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Abstract: Cities’ role as major hubs of human activity and economic development is
essential in attaining sustainable development, fostering a balance between economic,
social, and environmental development, especially in light of the growing concern over
Anthropocene-induced environmental issues like global warming and climate change. The
United Nations Sustainable Development Goals (SDGs) represent a historic call for coordi-
nated international action in this area, with SDG 11 specifically identifying “Sustainable
Cities and Communities” as a primary objective. Therefore, it is clear that a paradigm
shift in our approach to these challenges in terms of our thinking, sensibility, behavior, and
responses is necessary. Implicitly, in view of their pivotal role in environmental sustain-
ability, development of “smart” cities as healthy, citizen-friendly, economically viable, and
sustainable cities for our future generations in today’s globally integrated world, as pre-
dominant centers of human settlement and activity with multinational enterprises driving
economic growth, gains the immediate attention of researchers. In this light, this study
aims to identify and thereafter prioritize key indicators of a smart city using the struc-
tured and consistency-focused best-worst multi-criteria decision-making (BWM) method,
suitable for expert-driven decision-making with limited comparisons. While the UN’s
SDG 11 promotes safe and resilient cities, our findings suggest a disparity in how local
officials prioritize certain dimensions such as safety or recreation. This disconnect warrants
closer examination of localized policy drivers. The findings of this study indicate that
according to experts, among others, the priority themes are, in order, water and sanita-
tion, wastewater, health, the environment, and the economy. Thus, these represent a key
take-away for multinational enterprises for identifying and assessing significant thrust
domains and areas of opportunity for intervention and contribution to the UN SDGs. It
also enables a replicable framework for synergy between the public and private sectors
towards contrastive intervention in other cities across the globe.

Keywords: UN; SDG; smart city; sustainability; multinational enterprises; best-worst method

1. Introduction

Rapid industrialization has improved living standards but has strained natural sys-
tems, necessitating a paradigm shift in sustainable development thinking. Human activities
have increasingly disrupted the delicate yet adaptive balance of natural ecosystems. In
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response, nature activates feedback mechanisms that operate across a wide range of spatial
scales—from local environments to the planetary level—and over varying timeframes,
from immediate to long-term consequences [1]. These resource and nutrient cycles include
carbon, water, nitrogen, phosphorus, oxygen and many others. All this poses a serious
question to humans—are we not significantly impacting nature’s regenerative ability? It is
thus increasingly evident that what is required is a paradigm shift in our way of thinking,
sensibility, behavior, and responses to approaching these challenges. In the approximately
last 7000 years of evolution of human society and culture, the global temperature has never
deviated beyond 2° F from today’s temperature. However, as per the Intergovernmental
Panel on Climate Change (IPCC), by the end of the current century, the global temperature
is estimated to rise steeply by 3.2° F even in a low greenhouse gas emission scenario. With
seemingly ever-increasing consumption of natural resources such as fossil fuels to meet
the growing energy needs, greenhouse gas emissions have also been found to increase.
Evidently, quitting smoking, like quitting fossil fuels, is not easy to achieve [2]. There has
been a continuous increase in recorded global surface temperature since the year 1880 [3].
As of the morning of March 3, 2016, data indicated that the average temperature across
the Northern Hemisphere had, for the first time in recorded history, exceeded the 2 °C
threshold above pre-industrial norms—an unprecedented milestone likely not seen since
the dawn of human civilization [4]. Due to global warming, a significant area of Green-
land has been affected by snowmelt between 1992 and 2007 [5], which is reflective of an
imminent danger of drowning for the low-lying land masses due to increase in sea level
caused by melting of snow in the Arctic and Antarctic circles. A study identified 20 cities
with the highest annual flood costs by the year 2050 across the globe. These are indicated
in Table 1. These cities are susceptible to drowning with an estimated annual flood costs of
USD 1 trillion [6].

Table 1. Projected annual flood costs in major global cities by 2050—signaling the urgency for resilient
urban infrastructure and smart city interventions.

13;'. City Country Continent Estimated Annual Flood Cost (Billion USD)
1 Miami USA North America 2.50
2 New York USA North America 2.00
3 New Orleans USA North America 1.80
4 Tampa USA North America 0.85
5 Boston USA North America 0.79
6 Guayaquil Ecuador South America 3.10
7 Abidjan Cote d’lvoire Africa 1.00
8 Mumbai India Asia 6.40
9 Kolkata India Asia 3.30
10 Chennai India Asia 0.93
11 Surat India Asia 0.92
12 Jakarta Indonesia Asia 1.70
13 Ho Chi Minh City Vietnam Asia 1.90
14 Bangkok Thailand Asia 0.73
15 Guangzhou China Asia 13.20
16 Shenzhen China Asia 3.10
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Table 1. Cont.
13; City Country Continent Estimated Annual Flood Cost (Billion USD)
17 Tianjin China Asia 2.20
18 Zhanjiang China Asia 0.89
19 Xiamen China Asia 0.72
20 Nagoya Japan Asia 0.64
(Source: [6]).

Socio-economic inequalities persist across the globe, particularly in terms of income
levels and access to essential resources like clean water, nutritious food, healthcare, and
education. Traditional economic indicators such as GDP and GNP fall short in capturing
the holistic well-being of societies and largely ignore the value of natural ecosystems and
the services they provide. According to World Bank data from 2010, more than 2.4 billion
people—nearly half the global population at the time—were surviving on less than USD 2
per day. UNICEF’s 2010 estimates reveal that approximately 22,000 children under the age
of five were dying each day due to preventable causes rooted in poverty and malnutrition.
In parallel, biodiversity loss continues at an alarming rate, with conservative projections
indicating that over 5000 species disappear annually—a rate nearly 10,000 times higher
than what was observed before significant human impact on the planet [7]. Thus, achieving
economic development coupled with social development without negatively impacting
and derailing environment should be a key objective of human race. There is no alternative
to sustainable development, and sustainability is now the key driver of innovation.

The 17 Sustainable Development Goals (SDGs), introduced at the United Nations
Summit in September 2015, officially came into effect on 1 January 2016, marking a global
commitment towards sustainable and inclusive development [8]. These goals form the
foundation of the 2030 Agenda for Sustainable Development and are applicable to all
nations, regardless of their economic status. Over a 15-year horizon, countries are expected
to collectively address major global challenges—eradicating poverty, reducing inequality,
and confronting climate change. As successors to the Millennium Development Goals
(MDGs), the SDGs broaden the scope by aiming to eliminate all forms of poverty while
promoting equitable growth and environmental sustainability. What sets the SDGs apart is
their universality—they call upon developed, developing, and least-developed countries
alike to act in tandem. The framework emphasizes that combating poverty must be aligned
with fostering economic progress and ensuring access to healthcare, education, employ-
ment, and social security, alongside safeguarding natural ecosystems. Complementing the
SDGs, the Paris Agreement—effective from November 4, 2016—reinforced global climate
governance. As the first legally binding international treaty uniting all nations under a
shared vision, it urges ambitious mitigation strategies and resilience-building measures,
especially through enhanced financial and technical assistance to developing nations. This
study addresses the pressing need to bridge global sustainability goals with actionable
strategies for multinational enterprises (MNEs) via smart city development.

1.1. Link Between Population, Economy, and Emissions

The World Bank new climate economy report 2014 illustrates a close link between pop-
ulation economy and emissions among the various countries across the globe at different
stages of development, as depicted in Table 2.
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Table 2. Link between population, economy, and emissions among the various countries across the
globe at various stages of development.

Low-Income Countries Middle-Income Countries High-Income Countries
USD 1035 or Less GNI/Capita USD 1035—1?,616 GNI/ USD 12,616 or More
36 Countries Capita GNI/Capita
~0.9 Billion People 103 Countries 74 Countries
) P ~4.9 Billion People ~1.3 Billion People
Kenya | 860 Brazil [l 1,630 us I > 340
Bangladesh | 840 Mexico [l 9.640 sopan [N 47,570
Top 10 most Nepal | 700 china [l 5720 Germany NN 45170
populous Afghanistan | 680 Indonesia [ 3,420 France | 41850
ordered by GNI Tanzania | 570 Egypt, ArabRep. | 2,980 uk [ 35500
Per Capita in Mozambique | 510 Philippines ]| 2,500 italy | 34720
2012 Current Uganda | 480 Nigeria | 2,490 spain [ 29340
Usb i SK I 22670
Madagascar | 430 India | 1,550 SROrER ’
Ethiopia | 380 Vietnam I 1,550 Russia - 12,700
Congo, Dem. Rep. | 230 Pakistan | 1,260 A |
Share of world
GDP in 2012
Share of world
GHG emissions
in 2010
excluding LUCF

Note: GNI per capita is based on the World Bank Atlas Method (current USD). GHG emissions exclude land use,
land use change, and forestry (LULUCE). Illustration based on data compiled and interpreted by the authors
using information from [9].

While 74 countries classified as high-income countries, representing 1.3 bn people,
have a share of 68% in the world’s GDP, their share of the world’s greenhouse gas (GHG)
emissions is 43%. In contrast, 36 countries classified as low-income countries, represent
0.9 bn people and have a 1% share of the world’s GDP, while only 2% of the world’s GHG
emissions is attributed to them. The 103 countries across the globe classified as middle-
income countries, represent 4.9 bn people and have a 31% share of world’s GDP while
contributing a 55% share of the world’s GHG emissions. Thus, middle-income and high-
income countries have a critical role to play in curbing GHG emissions and perpetrating
environmental sustainability.
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1.2. Role of Cities in Sustainability

The growing significance of smart cities as a framework for sustainable urban devel-
opment is closely linked to global climate commitments, particularly the Paris Agreement
and the United Nations Sustainable Development Goals (SDGs). The 2015 Paris Agreement
establishes ambitious global goals to reduce greenhouse gas (GHG) emissions, promote
low-carbon solutions, and enhance climate resilience in order to mitigate climate change.
The central aim of the Paris Agreement is to support countries in building urban resilience
and developing policies that reduce climate-related risks, especially in vulnerable commu-
nities. Given that urban areas account for nearly 70% of global carbon emissions and over
80% of global GDP [10], the transition towards smart, sustainable cities is a key component
in achieving these international climate goals. For example, Article 7 of the Paris Agree-
ment calls for enhancing adaptive capacity and urban resilience, which aligns directly with
our top-ranked themes such as solid-waste management and urban health infrastructure.
Similarly, Article 9 emphasizes financial flows for climate-resilient development, resonating
with the prioritization of water and sanitation infrastructure identified in our BWM results.
These links validate that municipal priorities identified in our study reflect critical elements
of international climate governance.

Multinational enterprises (MNEs) play a pivotal role in this transformation by lever-
aging technological innovation, data-driven urban planning, and strategic investments to
enhance urban resilience and reduce environmental footprints [11]. Recent studies high-
light that MNEs contribute significantly to smart city development through initiatives such
as energy-efficient infrastructure, waste management solutions, digital governance models,
and intelligent transportation systems [12]. MNEs, on the other hand, lack a structured
framework for systematically identifying and prioritizing key smart city themes that align
with sustainability requirements, despite their growing involvement. By using a best-worst
multi-criteria decision-making (MCDM) strategy to evaluate and rank important smart
city themes, this study fills this void. The rationale behind this methodological choice lies
in its ability to optimize decision-making with fewer comparisons, enhanced consistency,
and reduced subjectivity [13]. By integrating insights from climate policies, sustainability
frameworks, and empirical research on urban development, this study provides a compre-
hensive analytical foundation that informs both policymakers and corporate stakeholders
on optimal intervention areas. These contributions enhance our understanding of how
climate agreements shape smart city planning and provide a structured decision-making
approach for MNEs to drive impactful and scalable sustainability initiatives. Cities like
Copenhagen and Singapore have shown success in aligning urban planning with environ-
mental goals using real-time air quality monitoring and sustainable transport networks,
reinforcing the validity of smart city interventions.

The rationale for focusing on smart city themes in the context of sustainable develop-
ment stems from the increasing urbanization rate and the need for data-driven decision-
making frameworks to enhance sustainability. According to a study by [14], in line with
the UN Habitat report of 2021, 66% of the global population will reside in cities by 2050,
necessitating structured urban policies that balance economic, social, and environmental
objectives. This study identifies key indicators that align with SDG 11 (Sustainable Cities
and Communities) and SDG 9 (Industry, Innovation, and Infrastructure), thereby offering a
replicable model for MNEs to contribute to urban sustainability initiatives effectively.

As defined in the Brundtland Report, “Sustainable development is development that
meets the needs of the present without compromising the ability of future generations to
meet their own needs” [15]. Refer to Figure 1 for the pillars of sustainable development
that have been prepared based on the background paper prepared for consideration by the
UN High Level Panel on Global Sustainability at its first meeting, 19 September 2010.
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Figure 1. Author-developed diagram illustrating the three interconnected pillars of sustainable
development—social, economic, and environmental—based on the conceptual framework presented
in the Brundtland Report [15].

Cities across the globe, as predominant centers of human settlement and activity, are
a major driver of economic growth. In the current ongoing debates and projections, over
53.85% of the global human population is living in urban areas [9], which is expected to
reach 66% by 2050 [16]. Half of the world’s population lives on just 1% of the land [17].
Furthermore, there lies a close resemblance between the population density map and
gross domestic product (GDP) density map [18], indicating dense human settlements as
predominant centers of economic activity. GDP density is a measure reflecting GDP per
square kilometer of area. With an increasing proportion of the world’s population rapidly
becoming urbanized (refer to Figure 2), the role of cities cannot be undermined. Their role
is critical for sustainability.

Cities today | Cities in 2050

, 70% of World
2% of Earth’s surface
50% of World
____population | Required to double
75% of Global the urban capacity
energy consumpetion developed over the
80% of Global CO, past 4000 yrs
emissions

Figure 2. Author-illustrated depiction of rapid urban population growth as a rationale for focusing
on cities. Conceptual basis drawn from data and discussions in [19].

Further, the analysis of the World Bank new climate economy report 2014 focuses on
the three key economic systems, viz., urban systems, land use systems, and energy systems.
Over the coming decades, these economic systems, which will be the locations of much
of the growth in the global economy, are also a source of the most global GHG emissions.
Further, these economic systems will be driven by three key drivers of change, namely
efficiency in resource usage, investment in infrastructure, and innovation. Cities, thus,
predominantly feature one of the key economic systems depicted in Figure 3.
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ENERGY
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CHANGE l
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Figure 3. Author-developed schematic showing three major economic systems and key transfor-
mational drivers, created using ideas discussed in [20]. Arrows indicate an intricate simultaneous
interplay of the three major economic systems and key transformational drivers leading to a wider
economy and ahigh quality, inclusive and resilient growth which implies a better growth outcome.
Note: Cities include urban transport, land use includes forests, and innovation includes economy-
wide innovation.

The World Bank highlights the central role of urban areas as key drivers of economic
growth and human development. Urbanization is accelerating, with both emerging cities
and large-scale “megacities” projected to witness a population increase exceeding one billion
within the next decade and a half. These urban centers are responsible for approximately 80%
of the world’s GDP, while also accounting for nearly 70% of global energy consumption and
related greenhouse gas emissions. Despite their economic significance, many urban expansion
efforts remain poorly planned, often resulting in substantial socio-economic disparities and
environmental degradation. Research increasingly supports the notion that compact, well-
integrated urban design—especially those centered on efficient mass transit systems—can
enhance economic productivity, reduce emissions, and improve overall public health.

The UN Sustainable Development Goal 11 also lists Sustainable Cities and Communi-
ties as a key goal. The cities thus become critical centers for addressing some of the pressing
challenges faced by human society at large such as global warming and the necessity of
monitoring them due to their pivotal role in environmental sustainability. Evidently, “Smart
city” is a buzz word these days for an organized, efficient urban settlement. For example,
under the leadership of the Indian Prime Minister Narendra Damodardas Modi, “Smart
City Mission” was launched by the Government of India recently, wherein 100 selected
cities across India are to be developed as smart cities. Under India’s Smart City Mission,
130 million Indians, which is about 35% of the urban population in India, spread across
98 cities, shall be covered [21]. To be called a “smart city”, a city should provide its residents
with a smart, connected urban infrastructure, which can improve their quality of life.

Thus, development of citizen-friendly, economically viable, and sustainable cities gains
immediate importance. The economy, health, water, and the environment are amongst
the key pillars of quality of life for citizens. This is especially significant for developing
nations because they house a significant portion of the world’s seven billion or more
people. Essentially, for its success, the role of citizens, policymakers, urban town planners,
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and public and private sector participation is vital. Further, in the currently prevalent
scenario of the liberalization, privatization, and globalization (LPG) model for global trade,
another dimension is added to the balancing of economic growth with sustainability in an
era of a close-knit world with enhanced citizen expectations of demanding citizens and
businesses witnessing hyper-competition. In light of all these factors and a constructive
drive for progressive change, this work seeks to assess some of the core indicators of “city
smartness” in terms of health and environment in selected global cities that are already
considered smart or are aspiring to become smart. Their evolving significance, importance,
and inter-relationships from a global perspective are analyzed.

A sample case of urban municipal corporation officials in India is also discussed as
an example of their priorities, representative of the perception of urban town planners
in a large developing-world country (currently the world’s second-largest country by
population and home to almost 18% of the global human population, which is increasingly
becoming urbanized). By the year 2030, about 40% of the Indian population is expected to
be living in cities. All this is with an aim to eventually target transformation of the lives and
living conditions of citizens. Evidently, with increasingly urbanized society, sustainable
production and consumption practices of the citizens are also imperative for sustainability.
This must be kept in mind while developing our cities as smart cities. This is particularly
important and relevant for a developing-world country such as India, in view of the Indian
Government’s recently launched “Smart City Mission” initiative, wherein 100 selected
cities across India are to be developed as “smart cities”.

To give greater strength to our high-priority smart city indicators’ linkage with the
Paris Agreement, we have associated each high-priority theme with specific Paris Agree-
ment articles, clauses, and Nationally Determined Contributions (NDCs) where appropriate.
For instance, Article 7 of the Paris Agreement calls for increasing adaptive capacity and
resilience, which is translated into various national NDCs through sectoral actions towards
urban solid-waste management and public health infrastructure. India’s NDC, for instance,
lists commitments towards enhanced municipal solid-waste management and urban sani-
tation, corresponding directly to our high-priority themes. In a similar manner, Article 9’s
stress on climate-resilient financial flows is implemented at the national and city level in
the form of investments in water and sanitation infrastructure, as articulated in the SDG
6 targets (6.1, 6.2) and SDG 11.5 (mitigating the impacts of natural disasters in cities). To fur-
ther cross-validate these associations, Table 14 has provided a direct correspondence of our
high-priority indicators to the concerned SDG targets and sub-indicators and some chosen
actions of India’s National Action Plan on Climate Change (NAPCC). This methodology
illustrates that our prioritization framework is not merely theoretically consonant with
global agreements but is also practically entrenched in national and local policy documents.
India’s Nationally Determined Contributions (NDCs) under the Paris Agreement focus on
waste-to-energy, water sustainability, and urban settlement resilience building. Article 7.9(a)
promotes climate-resilient infrastructure adaptation planning—solid waste and wastewater
are the focus of our discussion. Article 9.4 also highlights increased financial flows to
least-developed countries, once again highlighting the role of low-cost water/sanitation
interventions in urbanizing economies such as India.

2. Literature Review
2.1. Systematic Literature Review on Smart Cities

A systematic, reproducible, and transparent methodology adoption is said to have
improved reviews in a field. In light of the above, a systematic literature review method

is followed. An extensive literature review based on the Elsevier Scopus database was
carried out, as indicated in Figure 4. It is found that the number of academic documents
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has been rapidly increasing since the year 2009, signifying growing interest for smart cities
in academia. Similarly, the academic interest for studies on the “smart city” concept spans
across almost all the continents, but Europe is found to be the front-runner, as can be seen
from Figure 5. Similarly, academic fraternity ranging from business management and
accounting to computer science to engineering to mathematics to physics and astronomy
to energy to environmental science to social sciences, etc., has published academic articles
related to smart cities in English. This has been shown in Figure 6.

800 -

700 -

600 -

500 ~

400 -

300 -

200 -

100 ~

Number of academic documents (Conference Papers, Articles, Articles in Press, Re-

views, Book Chapters, Editorials, Short Survey) on the topic of Smart Cities

682

574

Number of academic
386 documents (Conference
Papers, Articles, Articles
229 inPress, Reviews, Book
Chapters, Editorials, Short

91 Survey)
8

2009 2010 2011 2012 2013 2014 2015

77 T T T T T T 1

Figure 4. Yearly growth of the academic literature on smart cities in the Scopus database, reflecting
increasing global research focus on urban sustainability and technological innovation.

Figure 5. Geographic distribution of smart city research publications by country, highlighting regional
academic leadership and focus areas in urban sustainability (adapted from Scopus and visualized
using National Geographic Map Maker).
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Figure 6. Number of academic articles published in English on the topic of smart cities in the Scopus

database by subject area.

2.2. Definitions and Conceptual Framework of Smart Cities

The literature review (LR) indicates that cities matter a lot for sustainability, and
researchers have been highlighting their pivotal role, as shown by some of the research

works indicated in Table 3.

Table 3. Pivotal role of cities in sustainability.

Sr.
No.

Importance

Source

There is a close link between population economy and emissions among the various countries across
the globe at different stages of development.

Middle-income and high-income countries have a critical role to play in curbing GHG emissions and
achieving environmental sustainability.

Approximately 54% of the global human population is living in urban areas.

There are three key economic systems, viz., urban systems, land use systems, and energy systems.
Contemporary urban systems are expanding rapidly—from fast-growing cities in developing nations
to densely populated global megacities—with urban populations expected to increase by over one
billion in the next 15 years.

Cities currently contribute nearly 80% of the world’s gross domestic product (GDP) and are responsible
for approximately 70% of energy consumption and greenhouse gas emissions linked to energy use.

A significant portion of this urban expansion lacks proper planning, leading to adverse economic,
environmental, and social impacts.

As hubs of economic activity, cities are projected to drive much of the global economic expansion in the
coming decades, but they also represent a major concentration of greenhouse gas emissions globally.

[20,22]
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Table 3. Cont.

Sr.
No.

Importance

Source

e  The percentage of the global population residing in urban areas is expected to reach 66% by 2050.
e  Sustainable Cities and Communities are one of the key Sustainable Development Goals.

[16,23]

There is a close resemblance between the population density map and gross domestic product (GDP) density
map, indicating that dense human settlements are the predominant centers of economic activity.

[18]

° Sustainable Development Goal 11, which focuses on urban development, and Goal 17, which
emphasizes partnerships and implementation strategies, intersect with and support the achievement of
all other SDGs.

e  While the idea of “smart cities”—which leverage science, technology, innovation, and emerging data
for improved urban governance—has gained global momentum, it is not explicitly reflected in the
current targets outlined under SDG 11.

[24]

A smart and sustainable city can be understood as one that leverages information and communication
technologies (ICT) and related innovations to enhance the quality of life of its residents, streamline urban
operations and service delivery, and foster economic competitiveness. At the same time, it remains
committed to addressing the long-term needs of both current and future populations across economic, social,
environmental, and cultural dimensions.

[25-27]

A city is considered ‘smart” when it strategically integrates investments in human and social capital along
with both conventional infrastructure—such as energy and transportation—and advanced digital
technologies. This integration supports sustainable economic progress, enhances residents” quality of life,
and promotes responsible natural resource management, all while fostering active citizen participation and
collaborative governance.

[28]

e  (Cities contribute approximately 80% of global GDP, and residents of densely populated urban areas
often exhibit lower per capita energy use, require fewer infrastructure resources, consume less overall,
and demonstrate higher economic productivity.

e At their core, cities are concentrations of people and institutions that enable economies of scale in the
planning, organization, and provision of essential services.

[29]

There is a significant role of quality of life and sustainability in the creation and management of smart cities.

[30]

Nearly 50% of the global population is concentrated on only about 1% of the Earth’s land surface.

[17]

10

Real smart cities will have to take much greater risks with technology, devolve power, tackle inequalities,
and redefine what they mean by the term smart itself if they want to retain such a lofty title.

[31]

11

At the United Nations General Assembly in September 2015, Prime Minister Narendra Modi reiterated
India’s commitment to achieving the Sustainable Development Goals (SDGs). He emphasized the vision of
transforming Indian cities into engines of inclusive growth—smart, sustainable, and livable—by the year
2030. This declaration echoed earlier national goals aimed at eradicating poverty and ensuring universal
access to housing and essential urban services within the first half of the decade.

[32,33]

12

Under India’s Smart City Mission, 130 million Indians, which is about 35% of the urban population of India,
spread across 98 cities, shall be covered.

[21]

Furthermore, according to LR (see Table 4), there is not a single agreed-upon definition

i

of what a “smart city” is. Various terms, such as “cyberville”, “digital city”, “electronic
communities”, “flexicity”, “information city”, “intelligent city”, “knowledge-based city”,
“MESH city”, “telecity”, “teletopia”, “ubiquitous city”, and “wired city”, have been used
by researchers to refer to similar concepts. The definition differs from nation to nation and
city to city, depending on the degree of development, the resources and aspirations of the
city’s citizens, and their willingness to change and reform.

Implicitly, the role of active, well-informed, participative citizens and government is
the underlying base of a smart city, coupled with connected infrastructure and services,
as well as efficient, judicious, and sustainable use of resources with minimum impact on
the environment. Smart services span across health, education, finance, recreation, and
e-Governance to ensure clean, safe, and healthy living conditions for citizens.
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Table 4. Concepts/definitions of a smart city.

Sr. Concept/Definition of a Smart City Source

The idea of a smart city is dynamic and evolving; it lacks a fixed definition or final destination. Instead, it
1 represents an ongoing journey or set of stages through which cities enhance their livability, resilience, and [34]
ability to adapt more effectively to emerging challenges.

Although one might view a city’s infrastructure and services, reflecting citizens’ aspirations, as a basic
requirement for it to be considered “smart”, urban planners strive to enhance the entire urban ecosystem.

2 This holistic approach is framed around four key pillars of development: institutional, physical, social, and (351
economic infrastructure.
e  “Smart City” is a multifaceted, fluid term incorporating within its ambit a gamut of wide-ranging
domains from urban town planning to traffic management to allocating and coordinating emergency
3 services to stabilizing electricity power grids to higher-education policy to providing a plethora of city [36]
information to citizens.
e  The 2010 Shanghai Expo was an early test of many smart city technologies in China, as well as an
important promoter of the smart city concept.
A smart city integrates technology, government, and society to foster several key features: smart economy,
4 smart mobility, smart environment, smart people, smart living, and smart governance. It is a developed [37]

urban area that promotes sustainable economic growth and enhances the quality of life by excelling in
sectors such as economy, mobility, environment, people, living conditions, and governance.

A smart city is an advanced urban area that fosters sustainable economic growth and enhances the quality of
5 life by excelling in several key sectors, including the economy, mobility, environment, community, living [38]
conditions, and governance.

A smart city embeds digital technology throughout its functions to improve efficiency and services. It also
6 ensures sustainability in economic activities and job creation, providing opportunities for a diverse range of [27]
residents, irrespective of their education, skills, or income levels.

A smart city is one which offers sustainability in terms of economic activities and employment opportunities

7 to a wide section of its residents, regardless of their level of education, skills, or income level. [25]
A city is considered ‘smart” when investments in human and social capital, along with both traditional
8 infrastructure (like electricity and transport) and modern communication technologies (ICT), drive [25]

sustainable economic progress and a high quality of life. This is achieved through the wise management of
natural resources and active community involvement.

2.3. Role of Cities in Global Sustainability Agendas

Modern efficient infrastructure comprising buildings, facilities, equipment, machinery,
and transportation enables and promotes high-quality work opportunities along with
high-quality living. Air, water, and energy are the critical resources cutting across all smart
city domains and require efficient and effective usage. Because they have a direct impact on
urban sustainability, public health, and economic productivity, air quality indicators play a
crucial role in the development of smart city policies. Smart cities integrate advanced air
quality monitoring systems to assess pollution levels and formulate data-driven policies
aimed at reducing emissions, optimizing urban mobility, and promoting green infrastruc-
ture. Governments and municipal authorities use air quality data to enforce environmental
regulations, design low-emission zones, and implement real-time traffic management sys-
tems. For instance, cities like Singapore and Copenhagen have successfully integrated
air quality data into their urban planning frameworks, leading to improved air quality
and enhanced livability. Given the increasing concerns over air pollution, particularly in
rapidly urbanizing regions, the prioritization of air quality indicators in smart city policy
frameworks has become imperative. This study identifies key trends, challenges, and best
practices in sustainable urban management by examining the relationship between air
quality indicators and smart city policies.

The concepts/definitions have been summarized through a smart city framework in
Figure 7 [35,39].
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Figure 7. A summary of smart city concepts.

The systematic review of smart city frameworks highlights recurring sustainability
themes, including energy efficiency, mobility, digital infrastructure, and governance. Also,
the relevance of ISO 37120 indicators is reinforced through comparative insights from pre-
vious smart city assessment models, emphasizing their alignment with climate agreements
and SDGs. Past studies have identified key drivers of smart cities and their contributions
to sustainability. Most of such studies, nonetheless, have covered individual areas such as
energy or mobility or used generic prioritization techniques that are not specially config-
ured to local policymaking contexts. For instance, the Analytic Hierarchy Process (AHP)
has been utilized to estimate smart city themes; however, limits of sparse expert inputs and
strict requirements for pair-wise comparison consistency were not accounted for. Another
study, nonetheless, prioritized health and security but did not systematically link them
to Sustainable Development Goal (SDG) targets or national plans of action. Our research,
however, contributes to the subject by:

(1) Including a formal BWM methodology that reduces the inconsistency of comparison
and is appropriate for situations where there is sparse expert opinion.

(2) Clearly connecting prioritized issues to both national policy instruments and SDG
sub-indicators, thus operationalizing the global-to-local policy linkage.

Closing the gaps in previous research by providing a replicable decision framework
that can be applied across a range of urban environments and policy regimes. This com-
bined synthesis illustrates how our research builds upon and expands the existing literature,
filling gaps in policy usefulness and methodology. Prior studies have emphasized either
technological aspects (e.g., ICT and governance) or social infrastructure but lack integration
of multi-stakeholder perspectives, especially from the lens of multinational enterprises.
Our study extends this literature by introducing a novel application of ISO 37120 and
best-worst MCDM, allowing expert-driven prioritization under limited-resource settings.
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The International Organization for Standardization (ISO) 37120 Smart City Standard
of 2014 also identifies the seventeen schematic themes of a smart city. These seventeen
themes are outlined in Table 5.

Table 5. ISO smart city schematic themes.

Sr. No. Indicators Sr. No. Indicators
1 Wat.e r ?nd 10 Environment
Sanitation
2 Urban Planning 11 Safety
3 Solid Waste 12 Energy
4 Transportation 13 Recreation
5 Wastewater 14 Governance
6 Shelter 15 Economy
7 Health 16 Telecommunication and Innovation
8 Education 17 Fire and Emergency Response
9 Finance

2.4. Role of Multinational Enterprises

Multinational enterprises (MNEs) play a crucial role in advancing sustainable devel-
opment. In recent years, there has been growing focus on the ethical, environmental, and
social aspects of business, often framed under the umbrella of corporate social responsibil-
ity (CSR).

Many multinational corporations (MNCs) recognize immediate business advantages
from proactive environmental management, such as reduced costs, lower risks, and en-
hanced operational efficiency. Additionally, they see long-term benefits from supporting
sustainable development, including improved competitive advantage, conservation of
essential resources, positive corporate reputation, and new product opportunities. Further-
more, many companies acknowledge that a strong reputation in corporate citizenship can
result in easier access to capital, reduced operational expenses, better financial performance,
and a stronger brand image. Numerous MNCs are launching voluntary environmental
initiatives, often labeled as ‘corporate citizenship’, to address public concerns about the
environmental impact of their operations and facilities. Transnational corporations are piv-
otal in shaping, spreading, and solidifying sustainable development within the framework
of globalization and multinational business practices.

By leveraging multinational industries, civil society organizations are able to use
companies’ global networks to push for social and environmental agendas in the global
economy. While many business guidelines focus more on environmental sustainability,
they often overlook the social aspects, particularly the needs of the poorest, as originally
emphasized in the Brundtland Report. This highlights the potential for MNEs to adopt a
triple bottom line approach, balancing profit, environmental impact, and social welfare
while contributing to the UN’s Sustainable Development Goals (SDGs).

In countries like India, MNCs are among the largest investors in education. According
to the CSR Rules (India), which took effect on 1 April 2014, companies meeting certain
financial thresholds are required to spend 2% of their average profit over the last three
years on social development initiatives, including education, healthcare, sanitation, and
poverty alleviation. Among the 11 activities listed in Schedule VII of the rules, education,
skill development, and healthcare remain the top priorities for Indian public sector units
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(PSUs). Furthermore, MNCs are increasingly collaborating with both central and state
governments to address developmental challenges.

According to the NASSCOM report, education is the area with the most spending,
followed by hunger and poverty, and gender equality (refer Figure 8). It is thus evident that
MNCs need to develop a comprehensive look at the various areas of SDGs and thereafter
deciding on their thrust areas. Research and evidence-based inputs such as through this
research work can facilitate them in their decision-making towards achieving this objective.

EDUCATION

\ HUNGER & POVERTY /
\GENDER EQUALITY /

Figure 8. Author-generated illustration of major CSR spending areas by multinational corporations
in India, using data extracted from the NASSCOM report [40].

2.5. Thematic Grouping and Critical Synthesis

There have been three thematic strands of prior research on smart city prioritization
frameworks, particularly in the context of sustainable development: global trends and
sustainable development:

(1) Global trends and sustainable development: The difficulties posed by rapid industri-
alization, climate change, and socioeconomic inequality are highlighted in the early
discussions [1,3,7]. These studies gave sustainable development agendas their start,
but they did not have any specific guidelines for urban policy or private sector inter-
vention. Although they provided data on global flood costs, they did not provide a
structured framework for placing smart city initiatives in order of importance.

(2) Frameworks and directions for action: The SDGs and the Paris Agreement gave
us a planned way to deal with these problems [8]. However, these frameworks
remained high-level and needed to be translated into city-level strategies that could
be implemented. The Paris Agreement emphasized lowering greenhouse gas (GHG)
emissions, but it did not explicitly link to specific smart city indicators that were
relevant to local contexts.

(3) Urbanization and economic factors: An examination of the economy, population,
and emissions revealed that cities play a crucial role in driving economic expansion
and greenhouse gas emissions [9,16,18]. Even though World Bank studies empha-
sized the significance of cities, they did not provide specific strategies for balancing
economic growth with environmental sustainability. In addition, this does not take
into account the urban poor, who make up more than 45% of the global population
and are frequently left out of smart initiatives. Ref. [9] linked smart city themes to
climate agreements like the Paris Accord but focused narrowly on carbon emissions,
neglecting critical social dimensions such as health and sanitation. For example, [9]
analyzed GHG emissions across income groups but omitted discussions on equitable
resource distribution in urban contexts.



Sustainability 2025, 17, 4251

16 of 30

2.6. Gaps Addressed by This Study
Our work advances the field by addressing three critical limitations in prior research:

(1) Policy operationalization: The SDGs and climate agreements are recognized as impor-
tant in the existing literature, but there are no concrete ways to turn these global goals
into local smart city priorities. By using BWM to identify and prioritize specific smart
city themes aligned with SDG targets and national action plans (such as water and
sanitation, wastewater, and health), this study closes this gap.

(2) Context-specific prioritization: Although global trends and economic factors are well
documented, a deeper comprehension of localized policy drivers is required. To
address this limitation, our study uses expert-driven decision-making to ensure that
priorities reflect the city’s unique context and its stakeholders, contrasting global
directives with local demands.

(8) Structured decision-making for MNEs: Previous research has acknowledged the role
of MNEs in the development of smart cities, but it has not offered a structured frame-
work for their strategic intervention. Our research provides MNEs with a replicable
and scalable model for identifying significant domains and areas of opportunity for
contributing to the UN SDGs while taking into account resource disparity and eq-
uity. This is accomplished by employing the best-worst method (BWM). The BWM
framework brings in methodological rigor and reduces subjectivity and enhances
consistency, particularly under constraints of limited expert input.

3. Methodology
3.1. Research Motivation and Background

A systematic literature review reveals a strong correlation between population growth,
economic expansion, and greenhouse gas emissions, which collectively contribute to climate
change challenges. In this context, urban settlements—particularly smart cities—emerge
as a crucial enabler of sustainability. Prior research highlights the necessity of a holistic
approach to tackling these challenges, emphasizing that multinational enterprises (MNEs)
play a pivotal role in supporting the United Nations Sustainable Development Goals
(UN SDGs).

Given this backdrop, our study is structured to empirically identify priority interven-
tion areas in smart city development while aligning with the SDGs. This necessitates a
research-driven, evidence-based approach to evaluating and prioritizing smart city themes.
The central objective of this study is to identify and prioritize key smart city themes that
align with the UN Sustainable Development Goals (SDGs), particularly SDG 11 (Sustain-
able Cities and Communities). Recognizing the strategic role of multinational enterprises
(MNEs) in advancing urban sustainability, the study employs a structured decision-making
framework to guide targeted interventions. In light of increasing urbanization and the need
for scalable sustainability solutions, this research integrates expert insights with a robust
analytical methodology to derive actionable priority areas for smart city development.

3.2. Research Questions

This study aims to answer the following key research questions (RQs):

RQ 1: In order to align with global sustainability objectives and climate agreements,
how can indicators for smart cities be prioritized?

RQ 2: Why is the best-worst multi-criteria decision-making (BWM) method an optimal
approach for prioritizing smart city themes compared to other MCDM techniques?

Table 6 addresses this question in detail.



Sustainability 2025, 17, 4251 17 of 30
Table 6. Comparison table: BWM vs. other MCDM techniques.
. T Advantages of BWM Over
S.No. Technique Key Features Limitations This Technique
. Widely used; intuitive; High number of BWM requires fewer
AHP (Analytic M . . . comparisons
1. . based on pairwise comparisons; inconsistent .
Hierarchy Process) . . (2n-3vs. n(n-1)/2), yields
comparisons judgments hi .
igher consistency
TOPSIS (Technique for Ranks alternatives based . . BWM focuses on deriving
. Requires normalization; . .
2. Order of Preference by on distance from o reliable weights, does not
L . . - sensitive to scale - -
Similarity to Ideal Solution) ideal solution require complex normalization
ANP (Analytic Consu:lers . .Compjutatlonally BWM is simpler and more
3. interdependencies intensive; complex for practical for problems with
Network Process) L .
among criteria small samples fewer experts or limited data
VIKOR (VIseKriterijumska Compromise solution Sensitive to weight BWM derives weights based
RS approach; useful when . ) .
4. Optimizacija I .. assignment; requires on actual expert preferences,
Kompromisno Resenje) decision-maker wants normalization increasing transparen
ompromisno Resenje trade-offs ormalizatio creasing transparency
Suitable for outranking Difficult to interpret: BWM is more intuitive,
5. ELECTRE problems with pret; transparent, and easier to

qualitative data

complex for large datasets

explain to stakeholders

RQ 3: How do these indicators drive strategic urban interventions and what are the

main factors that influence MNE contributions to smart city development?

By addressing these questions, the study bridges the gap between theoretical discourse

and practical urban sustainability frameworks.

3.3. Research Objectives

To systematically investigate these research questions, the study is structured around

the following three key objectives:

@
@)

®)

To examine the role of cities in sustainable development, particularly their impact on

climate mitigation and adaptation strategies.

To analyze the concept of “Smart Cities”, identifying key thematic areas and perfor-

mance indicators relevant to sustainability.

To assess the prioritization of various smart city themes, applying a structured multi-

criteria decision-making (MCDM) approach.

3.4. Research Scope and Methodology

The study focuses on smart city schematic themes and core performance indicators, as

derived from an extensive literature review.

3.4.1. Primary Data Collection:

A questionnaire-based survey was conducted over one week, targeting 36 municipal

officials with expertise in urban governance, sustainability policies, and smart infrastruc-

ture planning. The respondent profile includes assistant and executive engineers, health

officers, and sanitary inspectors with degrees in engineering and medicine, ensuring do-

main relevance and diversity (refer to Table 7 and Figures 9 and 10). The expert panel

comprised 15 professionals with >10 years of experience in sustainability or smart city

domains. Participants included academics (6), industry practitioners (5), and policymakers

(4). The selection criteria prioritized expertise in SDG-aligned urban development.

Expert-driven insights were gathered using a purposive convenience sampling

method, despite the study’s inherent limitations (such as a small sample size and regional

policy variations).
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Table 7. Breakdown of the respondents by designation.

Sr. No. Designation Percentage of the Respondents
1 Asmstant.Executlve 33%
Engineer
2 Assistant Engineer 11%
3 Executive Engineer 33%
4 Health Officer 4%
5 Municipal Engineer 4%
6 Sanitary Inspector 7%
7 Sanitary Officer 4%
8 Superintending Engineer 4%
100 g5
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0
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Figure 9. Breakdown of the respondents by education.
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Figure 10. Breakdown of the respondents by department.

3.4.2. Analytical Approach:

A systematic literature review provided an initial understanding of smart city sustain-
ability dynamics.

Experts identified, ranked, and classified smart city themes into three impact domains:
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(1) Social impact criteria.
(2) Environmental impact criteria.
(3) Economic impact criteria.

The best-worst method (BWM) was applied to derive the priority weights of key
criteria, ensuring a structured multi-criteria decision-making process. The scope of the
study comprises smart city schematic themes and core performance indicators as per the
literature review with a particular focus on the review of the ISO 37120 smart city standard.
The responses/primary data were collected through the questionnaire over a period of one
week from a sample of 36 urban municipal officials closely working in the domain of urban
development. Convenience sampling was used for the descriptive and exploratory study.
Using a purposive convenience sampling strategy, 36 municipal officials from various
Indian smart cities with expertise in urban governance, sustainability policies, and smart
infrastructure planning were selected for this study. While this sampling approach enables
us to capture expert-driven insights, we acknowledge certain limitations:

(1) The relatively small sample size may limit broader generalizability.

(2) Regional policy variations across smart cities may influence prioritization outcomes.

(3) To improve robustness and cross-regional comparisons, future studies should take
into account a larger, more diverse expert panel.

The quantitative technique of the best-worst method is used for analysis. Towards
achieving the framed objectives, the following procedure is used:

First, the crucial role of smart cities in sustainability is assessed and analyzed through
evidence based on a systematic literature review. Second, the themes and indicators of
smart cities particularly relevant from the perspective of interventions are identified with
the help of a literature review and inputs from 36 experts closely associated with the urban
planning and implementation. Third, the experts are asked to score (on a scale of 1-100) the
identified indicators (as above) to assess the preliminary ranking of the various indicators
and identify critical criteria for a smart city, according to them. Fourth, in consultation
with the experts, the above identified themes are grouped into three major groups of social-
impact-related criteria, environmental-impact-related criteria, and economic-impact-related
criteria. Fifth, the priority/weights of the top/major criteria groups by the experts are
found using the best-worst multi- criteria decision-making method described in Section 3.5.

3.5. Best—Worst Multi-Criteria Decision-Making Method

To ensure methodological rigor and consistency in prioritizing smart city themes,
the best-worst method (BWM), a recent advancement in multi-criteria decision-making
(MCDM), was adopted. BWM stands out for requiring fewer pairwise comparisons, re-
ducing the cognitive load on experts while enhancing the consistency of judgments. The
process begins by identifying the ‘best’ (most important) and ‘worst’ (least important)
criteria, followed by pairwise comparisons of these extremes with all other criteria. Using a
linear programming model, optimal weights are then calculated to reflect the relative im-
portance of each theme. This technique is particularly suited for expert-driven studies with
limited sample sizes, making it ideal for our analysis involving 36 municipal officials. The
resulting priority weights provide a robust and replicable framework for guiding smart city
policy and MNE interventions. Multi-criteria decision-making (MCDM) is a very important
branch of decision-making theory for handling discrete solution space problems [13]. The
best-worst method (BWM), a new method introduced in 2014, is chosen over other MCDM
techniques/methods such as the Analytic Hierarchy Process (AHP) because statistical
results have shown its better performance through measures such as the consistency ratio,
minimum violation, total deviation, and conformity. Unlike the AHP, which requires a
large number of pairwise comparisons (n (n — 1)/2), the BWM reduces the burden to just
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2n — 3 comparisons, increasing consistency and reliability. TOPSIS and VIKOR, while
effective in alternative ranking, require complex normalization and are sensitive to scal-
ing of input data. In contrast, BWM focuses solely on priority weights without complex
mathematical transformation, making it ideal for expert-driven contexts like ours. The
decision-making challenges in our expert-based study parallel the optimization trade-offs
discussed by [41,42] in their work on distributed matrix multiplication under constraints of
randomness and privacy. Their emphasis on optimization under constraint parallels our
need to adopt BWM in a bounded comparison framework with expert-based judgments,
thus further validating our methodological choice. Further, it is cited to accomplish the
objective of MCDM with fewer comparison data and produces more reliable results.

A clear justification for choosing the best-worst multi-criteria decision-making (BWM)
method over alternative techniques such as the Analytic Hierarchy Process (AHP) or
Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) thus emanates
from the following three main reasons:

(1) Higher consistency: BWM requires fewer pairwise comparisons, reducing inconsis-
tencies compared to AHP [13].

(2) Improved decision-making efficiency: BWM generates more reliable rankings with
fewer subjective biases, which is essential for strategic urban planning.

(3) Better handling of small sample sizes: Given our expert-driven survey (n = 36 munici-
pal officials), BWM is more suitable than statistical methods requiring larger datasets.

A detailed comparison of BWM vs. other MCDM techniques is shown in Table 6. This
new method along with a new ISO standard for smart cities makes this study the first of
its kind.

The steps involved in BWM are as follows:

Step 1: Identify the number of decision criteria depending upon the problem/study. If
a problem has n criteria, then this set could be shown as {c1, 2, c3, ..., cn}.

Step 2: Next, based on the opinion of the key decision-maker/expert, the best (i.e., the
most desirable or the most important or top priority) and the worst (i.e., the least desirable
or the least important or the lowest priority) criteria are determined.

Step 3: Next, the preference of the decision-maker/expert for the ‘Best’ criterion over
all the other criteria is determined on a scale of 1 to 9, where:

Signifies equal importance/preference/priority.

Signifies somewhere between equal and moderate importance/preference/priority.
Signifies moderately more important/preferred/priority.

Signifies somewhere between moderate and strong importance/preference/priority.
Signifies strongly more important/preferred/priority.

Signifies somewhere between strong and very strong importance/preference/ priority.
Signifies very strongly important/preferred /priority.

Signifies somewhere between very strong and absolute importance /preference/ priority.

W o N G N

Signifies absolutely more important/preferred/priority.

The resulting best-to-others vector can then be represented as AB = {aB1, aB2, xB3,
..., aBn}, where aBj indicates the preference of the best criterion B over criterion j. It is
evident that xBB = 1.

Step 4: Similarly, the preference of the same decision-maker/expert (as above) for all
the other criteria over the “Worst’ criterion is determined on the same scale of 1 to 9 (as
above), where:

1. Signifies equal importance/preference/priority.
2. Signifies somewhere between equal and moderate importance/preference/ priority.
3.  Signifies moderately more important/preferred/priority.
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Signifies somewhere between moderate and strong importance/preference/ priority.
Signifies strongly more important/preferred/priority.

Signifies somewhere between strong and very strong importance/preference/priority.
Signifies very strongly important/preferred/priority.

Signifies somewhere between very strong and absolute importance/ preference/ priority.

0O ® N e

Signifies absolutely more important/preferred/priority.

The resulting others-to-worst vector can then be represented as AW = {x1W, «2W, a3W,
..., anW}, where ojW indicates the preference of the criterion j over the worst criterion W.
It is evident that xWW = 1.

Step 5: The optimal weights for various criteria (as identified in Step 1) using a linear
programming model are as follows:

The optimal weights vector for various criteria cj, ¢, c3, ..., cn represented as
W = {w* wo*, w3* ..., wn*}. The optimal weight wi* for a criterion G is that value of
wj, where, for each pair of wg/wj and wj/w.,, we have wg/wj = agj and wj/ww = ojwy. In
order to satisfy the above conditions for all j, a solution is required where the maximum
absolute differences |wg/wj — ag;| and Iwj/ww — ogw | for all j are minimized. For a
non-negative value of weights, this implies the following min—-max problem:
Min maxj {Iwp/wj - og;l, |wj/ww —ogw | }.
Subject to: For allj, &j wj =1 (i.e., sum total of all weights = 1);
and w;j > 0 (i.e., non-negative weights of all criteria).

This model can be solved after converting it into a linear programming model
as follows:

For allj,
|WB/W]' — ag; | <&and ij/ww — ocjwl < &.. Subject to: Lwi=1
and wj > 0.

& is called the consistency ratio, which should be minimum i.e., as close to zero
as possible.

The best-worst method (BWM) is employed in this study to prioritize smart city
themes based on expert evaluations. BWM, a multi-criteria decision-making (MCDM)
technique, enhances decision accuracy by reducing inconsistencies in pairwise compar-
isons. To ensure a structured and methodical ranking process, experts must determine the
most and least important criteria and evaluate their relative importance. To validate the
consistency of expert judgments, the consistency index (CI) is calculated. The CI measures
the degree of agreement in pairwise comparisons, ensuring that the assigned weights
maintain logical coherence. A lower CI value indicates greater indicator prioritization
reliability. These methodological refinements strengthen the robustness of the study’s
findings, providing a clear justification for the prioritization process used in smart city
planning and sustainability assessments.

The solution (Excel Solver can be used for this) to the above linear programming
problem yields the optimal value of weights for the various criteria {w1*, wy*, ws*, ..., wn*}
and &*.

4. Results
4.1. Profile of the Respondents

The officials of the urban municipal development corporation authority are well-
educated professionals, primarily with backgrounds in engineering and medicine, and
possess significant experience in urban planning and administration. The profile of the
respondents is indicated in Table 7 and Figures 9 and 10.
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4.2. Analysis

The score (on a scale of 100) and subsequent ranking of the different smart city themes
based on the Z-Scores of the municipal corporation authorities (respondents) are provided
in Table 8. Based on expert consultation, the seventeen criteria were classified under the
three pillars of the triple bottom line: social impact, environmental impact, and economic
impact. Table 9 illustrates this. Compared to frameworks like ISO 37120, our expert
prioritization aligns significantly, especially on themes like water, sanitation, and waste
management—underscoring cross-contextual consistency. Compared to the EU Smart
City Framework’s emphasis on energy efficiency, our study prioritizes water/sanitation,
reflecting developing economies’ infrastructural needs. Similarly, the Asian Development
Bank’s focus on waste management aligns with our second-ranked theme, validating the
framework’s applicability.

Table 10 displays the pairwise comparison vector for the best criterion, while Table 11
displays the pairwise comparison vector for the worst criteria and as can be observed from
Table 12, solid waste and water and sanitation received the highest priority weight (0.28) in
the BWM analysis, followed by waste water and urban planning (0.08).

Table 8. Ranking of smart city schematic themes based on Z-Scores, reflecting perceived priority
areas for urban sustainability.

Z-Score=x — U

Sr. No. Smart City Theme Average (x) - Rank
1 Solid Waste 87.7778 1.6289 1
2 Water and Sanitation 87.4444 1.5786 2
3 Wastewater 83.6296 1.0033 3
4 Urban Planning 83.1481 0.9307 4
5 Health 81.8519 0.7352 5
6 Shelter 80.9630 0.6012 6
7 Education 80.9259 0.5956 7
8 Transportation 80.0000 0.4559 8
9 Safety 78.8889 0.2884 9
10 Environment 75.7407 —0.1864 10
11 Finance 74.8148 —0.3260 11
12 Energy 74.0741 —0.4377 12
13 Governance 70.963 —0.9069 13
14 Telecommunication 70.3704 —0.9963 14

and Innovation
15 Recreation 69.4444 —1.1359 15
16 Economy 66.6667 —1.5548 16
17 Fire and Emergency 65.9259 —1.6665 17
Response
Grand Mean () 76.9766

Standard Deviation (o) 6.6310




Sustainability 2025, 17, 4251 23 of 30

Table 9. Categorization of smart city themes according to triple bottom line dimensions, enabling
strategic prioritization of social, environmental, and economic impacts.

People: Social Impact/Development Related Criteria Planet: Environment Impact/Development Related Criteria
e  Sub-criteria:
e  Water & Sanitation (Rank 2)
e  Urban Planning (Rank 4) e  Sub-criteria:
e  Health (Rank 5) e  Solid Waste (Rank 1)
) Shelter (Rank 6) e  Waste Water (Rank 3)
e  Education (Rank 7) e  Transportation (Rank 8)
° Safety (Rank 9) e  Physical Environment (Rank 10)
° Governance (Rank 13) e  Energy (Rank 12)
e  Telecommunication & Innovation (Rank 14)
e  Recreation (Rank 15)
Table 10. Pairwise comparison vector for the worst criterion, evaluating relative importance of smart
city themes from the perspective of least priority.
Criteria Solid Wat.e r a.nd Wastewater Urba.n Health  Shelter Education Transportation Safety
Waste Sanitation Planning
Best Criterion: 1 1 4 4 5 6 6 7 3

Solid Waste

Table 11. Pairwise comparison vector for the worst criterion.

Criteria Worst Criteria: Safety

Solid waste 8

Water and sanitation

Wastewater

Urban planning
Health
Shelter

Education

Transportation

Safety

[ N R SR N I RS RN

Table 12. Optimal weights for priority smart city criteria derived using the best-worst method,
informing strategic decision-making for sustainable urban development.

Criteria Optimal Weights Ksi* (£%)
Solid waste 0.2873 0.0507

Water and sanitation 0.2873
Wastewater 0.0845
Urban planning 0.0845
Health 0.0676
Shelter 0.0563
Education 0.0563
Transportation 0.0338

Safety 0.0422
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5. Discussion

According to the experts, the top 50% of the criteria, or Rank 1-9 criteria that cut across
social and environmental impact dimensions, were selected for the best-worst method of
estimating the criteria weights. The best-worst method (BWM) was used to weight the
following top 50 percent of criteria (Ranks 1 through 9) because analyzing all 17 criteria
simultaneously would be less effective:

Solid waste;
Sanitation and water;
Water waste;
Transportation;
Health;

Shelter;

Education;

Urban planning;

W XN L=

Security.

Using the BWM described in Section 3.1, Table 10 displays the pairwise comparison
vector for the best criterion, while Table 11 displays the pairwise comparison vector for the
worst criteria. Table 12 and Figure 11 display the ideal weights for the criteria determined
by BWM. Following the identification of the criteria’s priority and ideal weights based
on a review of the literature and expert consultation, Table 13 lists some indicators that
MNESs can help improve. Table 14 indicated the mapping of top smart city themes with
SDG 11 targets.

0.2873  0.2873

0
& & & N & <& & & &
O J-sk & < & ¢ 3 A 2
W «é‘@ & & N > & & K
q_,)Q b‘: ‘&@% \6@(\ & r ({.,Q
‘\,‘,}(\ O30 AL
&

Figure 11. Optimal weights derived from expert judgment via BWM, highlighting priority smart city
intervention areas for MNEs.
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Table 13. Indicators for some of the priority criteria where MNEs can contribute towards improving
them in an urban settlement/smart city.

Sr International India (Gol MoUD Smart City
No. (ISO 37120:2014) Core and Supporting Indicators Mission) Core Infrastructure
) Themes Elements
Percentage of the city population with
potable water supply service, percentage of
the city population with sustainable access to ~ Adequate water supply (smart
an improved water source, percentage of the solution—smart meters and
1. Water and Sanitation population with access to improved management, leakage
sanitation, percentage of the city’s identification, preventive main.,
wastewater receiving secondary treatment, water quality monitoring
and total domestic water consumption per
capita (liters/day).
Percentage of the city population served by
wastewater collection, percentage of the city’s
wastewater that has received no treatment,
2. Wastewater percentage of the city’s wastewater receiving Wastewater to be treated
primary treatment, percentage of the city’s
wastewater receiving secondary treatment,
and percentage of the city’s wastewater
receiving tertiary treatment.
Average life expectancy, No. of in-patient
hospital beds per 100,000 population, No. of
physicians per 100,000 population,
3 Health under—age—flve mortal.lty per 1000 live births, [43]
No. of nursing and midwifery personnel per
100,000 population, No. of mental health
practitioners per 100,000 population, and
suicide rate per 100,000 population.
Table 14. Mapping of top smart city themes with SDG 11 targets.
Smart City Theme Relevant SDG 11 Target Indicator/Example
Solid Waste 11.6: Reduce environmental impact of cities Proportion of urban solid waste
regularly collected
Water and Sanitation 11.1: Access to basic services Pe.rcer}tage of the po.pulatlon w1th'saf'e
drinking water and improved sanitation
Wastewater 11.5: Reduce disaster-related losses Improve(?l 'dralnag.e apd
flood-resilient sanitation
Urban Planning 11.3: Inclusive and sustainable urbanization = Urban expansion planning policies
Health 11.7: Access to safe, inclusive spaces Urban health infrastructure linked to

pollution reduction

The prioritization of solid waste and water and sanitation (weight = 0.28) underscores
its centrality to SDG 6 compliance, particularly Target 6.1 on universal access to safe drink-
ing water. This finding aligns with past studies, which identified water scarcity as a key
barrier in urbanizing regions. Further, as can be seen, “Safety” received the lowest ranking
among the smart city criteria. This deviation from the global urban planning literature,
where safety is typically a top priority, may be influenced by contextual factors. The experts
surveyed—primarily urban municipal officials in India—might prioritize infrastructural
needs like water, sanitation, and waste management due to their immediate visibility,
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political mandates, or budget constraints. Cultural perceptions of public safety, regional
disparities in crime, and a belief that safety is an outcome of improved infrastructure (e.g.,
better lighting and public spaces) may also influence this lower ranking. This contrasts
with SDG 11.7, which emphasizes the provision of safe, inclusive, and accessible public
spaces. Therefore, the observed deprioritization invites further exploration into how lo-
calized governance priorities align—or diverge—from global sustainability goals. The
lower ranking of ‘Safety’ among smart city criteria may be attributed to expert bias, where
municipal officials prioritized infrastructure and economic factors over safety. Additionally,
some respondents viewed safety as an outcome of broader smart city policies rather than an
independent priority criterion. Thus, the possible reasons could be summarized as follows:

(1) Expert bias and sampling constraints: The municipal officials surveyed may have put
their professional focus on infrastructure, the environment, and economics over safety.

(2) Comparative weighting against other indicators: The study’s results indicate that
environmental resilience, governance efficiency, and mobility infrastructure were seen
as more critical for sustainability impact.

(3) Contextual factors: Some respondents viewed safety as an outcome of broader smart
city policies (e.g., public surveillance, law enforcement integration, and digital gover-
nance) rather than an independent priority criterion.

Consistency ratio = £* = 0.0507 = 0.0097
Consistency index 5.23 (from the consistency index table given with BWM). Since the
consistency ratio is quite close to zero, it implies a very good consistency.

6. Conclusions

This research focused on smart city themes that are relevant to multinational corpo-
rations and the Sustainable Development Goals. The BWM-based framework provides a
replicable tool for aligning corporate strategies with SDG targets, particularly SDG 6 and 11.
With the best—-worst method, we determined that “Solid Waste”, “Water and Sanitation”,
“Waste Water”, and “Urban Planning” are the most salient themes according to expert
views. These themes have good correspondences with significant targets in SDG 6, SDG
11, and India’s national action plans. Thus, this study also implies “Solid Waste”, “Water
and Sanitation”, “Waste Water”, and “Urban Planning” are the top four priority themes for
MNE:s investing in smart city sustainability. We also discovered evident correspondences
between the prioritization framework and particular sections of the Paris Agreement,
namely Articles 7 and 9. The findings emphasize the significance of evidence-based urban
policies that are context-specific and offer a model of smart city planning that functions
globally and locally. However, the reliance on expert opinions from a single geographic
region limits generalizability. Future research should validate this framework across di-
verse cultural and economic contexts, incorporating quantitative data on implementation
costs and ROI. Future research can utilize more cities and countries to further enhance
the findings.

6.1. Managerial Implications

It might be worthwhile to highlight the following words from the UN Secretary
General address of 18 September 2017: “We can choose to bemoan the lack of financing for the
2030 Agenda in a world awash with so much unproductive and unrewarding finance. Or we can
grasp the opportunity to reshape finance, according to our urgent, collective needs. The choice is
clear. Let us invest in the 2030 Agenda and finance a better world for all”.

- Anténio Guterres [44].
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This research work has significant implications for managers of multinational enter-
prises wishing to contribute to the UN Sustainable Development Goals. Amidst growing
attention to the ethical, environmental, and social dimensions of business, most often under
the corporate social responsibility (CSR) heading, this study provides them with research
and evidence-based inputs for effective and efficient decision-making. Based on the above
analysis, as can be seen from Figure 11, solid waste and water and sanitation are assigned
the top priority and considered most critical by the respondents. These are followed by
wastewater, urban planning, health, shelter, education, safety, and transportation. Thus,
multinational enterprises could accordingly align their strategies to target prioritizing,
monitoring, and controlling their interventions or funding in these areas coupled with
increased citizens” awareness and engagement. Many companies should also perceive
longer-term returns from promoting sustainable development, including stronger competi-
tive advantage, preservation of crucial resources and raw materials, favorable corporate
image, and opportunities for new product and process development. While creating
voluntary environmental programs, often under the label of ‘corporate citizenship’, the
transnational corporations can keep the outcomes of this study in mind and play a pivotal
role in the design, diffusion, and consolidation of sustainable development in the context
of urban planning and smart cities. Thus, this study pitches a significant scope for MNEs
to adopt a triple bottom line approach and target a balance between profit (economy),
environment (planet), and society (people) by contributing to the UN SDGs. This study also
acts as an enabler to integrate the sustainable development component in decision-making
processes by assisting stakeholders with useful information to assist in development of
public policies, decision-making, territorial planning, and increasing citizens” awareness on
sustainability issues.

6.2. Practical Implications for Smart City Planning and Policy-Making
The findings of the study can inform smart city policies as follows:

(1) Strategic policy recommendations: Our prioritization results can guide urban planners
and policymakers in allocating resources more effectively to high-impact areas.

(2) MNE contributions to smart cities: The study reinforces the role of multinational
enterprises (MNESs) in financing and implementing urban sustainability solutions,
aligning with the SDGs.

(38) Future research and policy applications: The findings encourage policymakers to
consider regional variations, adaptive urban policies, and cross-sector collaborations
to enhance the practical implementation of smart city frameworks.

(4) MNEs can support smart solutions such as IoT-based waste tracking, decentralized
water purification systems, and digital health dashboards, thereby operationalizing
the SDGs through technology. They can play a vital role in public—private partnerships
for water infrastructure and technology transfer programs for waste management.
MNEs could collaborate with municipalities to deploy IoT-enabled water quality
monitoring systems in Tier-2 cities. Tech firms might establish innovation hubs for
frugal waste-to-energy solutions in partnership with local startups.

(5) The high prioritization of themes such as solid waste and water /sanitation also reflects
the alignment between local urban planning priorities and international climate
targets under the Paris Agreement and SDG 11. This suggests potential synergies in
financing, infrastructure development, and MNE involvement for operationalizing
global sustainability frameworks at the city level.

The study’s conclusions are grounded in a dual validation: first, through expert-driven
prioritization using BWM, and second, by mapping these priorities to concrete SDG sub-
indicators and national action plans. This ensures that the proposed framework is both



Sustainability 2025, 17, 4251 28 of 30

methodologically sound and policy-relevant, offering actionable insights for MNEs and
urban policymakers.

6.3. Limitations and Future of the Study

Due to constraints, especially in terms of resources, some limitations are unavoidable
in any research study. However, on a positive note, these limitations also provide an
opportunity for extending the work, i.e., future scope of the study. In the current study,
considering the involved respondents” employment with the government department, a
possibility cannot be ruled out that responses from some of them might be influenced in
favor of few of the indicators with which their performance might be linked. A larger and
more diverse group of experts may be considered in future studies along with an inbuilt
cross-check to detect such influence. Further, the majority of the respondents are from an
engineering and medical education background. So, the views of less educated common
people or people from other diverse educational backgrounds can be incorporated in future
studies. Also, a limited sample size (36 experts/respondents) with convenience sampling
has been used in the current study. A larger sample size may be used in future studies.
Last but not the least, using a similar approach, the study can be extended in future to
include other themes of smart cities with their associated indicators. The study framework,
particularly the application of BWM, can be replicated in other countries or urban contexts
with stakeholder-specific data, allowing contextual adaptation.
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