be no relationship between the score

and the size.
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Table 7: Correlation between Firm Size and Sub-categories

ENV Size SOC Size GOV Size

Emissions 0.376*** Compensation 0.064* Business -0.097***

Governance

Environmental 0.257*** Diversity 0.132*** Capital 0.115***

Management Structure

Waste 0.254*** Employment 0.254*** Corporate -0.104***

Quality Governance

Environmental 0.256*** Human 0.229*** Transparency 0.271***

Stewardship Rights

Resource 0.344*** Labour 0.178*** Forensic -0.164***

Use Rights Accounting

Water 0.261*** Health and 0.143***

Safety

Environmental 0.184*** Training and 0.291***

Solution Development

Product Quality 0.085***

and Safety

Community 0.278***

Relationship

Product 0.318***

Access
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Figure 8: Relationship trends between ESG and ENV, SOC, GOV pillars
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4.2 Derive ESG score calculation prediction model

Multiple regression analysis was performed to suggest a basic model

formula for estimating the ESG score. There was no problem in multi-

collinearity because neither the tolerance and VIF values exceeded the stan-

dards, nor there was no problem in interpreting the regression results be-

cause both the skewness and kurtosis test results did not exceed the stan-

dards because they follow normality.

The unstandardized Beta (Ustd ≤) value represents how much the de-

pendent variable increases when the independent variable increases by 1.

That is, if Ustd ≤ is positive (+), it indicates that as the independent variable

increases, the dependent variable also increases. If Ustd ≤ is negative (-), it

indicates that as the independent variable increases, the dependent variable

decreases. Dependent variables were ENV, SOC and GOV, and independent

variables were sub-categories corresponding to each column.

Table 8, Table 9, and Table 10 show the results of multiple linear re-

gression for ENV, SOC and GOV, respectively. multiple linear regression

plots for this are shown in Figure 8, Figure 9, and Figure 10.

For example, in Table 8, if the ENV score increases by 1 in Emissions,

which is a sub-category of ENV, it indicates that the ENV score increases

by 0.123 points, and if 1 point increases in Environmental Management,

the ENV score increases by 0.162 points. In this regard, it can be seen that

the relative effect on ENV score is greater for Environmental Management
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than Emissions. It is such Standardized Coefficients ≤ (Std ≤) value that can

identify this relative influence. For example, in raising the ENV score, it is

interpreted that Emissions has an influence of 12.6 and Environmental Man-

agement has an influence of 17.9.

Table 8: Multiple linear regression between ENV score and Sub-categories

ENV Ustd ≤ Std ≤ Sig. Tolerance VIF Skewness Kurtosis

(Constant) -0.295

Emissions 0.123 0.126 h0.001 0.341 2.93 -0.283 -0.727

Environmental 0.162 0.179 h0.001 0.403 2.479 -0.115 -1.226

Management

Waste 0.168 0.215 0.000 0.529 1.902 -0.410 -0.793

Environmental 0.103 0.162 h0.001 0.473 2.14 0.193 -1.150

Stewardship

Resource 0.188 0.232 0.000 0.408 2.450 -0.456 -0.699

Use

Water 0.124 0.158 h0.001 0.596 1.677 0.249 -1.270

Environmental 0.141 0.225 0.000 0.736 1.359 0.053 -1.371

Solution

N 1,334

Adjust R2 0.970

38



Figure 9: Regression plot between ENV and Sub-categories
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Table 9: Multiple linear regression between SOC score and Sub-categories

SOC Ustd ≤ Std ≤ Sig. Tolerance VIF Skewness Kurtosis

(Constant) 0.735

Compensation 0.066 0.101 h0.001 0.877 1.140 -0.998 0.383

Diversity 0.129 0.143 h0.001 0.754 1.327 -0.148 -0.007

Employment 0.122 0.240 h0.001 0.700 1.428 0.090 -1.499

Quality

Human 0.080 0.161 h0.001 0.541 1.849 -0.193 -1.013

Rights

Labour 0.067 0.120 h0.001 0.475 2.104 -0.361 -0.679

Rights

Health and 0.121 0.173 h0.001 0.574 1.742 -0.350 -0.687

Safety

Training and 0.066 0.132 h0.001 0.642 1.557 -1.701 2.191

Development

Product Quality 0.175 0.238 h0.001 0.683 1.463 0.301 -0.342

and Safety

Community 0.085 0.146 h0.001 0.536 1.866 -0.093 -0.366

Relationship

Product 0.082 0.140 h0.001 0.733 1.365 0.485 -0.720

Access

N 1,334

Adjust R2 0.964
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Figure 10: Regression plot between SOC and Sub-categories
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Table 10: Multiple linear regression between GOV score and Sub-categories

GOV Ustd ≤ Std ≤ Sig. Tolerance VIF Skewness Kurtosis

(Constant) 0.068

Business 0.156 0.126 0.000 0.919 1.088 -1.579 3.949

Ethics

Capital 0.312 0.179 0.000 0.980 1.021 -0.027 -1.119

Structure

Corporate 0.143 0.215 h0.001 0.911 1.097 -0.594 -0.331

Governance

Transparency 0.069 0.162 h0.001 0.972 1.029 -0.386 -0.720

Forensic 0.320 0.232 0.000 0.994 1.006 -0.384 -0.477

Accounting

N 1,334

Adjust R2 0.980

Figure 11: Regression plot between GOV and Sub-categories
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As a result of multiple linear regression analysis in Table 8, Table 9,

and Table 10, it was confirmed that they were statistically significant in all

sub-categories. The regression equation derived from this is as follows: As-

suming that the value of each sub-category is known, each ENV, SOC and

GOV score can be calculated through our regression model, and the ESG

score of a smart city can be inferred from their average.

• ENV(Y) = - 0.295 + 0.123X1(Emissions)+0.162X2(Environmental Management)

+0.168X3(Waste) +0.103X4(Environmental Stewardship) +0.188X5(Resource Use) +

0.124X6(Water) +0.141X7(Environmental Solution)

• SOC(Y) = 0.735 + 0.066X1(Compensation)+0.129X2(Diversity+0.122X3

(Employment Quality) +0.080X4(Human Rights) +0.067X5(Labour Rights) +0.121X6

(Health and Sa f ety) +0.066X7(Training and Development) +0.175X8(Product Quality and

Sa f ety) +0.085X9(Community Relationship) +0.082X10(Product Access)

• GOV(Y) = 0.068 + 0.156X1(Business Ethics)+0.312X2(Capital Structure)+

0.143X3(Corporate Governance)+0.069X4(Transparency)+0.320X5(Forensic Accounting)

According to the proposed model, it was found that the Resource Use

category took the highest proportion to increase the ENV score, the Product

Quality and Safety category to increase the SOC score, and the Forensic

Accounting category to increase the GOV score.

In a smart city, various technologies that can use resources such as en-
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ergy and water as efficiently as possible must be combined with information

and communication technology (ICT) to provide a service that induces op-

timized resource consumption. In essence, being sustainable is a form of

enabling older generations to consume less and pollute less so that future

generations can enjoy a better living environment [14].

Since optimized resource consumption is ultimately about consuming

less resources, it seems reasonable that the related Resource Use and Waste

category should have the highest weight in the ENV score.

In SOC, it was found that Product Quality and Safety, and Diversity ac-

counted for a high proportion. According to the ESG book, Product Quality

and Safety consists of policies or monitoring related to product or service

quality, safety, and customer satisfaction, etc. Diversity encompasses equal

opportunities for women and minorities in workers and boards, and diver-

sity of suppliers. Based on previous research [63] that participation of the

women’s board was effective, it could be better to improve female board

election, employee and supplier’s diversity, and female members’ participa-

tion in boards. It was found that Forensic Accounting and Capital Structure

occupy a high proportion in GOV. Forensic Accounting is the degree to

which a company’s reported earnings adequately represent its actual finan-

cial position. Capital Structure is an sub-category that evaluates the relative

leverage level and debt ratio, and whether these are reflected in decision-

making.

44



ESG scores are used to identify companies that can perform better in

the long run, taking into account the principle of financial importance. There

is no right and sure way to build a smart city, but investment in smart cities

must continue to provide a better quality of life and a cleaner environment.

In Table 11, the result of further analysis, it was confirmed that only GOV

had a significant positive correlation with Return on Assets (ROA). In the

case of large projects such as smart cities, sound financial management as

well as management decision-making and communication with stakehold-

ers seems to be important because “win-win growth” is made as a platform

of a critical smart community.

Table 11: Correlation between ROA and ENV, SOC, GOV

Variable ROA

ENV Pearson’s r 0.064

p-value 0.146

N 510

SOC Pearson’s r 0.037

p-value 0.400

N 510

GOV Pearson’s r 0.227***

p-value h0.001

N 510
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4.3 Verification of ESG Score Prediction Model

Since there is no previously disclosed ESG level of a smart city, there

is no subject that can compare and verify the model formula derived from

this study. Hence, we collected the current (as of June 2022) score data

of 500 companies out of 1,334 company data as of December 2021 used to

derive the model formula, and compared the score and the score tested using

the model formula. The difference between the actual and tested values of

ENV, SOC and GOV was confirmed to be less than 1% of the actual value.

This can be interpreted to mean that the performance of the derived model

formula is high, and it is not a big issue in inferring the ESG score.

Table 12: Difference between actual value and calculated value

Category ENV SOC GOV

(Average of 500 companies)

Actual Value 51.48 54.01 50.46

Calculated Value 51.59 54.08 50.51

Difference(Actual Value - Calculated Value) -0.11 -0.07 -0.05
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Chapter 5

Discussions

5.1 Discussion and Summary

In this study, we sought to examine the levels of E, S, and G of the

current smart city through the data of companies belonging to the Infras-

tructure, ICT, and Service sectors that play a major role in the current smart

city. We tried to derive a model formula that can infer the ESG score through

multiple linear regression analysis as a next step. According to the descrip-

tive statistical results of 1,334 company data (as of December 2021) col-

lected through web scraping for our analysis, the current GOV score was

the lowest. In previous studies, institutional investors said that governance

factors have a great influence on investment decisions [60], so GOV evalua-

tion cannot be left out in the smart city planning stage. In addition, smart city

projects, which need to cover various organizations, improve transparency

between different organizational levels to achieve the project’s goals. This

positively affects the exchange of relevant information among various stake-

holder groups, thus contributing to the performance of the enterprise [59].

Currently, GOV seems to have the lowest average score as companies

of all sizes do not pay much attention to it. However, it also means that
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companies have room to further raise the GOV score, and it seems important

for companies to pay more attention to the GOV for shared growth for the

creation of smart cities. This is because large projects such as smart cities

are made up of platforms with various stakeholders.

In the results of correlation analysis between ENV, SOC and GOV

scores and company size, the scores of ENV and SOC showed a consistent

trend with increasing company size, but GOV had no relation with company

size. To see more detailed results, the correlation between sub-categories of

each column and the company size was conducted. In this result, the sub-

category scores of ENV and SOC showed a positive correlation as the com-

pany size increased, but both positive and negative correlations were found

in the GOV. This is thought to be inconsistent with the size because compa-

nies as a whole are sluggish in GOV. This paper emphasizes once again that

companies should voluntarily pay more attention to GOV.

The basic model formula derived through multiple linear regression

analysis could determine which sub-categories had a high proportion in each

column (ENV, SOC, GOV). When the derived model formula was verified

through 500 company data as of June 2022, the error was less than 1%,

confirming the high performance of the predictive model. Although there

are very few studies that assess the ESG level of smart cities or relate them,

it is meaningful in that this study attempted to estimate the level. In addition,

the influence between each column constituting ESG and its sub-categories
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was confirmed. This can be a reference material for companies planning a

smart city or participating in a smart city wants to requests or determines

the ESG target level.

5.2 Limitation and Future study

However, this study has several limitations as follows: First, this study

was based only on the data as of December 2021, and it was not possible

to examine whether the data improved or declined over time. Year-by-year

analysis is recommended because even if the score is low, if the score is

steadily increasing, there is room for improvement in the future. Second, the

limitations of the predictive model can be seen in that there is no target to

compare and verify the model formula derived through this study because

there is no previously disclosed ESG level of the smart city. Third, This

study investigated several countries to examine, but more in-depth results

can be expected when the countries are divisively analyzed. If each country

is analyzed separately, the weight of the variable may appear differently for

each country. Fourth, this study is meaningful in that it tried to examine

the ESG performance level of smart cities. However, the data from 1,334

companies cannot completely reflect the ESG level of smart cities. When

smart cities are activated in the future, research is needed to collect and

analyze the ESG scores of companies that are actually participating.
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