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Abstract: The evolving concept of ‘Smart Cities’ (SC) is today gaining global momentum in scientific
and policy arenas. With the rising potential for jobs and improved lifestyle, these fast-growing cities
are witnessing an ever-increasing concentration of populations and economic activities. However,
the core aspect of sustainability is often overshadowed in SC by the components of economic growth.
In view of the rising water, energy, and food (collectively referred to as WEF) demands in cities and
the interlinkages between WEF systems, this study aims to highlight the role of SC in enhancing
WEF resource efficiency from a nexus perspective. To study the current trends of SC developments
first, a specific case of proposed Nagpur smart city (India) is reviewed based on document analysis
and preliminary discussions with local government officials. Thereafter, bibliometric analysis
(based on Scopus data) is conducted to establish a comprehensive understanding of existing SC
research in varying domains of interlinked WEF systems. While the proposed Nagpur smart city
is observably focused on city-centric goals with a high emphasis on infrastructure development,
this study underlines the need for environmental resource conservation at a transboundary level.
The key opportunities for optimizing the WEF nexus in Nagpur are then highlighted in reference to
the bibliometric analysis.
Keywords: smart cities; information and communication technology; water-energy-food nexus;
integrated resource management; Nagpur; bibliometric analysis

1. Introduction
Cities around the world have today become a center of attraction for large populations. More than
55% of the global population (about 4.2 billion people) was already living in cities by 2018, and this
proportion is expected to reach 68% by 2050 [1]. Concentrated in nearly 3% of the total land surface,
cities worldwide generate a major proportion (around 80%) of global Gross Domestic Product ‘GDP’.
To secure more investments and boost job creation for rapid economic growth, the fast-growing
cities continue to bring about notable development transformations. However, it is also important to
underline that cities account for a significant share (60–80%) of greenhouse gas emissions, around 50%
of global waste, and 75% of natural resource consumption [2–4]. The geographically expanding city
boundaries, rapid urbanization trends and the growing resource demands, therefore present serious
concerns for environmental sustainability. Apart from that, the fast-growing cities are also faced with a
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range of developmental challenges in terms of air and water pollution, waste generation, overstressed
infrastructure services, etc. These issues are particularly severe in developing countries, due to factors
like high population density, poverty, lack of basic infrastructure services, etc. [5].
With regards to the existing developmental challenges, the concept of ‘Smart Cities’ (SC) has today
become a globally accepted solution to improve the quality of life in urban areas. Although the SC
concept is not new, there is still no universally agreed definition for it. Of the numerous descriptions
that have emerged so far from the academic, commercial and (inter) national organizations, the SC
concept mainly refers to the utilization of Information and Communication Technology (ICT) features
to enhance the provision of urban services in a fast and efficient manner. It is particularly linked
with the adoption of leading-edge technologies like Artificial Intelligence (AI), Internet of Things
(IoT), big data, robotics, etc. [6–8]. Recently, several policy schemes have been introduced around the
world to materialize the idea of SC. For example, in 2014, the city-state of Singapore announced its
‘Smart Nation’ initiative to fully harness the potential of digital and smart technologies [9]. In 2015,
the Government of India announced an ambitious ‘Smart Cities Mission’ (SCM) for the development of
100 SC across the country [10]. Until 2015, over 300 cities in China had been identified as pilot projects
for SC development [11]. Earlier, several initiatives have also been taken by large private companies for
enabling technology integration in cities, such as IBM’s ‘Smarter Cities’ initiative launched in 2009 [12],
and Cisco’s ‘Global Intelligent Urbanization initiative’ launched in 2009 [13].
Noticeably, remarkable advancements have been made in scientific and policy arenas to smartly
enhance the functioning of cities. However, the effective implementation of SC is still confronted with
a number of challenges including the digital divide and lack of digital competencies [7]. Allam and
Newman [6] underlined that the SC concept is still evolving, and the cultural values and historical
profiles of a city are seldom taken into consideration for planning and development of SC. The core
aspect of sustainability has also received limited attention in the wide array of contrasting views that
have emerged about the multidimensional SC paradigm [2]. Although the environment dimension is
encompassed in the SC frame, it often gets overshadowed by the components of economic growth [14].
The current and future livability of SC is therefore threatened by the rapid exploitation of natural
resources, which is imperative for the overall well-being of the citizens as well as economic growth.
In the backdrop of already existing resource shortfalls [15], the global demands for the three
essential resources of water, energy and food (collectively referred to as WEF) are projected to
correspondingly increase by 55%, 80% and 60% by 2050 [16]. The rising WEF resource demands are
likely to be centered in fast-growing urban areas due to the increasing concentration of populations.
Herein, the expanding city boundaries and changing population dynamics have become a matter of
serious concern for sustainable development, as cities largely meet their WEF demands from areas
outside their physical boundaries [17]. The inextricable linkages between WEF sectors in the form
of a ‘nexus’ further make it a complex challenge. Addressing the WEF nexus at regional level has
therefore become central to achieving sustainable urban development, as it affects the extent to which
the security of WEF resources can be simultaneously achieved [18,19].
In recent years, soaring research interests have been directed towards conceptualizing SC and
enabling technology intergration for smart urban development [20]. While the scientific literature
on SC research continues to be dominated by technology aspects, limited studies have focussed on
enhancing the efficiency of WEF resources from an interconnected and nexus perspective. As the
consumption of WEF resources is showing an increasing trend, a few conceptual approaches such
as a smart urban metabolism have been discussed in recent studies [6,21]. However, the resource
inputs in cities, intersectoral flows, stocks and outputs are still not methodically characterized [22].
The implications of these studies on urban governance have also not been systematically studied [23]
and the operationalization of the WEF nexus remains to be a challenge at local level [24,25].
With an aim to bridge the existing science–policy gaps, it is imperative to first establish a precise
understanding of current trends of SC implementation. To this end, this study reviews a specific case of a
proposed Nagpur smart city in India, which has been at the forefront in terms of project implementation
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under the national government’s SCM mission [26,27]. Cities selected under the SCM have so far
witnessed substantial transformations in terms of physical and social infrastructure development.
However, the strategic approach of SCM has also received wide criticism [28]. The mission’s lack of
focus on the environmental dimension and minimal consideration of disaster risks is also highlighted
as a concern [29–31].
Thereafter, a bibliometric technique is adopted (with reference to Guo et al. [20]) to establish a
comprehensive understanding of existing SC research in the domain of WEF systems, independently
and conjointly. The parallel understanding of the Nagpur smart city case and the existing SC research
trends is intended to identify the existing shortcomings as well as the potential opportunities (or
directions) for enhancing WEF resource efficiency in Nagpur.
The three key objectives of this research are: (1) To study the action plan of the proposed Nagpur
smart city in India and review its key focus areas; (2) To study the existing SC research in the domain
of interlinked WEF systems; (3) To highlight the key opportunities for the proposed Nagpur smart city
to optimize WEF nexus. Herein, the term ‘optimize’ refers to making the most effective use of WEF
resources from an interlinked perspective. Although the article has an explanatory approach based
on a literature review, the study results will contribute to advancing the theoretical understanding of
SC and the WEF nexus concept. It is also hoped that this study will provide generalized lessons for
integrating WEF components in the development agenda of 100 proposed SC in India, as they are still
in the transformation phase.
The remaining part of the paper is structured as follows. Sections 2 and 3 provide a precise
overview of the SC and WEF nexus concept by reviewing the state-of-the-art scientific literature.
Before explaining the research methods adopted for this study, Section 4 also establishes the SCM
context and introduces the case study area of Nagpur in India. Section 5 presents the study results,
which consist of the case study analysis and literature analysis. Based on the research findings, Section 6
discusses the key opportunities to enhance WEF resource efficiency in Nagpur. Towards the end in
Section 7, the authors summarize the key conclusions and outline the way forward.
2. Overview of the Smart Cities Concept
The historical development of the SC concept has previously been discussed in several
studies [32–34]. It has been revealed that the ‘smart city’ term was primarily recognized during
the late 1990s from the discussions on ‘intelligent cities’ and ‘smart growth’. Thereafter, since the early
2000s, the application of the SC concept gained global currency as several technical institutes and large
companies such as IBM, Cisco and Ericsson significantly invested for the integration of ICTs in cities.
It should be noted that a variety of similar concepts like Digital Cities, Intelligent Cities, Virtual Cities,
Hybrid Cities, and Ubiquitous Cities are also in practice, and the term SC is often interchangeably
used with these terms [35,36].
Figure 1 highlights the year-wise proportion (until the year 2019) of research documents on the
Scopus database (articles, conference papers, etc.) for these six varying concepts. Although the overall
number of research documents has kept on increasing over the years (like 323 documents in the year
2000; 1699 in 2010; 12,148 in 2019), the figure mainly illustrates how the comparative usage of these
terms in academic research has changed over the years. Apparently, the use of the SC term has today
overshadowed all the other concepts in academic research and has universally been recognized as an
umbrella term for enhancing livability, sustainability, and quality of life through ICT-based applications
in urban areas.
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Figure 1. Highlighting the growing significance of Smart Cities research (Image source: Authors).
Figure 1. Highlighting the growing significance of Smart Cities research (Image source: Authors).
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Figure 2. Highlighting the growing significance of water-energy-food (WEF) nexus research (Image
Figure 2. Highlighting the growing significance of water-energy-food (WEF) nexus research (Image
source: Authors).
source: Authors).
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Post 2015, the concept of ‘nexus’ has become central to achieving sustainable development.
Several attempts have been made to develop guiding frameworks for WEF nexus implementation
and integrated governance [55,56]. A variety of interdisciplinary and transdisciplinary research
methods have also been established for analyzing WEF systems in different contexts [57,58]. However,
the policy-level applicability of these approaches at local level remains to be a critical challenge [24,59].
Even today, most of the policy decisions concerning the WEF sectors are made by independent
institutions, across different sectors and administrative scales [60,61]. Mohtar and Daher [62] stressed
that the science–policy gaps are widening as WEF research findings are not being incorporated in the
development planning agendas.
Need for Water-Energy-Food Nexus Perspective in Cities
In the backdrop of growing WEF resource demands, cities are today being placed at the center of
WEF nexus discussions [63,64]. Recent studies [65,66] have stressed that meeting WEF demands in cities
has become the most critical challenge for achieving sustainable development. Being the net consumer
of WEF resources, cities predominantly depend on non-urban areas outside their physical boundaries.
However, at the same time, the expanding city boundaries and haphazard development activities
in terms of land use change, wetland reductions, etc. are degrading the natural ecosystems [24].
Arthur et al. [67] underlined that the unprecedented increase in WEF demands is now outweighing the
ecosystem thresholds and leading towards dire consequences.
To enhance the WEF resource security in cities, Schlör et al. [65] emphasized on considering both
in-boundary as well as transboundary resource systems. Djehdian et al. [68] also highlighted the
exposure of urban WEF systems to direct and indirect water scarcity concerns on a transboundary scale.
These deliberations on WEF nexus implementation mainly reflect the ongoing transitions towards the
long-anticipated goal of integrated resource management in consideration of spatial and temporal
scales [64,69]. A range of other innovative solutions are also being put forward to address the complex
nexus problems in terms of environmental monitoring, multi-stakeholder engagement, smart urban
metabolism, technology integration in urban governance, etc.
4. Materials and Methods
4.1. Context of India’s Smart Cities Mission
The Smart Cities Mission (SCM)—launched by the Government of India in 2015—is mainly an
urban renewal and retrofitting program [10]. With an allocated funding of around 700 million United
States Dollars (USD), the five-year program aims to drive economic growth and improve the quality
of life by developing 100 SC across the country, which have been selected after a rigorous two-stage
competition at the intra-state and inter-state levels. The implementation of SCM at city level is being
done through the establishment of Special Purpose Vehicles (SPVs), which comprise the nominees of
Central and State Government, and the Urban local bodies on its board. It is important to highlight
that SCM is also complemented with several other urban development programs such as the Atal
Mission for Rejuvenation and Urban Transformation (AMRUT), Swachh Bharat Abhiyan (Clean India
Mission) and Heritage City Development and Augmentation Yojana [5,29,32].
The SCM is being executed under two broad strategies of Area-Based Development (ABD) and
pan-city initiatives. Under the ABD strategy, model areas are being developed within the selected cities,
for either of the following development types namely, city improvement (retrofitting), city renewal
(re-development), city extension (greenfield development), or a mixed strategy. Under the pan-city
initiatives, ICT-based solutions such as electronic service delivery, traffic management systems, etc.
are being applied to larger parts of a city for improved delivery of public services [70]. Both these
strategic developments are expected to have rub-off effects on the city and surrounding areas.
For the selection process, the SCM Guidelines [70] had not prescribed a ‘one-size-fits-all’ model
for SC. Rather, each of the potential city was required to formulate their own concept, vision, mission
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and plan for a Smart City (proposal), in consideration of local context, available resources and levels
of ambition. It should be noted that the proposals were expected to contain ABD plans and pan-city
of ambition. It should be noted that the proposals were expected to contain ABD plans and pan-city
initiatives, with high emphasis on infrastructure services and smart solutions.
initiatives, with high emphasis on infrastructure services and smart solutions.
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Figure 3. Location of Nagpur City in the Administrative Map of India (Image source: Authors).
Figure 3. Location of Nagpur City in the Administrative Map of India (Image source: Authors).

Nagpur is also selected as one of the 100 proposed SC under the Government of India’s SCM
Nagpur is also selected as one of the 100 proposed SC under the Government of India’s SCM
mission. The Nagpur smart city project aims to transform the city into the “most livable eco-friendly,
mission. The Nagpur smart city project aims to transform the city into the “most livable eco-friendly,
edu-city that electronically connects people with the government to co-create an inclusive ecosystem.”
edu-city that electronically connects people with the government to co-create an inclusive
For the implementation of this project, ‘The Nagpur Smart and Sustainable City Development
ecosystem.” For the implementation of this project, ‘The Nagpur Smart and Sustainable City
Corporation Limited (NSSCDCL)’ has been set up as a SPV. It is jointly owned by the Nagpur Municipal
Development Corporation Limited (NSSCDCL)’ has been set up as a SPV. It is jointly owned by the
Corporation and the Government of Maharashtra. NSSCDCL as a lead agency is responsible for
Nagpur Municipal Corporation and the Government of Maharashtra. NSSCDCL as a lead agency is
implementing the projects envisaged under the Smart City Proposal (SCP) of Nagpur, which is
responsible for implementing the projects envisaged under the Smart City Proposal (SCP) of Nagpur,
approved by the Government of India under SCM. The agency conducts a range of activities including
which is approved by the Government of India under SCM. The agency conducts a range of activities
including planning, designing, executing, and operating the projects defined under Nagpur’s SCP. It
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planning, designing, executing, and operating the projects defined under Nagpur’s SCP. It also acts
as a platform to connect different stakeholders including governments, businesses and citizens for
effective decision making and implementation of the project [75,76].
4.3. Research Methods
To bridge the existing science–policy gaps for enhancing WEF resource efficiency through SC
development, this study conducts two types of analysis. For understanding the policy context of
SC implementation and their links to WEF systems, a specific case of proposed Nagpur smart city
is studied. Thereafter, literature analysis is conducted to study the existing SC research trends and
identify new directions of SC research in the domain of WEF systems. The findings through both
the case study analysis and literature analysis will pave the way for identifying key opportunities in
Nagpur to enhance WEF resource efficiency through SC developments.
4.3.1. Case Study Analysis: Review of the Nagpur Smart City Action Plan
The action plan of the proposed Nagpur smart city is reviewed based on specific documents that
include Nagpur’s SCP [77], the proposed smart city vision [78], the types of projects proposed [79] and
related annexures [80]. In addition to that, preliminary discussions were also held with the members
of NSSCDCL (Nagpur smart city’s SPV) and Nagpur Municipal Corporation who are responsible for
implementing the projects listed in Nagpur’s SCP. Based on the document analysis and interactions
with local government officials, the authors reviewed the key focus areas of proposed Nagpur smart
city and their significance for the local context. While doing so, the authors also highlight the key focus
areas that are linked with environmental sustainability and WEF systems.
4.3.2. Literature Analysis: Review of Existing SC Research in the Domain of WEF Systems
To study the existing SC research in the areas of WEF systems, a methodical search was conducted
in Elsevier’s Scopus, the largest abstract and citation database of multidisciplinary literature (peer
reviewed) and other high-quality web sources including books and conference proceedings [81].
For the literature analysis on Scopus, the authors applied search equations with a mix of keywords
in the ‘Article title, abstract and keywords’ category. The document search was based on ‘smart cities’
as a fixed keyword, and the add-on keywords consisted of varying combinations of WEF systems,
independently and conjointly. A total of eight search equations (as mentioned below) were run to
cover the varying SC research domains in the areas of WEF systems:
1.
2.
3.
4.
5.
6.
7.
8.

‘Smart Cities’ AND ‘Water’
‘Smart Cities’ AND ‘Energy’
‘Smart Cities’ AND ‘Food’
‘Smart Cities’ AND ‘Water’ AND ‘Energy’
‘Smart Cities’ AND ‘Water’ AND ‘Food’
‘Smart Cities’ AND ‘Food’ AND ‘Energy’
‘Smart Cities’ AND ‘Water’ AND ‘Energy’ AND ‘Food’
‘Smart Cities’ AND ‘Water’ AND ‘Energy’ AND ‘Food’ AND ‘Nexus’

For each of these search equations, the following data were retrieved from Scopus database on
15 October 2020 and analyzed:
1.

Number of research documents: Irrespective of the subject area, year of publication, document
type or country of origin, the total number of research documents for each of the search equations
are noted along with the document type (conference papers, articles, book chapters and others).
This step is intended to establish a broader understanding of existing SC research in different
directions, as the quantity of publications is an important indicator to study the development
trends of scientific research.
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Top 10 keywords: Keywords are nouns or phrases that reflect the core content of any publication.
To have a parallel understanding of SC research trends in different directions, the top ten keywords
for each of the search equations are noted and tabulated.
Bibliographic data (Keywords): From the ‘Analyze search results’ tab on Scopus, the author
and index keywords for all publications (in each of the search equations) are exported as a
CSV file. It should be noted that Scopus imposes download restrictions, as the downloaded
files may not contain data for more than 2000 documents. Thus, for search equations with a
larger number of documents, the data were downloaded in multiple batches. In reference to
Guo et al. [20], these data are then used to carry out co-keyword (keywords co-occurrence) analysis
in VOSviewer (Visualization of Similarities), a free software tool for bibliometric analysis [82].
Through VOSviewer, item density visualization maps are created for visualizing and exploring
the research hotspots in different areas of SC research. For the keyword co-occurrence analysis
in VOSviewer, the unit of analysis is set as ‘All keywords’, and the counting method is set as
‘Full counting’. The co-occurrence threshold of the keywords is varyingly set, such that around
50 items can be brought into visualization for each of the search equation results.

5. Results
5.1. Review of Nagpur Smart City Action Plan
In accordance with SCM guidelines [70], the action plan of the proposed Nagpur smart city includes
strategies for ABD and pan-city initiatives. These strategies are outlined by the city government in
Nagpur’s SCP [77], which was prepared based on a precise understanding of local context, geospatial
growth and assessment of core infrastructure services etc. In addition to that, extensive stakeholder
engagement (citizens, private sector etc.) was realized to frame the goals of the proposed Nagpur
smart city through household surveys, focused group discussions, media campaigns, etc.
For the ABD strategy, a range of options were considered to identify an appropriate site for
retrofitting, redevelopment, or greenfield development. Based on the self-assessment mapping of
existing core infrastructure and quality of life indicators for different parts of city, retrofitting in
951 acres (3.85 km2 ) of land in the Pardi-Bharatwada-Punapur (PBP) areas was finalized. Herein,
moret than 50% of the population residing in PBP areas (≈65,000 citizens; ≈15,000 households) did not
have access to basic infrastructure. The ABD developments in PBP areas using Town Planning Scheme
are intended to regularize and mainstream these vulnerable areas, for achieving the vision of inclusive
Nagpur [83]. In consideration to the essential features defined by SCM guidelines, the ABD plan has
put great emphasis on physical and social infrastructure development.
For the pan-city initiatives, the city government received a range of suggestions through citizen
engagement like for cleanliness, employment, smart mobility, safety, etc. In consideration of the
aspirations of local citizens for a ‘clean city’, a customized ICT-based Smart Swachh City Solution
to streamline the city’s garbage management was adopted. This solution comprises of technology
components like GPS enabled collection vehicles, RFID (radio-frequency identification) tagged bins,
CCTV (Closed Circuit Television) surveillance, etc. Furthermore, for enhancing safety, Nagpur City
Community Network (NCCN—dark cable optical fiber and backbone infrastructure), and a Unified
Operations Command and Control Center (UOCCC) is being developed to operationalize ICT based
solutions, including that for waste collection and management.
To implement the defined strategies, the Nagpur SCP has enlisted 30 Projects, of which 27 projects
are focused on ABD and only three are related to pan-city solutions. Here, it is important to highlight
that bulk of SCM funds for Nagpur (>85%) are being used for executing the ABD plan [79].
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Strategic Focus of Nagpur Smart City Action Plan
For enhancing the quality of life in Nagpur, the Nagpur SCP defines 4 key Transformation Agendas
and 12 Focus Areas (FAs) (summarized in Table 1). Each of these FAs have further defined Goals (32 in
total), which are precisely explained in the Nagpur Smart City Annexure [80].
In reference to Nagpur’s SCP and preliminary discussions with the local government officials,
the twelve FAs of Nagpur smart city and their significance are as discussed below:
1.

2.

3.

4.

5.

6.

Inclusive Living
The Nagpur smart city aims to provide an ambitious 24 × 7 (24 h a day, 7 days a week) water supply
to the entire city of Nagpur. The previous experience of local authorities with implementation
of a pilot 24 × 7 water supply scheme [84] through Public-Private-Partnership model is being
leveraged to scale up the approach at city level. While achieving this, it also advocates for
mitigation measures such as stormwater drainage, sewerage system, etc. In convergence with
other projects aimed at improving urban basic infrastructures such as AMRUT, the Nagpur SCP
also envisages to improve water use efficiency through smart metering and real-time water
quality monitoring. Utilizing the government-owned land resources, the Nagpur SCP also
proposes a 100-acre green field development. In order to bring conformity with such development
and promote the principle of inclusivity, it also considers slum upgradation and regularization of
haphazard developments along the city fringes that are inconsistent with the development plan.
Poly-Centric City
For supporting the work and leisure culture of Nagpur, the SCP highlights the creation of
sub-clusters of economic and recreational activities at selected key locations. This component also
builds on the convergence of the Nag Riverfront Development project being developed under the
National River Conservation Project and the Metro Rail project. It calls for restructuring of land
use to strike a balance between economic and recreational facilities.
Safe and Walkable Streets
The safety of pedestrians and universal accessibility (children, elderly, etc.) have been prioritized
for better mobility in Nagpur city. A blueprint for building a smart road network in the ABD area
is prepared based on stakeholder discussions and by adopting the TenderSURE (Specifications
for Urban Road Execution) concept [85]. In reference to relevant design standards and guidelines,
inclusive, walkable and complete streets are proposed to be developed in the ABD area.
Economic Vitality
The Nagpur SCP focuses on creating infrastructures for enabling skill development, realizing
real estate potentials in city fringe areas, and capitalizing on the existing health infrastructure
for creating more job opportunities. By projecting Nagpur as an affordable and sustainable
investment destination, the proposal also aims to attract high value adding industries and services.
Transit-Oriented Development
Following up with the success stories of Transit-Oriented Development (TOD) approach across
global cities, the Nagpur SCP contemplates its application to generate more vibrancy in the
land-use planning and real estate sector. Some major transformations in the land use and
land management are postulated along the Metro routes considering the application of the
TOD concept.
Connect Places and Move People
To create multi-modal mobility options, the Nagpur SCP envisions creation of walkable and
bicycle-friendly promenades around water bodies. To encourage people to shift to public
transportation, the Nagpur SCP emphasizes on creating multiple and affordable mobility options.
Further, dedicated cycle tracks and public bike sharing systems are also proposed to be developed.
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Table 1. Key features of Nagpur Smart City Action Plan (Source: Nagpur SCP [77]).

Transformation Agendas

Focus Areas

Key Goals

Smart Living

1. Inclusive Living **
2. Poly-Centric City *
3. Safe and Walkable Streets
4. Economic Vitality

(i) Create basic infrastructure of water supply, sewerage system, storm
water drainage and electricity, all with ‘24 × 70 availability
(ii) Create ‘hubs’ of education, health, logistics, etc. for building
economic avenues

5. Transit-Oriented Development
Smart Mobility

Smart Environment

6. Connect Places and Move People *
7. Urban Regeneration with walk-to-work
8. Carbon Neutral and Sustainable Habitat **
9. Swatch Nagpur **
10. Urban Greens *

Smart Governance

11. Digital, Efficient and Transparent Governance **
12. Revive Nagpur’s image as the regional
economic center and boost job creation

(i) Create multi-modal mobility options for enabling smooth flow
of people
(ii) Develop strategic nodes along the metro corridors
(iii) Revitalize old-city areas with improved walkability
(i) Promote energy efficiency in building and transportation sectors,
and enhance the use of non-conventional energy
(ii) Rejuvenate rivers, promote rainwater harvesting and
urban forestry
(i) Explore alternate means of service delivery for improving efficiency
and transparency by leveraging various ICT platforms

* FAs related to environmental sustainability; ** FAs specifically related to WEF systems.
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Urban Regeneration with walk-to-work
The Nagpur SCP promotes the walk-to-work principle by creating self-sufficient neighborhoods.
This approach is more suitable for the old city areas, which are observed to be having mixed land
use, dense urban forms, and increasing vehicular population.
Carbon Neutral and Sustainable Habitat
The Nagpur SCP has put up ambitious plans to reduce conventional energy demand and carbon
emissions at the city as well as neighborhood levels. It plans to introduce ‘green buses’ and replace
all streetlights with LED (light-emitting diodes)-based lights. At neighborhood level, it promotes
bio methanation plants and rooftop solar energy systems. Further, to create a clean and green
ecosystem, the SCP encourages green buildings, energy efficiency, rainwater harvesting, etc.
Swatch Nagpur
In convergence with the ongoing nationwide program for getting rid of open defecation [86],
the Nagpur SCP plans to build toilets for every household level, particularly in slums and
city-periphery areas. It also aims to enhance wastewater treatment, solid waste collection and
re-engineering solid and liquid waste management by adopting newer technologies.
Urban Greens
Nagpur is recognized as one of the greenest cities in India [76], but these green patches exist
mainly over the institutional campuses, in lake catchments and pristine hill forests, which have
restricted access to the citizens. In view of that, the Nagpur’s SCP aims to create more inclusive,
accessible, and attractive open spaces through landscape designs and increasing the green cover
in the city. It also proposes to establish an urban forest in one of the lake catchment areas.
Digital, Efficient and Transparent governance
In Nagpur’s SCP, a citywide ICT backbone called NCCN is proposed to be established. The UOCCC
connected with CCTV cameras at critical junctions across the city has already been established,
which has strengthened the traffic management and social safety monitoring (Unpublished Impact
Assessment Study by VNIT, Nagpur, 2019). The Supervisory Control and Data Acquisition
(SCADA) system and quality sensors are also proposed in Nagpur’s SCP to improve the monitoring
of water supply and sewerage systems.
Revive Nagpur’s image as the regional economic center and boost job creation
To bring economic vibrancy and improve the viability of various SC initiatives, the Nagpur’s SCP
aims to develop a strategic roadmap. Through multi-stakeholder and innovation partnerships
with education and research institutions, it also aims to create a framework for promoting
incubation centers, start-ups, and youth entrepreneurship centers. A shift in policy environment
is also considered for encouraging trading and allied investments to foster economic growth.

5.2. Existing SC Research in the Domain of WEF Systems
Figure 4 highlights the number and types of SC-related research documents (in Scopus) in the
domain of WEF systems (independently and conjointly), until 15 October 2020. It can be seen that a
significant amount of research has so far been conducted on smart solutions related to energy and
water, much more as compared to food systems. The interconnected areas of water and energy have
also concurrently been addressed by a considerable number of SC-related studies, more as compared
to other combinations of interlinked WEF systems. Noticeably, the integrated components of WEF
systems and WEF nexus seem to have gained far less attention in SC research. This finding is also in
line with Liang et al. [22], who pointed that most of the previous studies have analyzed WEF systems
independently or examined two of the three WEF systems at a time within the defined boundaries.
Further, a substantial proportion of these research documents are seen to be conference papers, through
which it is apparent that all the interlinked areas of SC and WEF systems are widely been discussed
and explored.
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As apparent from Figure 6, the keyword ‘smart city’ is seen to have the highest strength in all
eight density visualization maps, which is very predictable as SC itself was a fixed part of the search
equations. However, these maps help in further visualizing the relative strengths of other keywords to
SC. As, for example, in Figure 6a, the keywords of energy utilization and conservation, IoT, smart grid
and sustainable development, etc. have a larger label size and their reddish color density indicates
their higher co-occurrence with SC in research documents. In terms of the distance between these
labels, it can be stated that energy utilization and conservation are more commonly used in the SC
research, as compared to IoT, sustainable development and smart grids. Likewise, the other maps
shown in Figure 6 can also be interpreted.
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strength and topic similarity. The shorter the distance between two labels, the stronger their
relationship is in terms of co-occurrences [82].
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electricity, smart grids also help to reduce transmission losses [99]. For effective functioning, smart grids
also rely on a range of smart technologies such as smart meters. Through sensor-based data collection,
smart electricity meters help to automate, monitor and optimize the energy consumption for domestic,
commercial and industrial purposes in real time [100].
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5.2.3. Smart Cities and Food
To enhance food supply and management, cities are gradually adopting smart solutions such as
IoT, big data, blockchain, etc. (refer to Figures 5 and 6d). Great emphasis is being put on encouraging
urban agriculture, enhancing food safety and minimizing food waste. Noticeably, the keywords of
rural areas, supply chains, etc. have also been recognized in SC literature on food systems (refer to
Figure 6d). From smart farming to enhancing food supply-chain performance, ICT applications are
increasingly demonstrating extreme potential to revolutionize food systems [101–103]. The governance
of food systems in SC has also emerged as a key theme of the 2015 Milan World Expo [104]. Due to the
wide range of actors involved in food systems, governance and multi-stakeholder engagement are
increasingly being highlighted as the key focus areas of smart food systems [105,106].
5.2.4. Smart Cities and Interlinked Water-Energy-Food Systems
Except for the domain of water-energy nexus (Figure 6c), very few SC-related studies have focused
on WEF systems from an interconnected perspective (refer to Figure 4). The existing studies for other
nexus combinations such as the food-energy nexus (Figure 6e) and the food–water nexus (Figure 6f)
are particularly linked with climate change and sustainable development. It should be noted that very
few studies have addressed the three interlinked WEF systems combined, and the potential of SC in
this regard is yet to be fully explored. Mekonnen et al. [25] highlighted that technology innovation and
quantification of nexus relationships are two critical solutions in the context of SC. While the majority
of the existing research is focused on conceptualizing WEF nexus and modelling approaches (refer to
Figure 6g,h), some innovative solutions, such as the Roof Mosaic approach [107,108], have also been
developed, that seek to enhance self-sufficiency in cities by using unused rooftops for food production,
renewable energy and rainwater harvesting.
6. Discussion
Referring to Section 5.1, the proposed Nagpur smart city builds on four key structuring aspects
of Smart Living, Smart Mobility, Smart Environment and Smart Governance. To make Nagpur
city sustainable, inclusive and livable, great emphasis is being put on enhancing urban services
like water and electricity supply, solid waste management, urban regeneration, improved mobility,
digital governance, etc. However, most of these developments are stated to be a part of ABD in PBP
areas (which cover <2% of city area), and only a few pan-city initiatives (e.g., waste management) are
being applied to larger parts of the city. This finding is also in agreement with van den Bosch [28],
who highlighted similar prospects for all proposed SC under the SCM mission. The predominant focus
on ABD plans as compared to pan-city initiatives possibly reflects the content and nature of proposed
SC in India, which again varies in different countries (as also explained in Section 2).
In regard to urban sustainability, Nagpur’s SCP [77] has emphasized on development of open
spaces, biodiversity parks, reducing carbon emissions, reducing energy demand, and water losses,
etc. However, the importance of environmental resource conservation for the future relevance of
SC developments has not been recognized. For example, to provide continued water supply to the
city residents, the Nagpur smart city may not by itself achieve these objectives, as the city meets
their water demands from areas outside their physical boundaries. Nagpur’s SCP has, however,
emphasized on improved water use efficiency within city boundaries through smart metering and
water quality monitoring. However, the key water source areas of Nagpur city are situated outside
the city boundaries [109]. This is the reason why despite the widespread advances under SCM,
Nagpur city has witnessed severe water stress situations in the recent years [71]. Particularly in
2019, the water supply in Nagpur city had to be restricted to alternate days due to declining water
levels in reservoirs [110–112]. At the same time, the drying water sources outside the city boundaries
are also having an impact on regional food (agriculture) [113] and energy systems (thermal power
stations), as drinking water demands in city areas are prioritized by law. Herein, the study underlines
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the core need for SC to think beyond ICT application within city boundaries. It is important to
realize that resource management through ICT application in cities needs to go hand in hand with
environment resource conservation at transboundary level. In consideration of the rising concerns of
WEF resource security in the wider Nagpur region, WEF nexus thinking has become imperative for the
SC developments in Nagpur.
In consideration of the defined FAs of the proposed Nagpur smart city (Section 5.1) and the
identified SC research directions in the domain of WEF systems (Section 5.2), the authors discuss four
key opportunities for optimizing the WEF nexus in the following sub-sections. These opportunities are
specifically linked to the context of Nagpur but some generalized lessons can also be derived for other
SC being developed under the SCM mission.
6.1. Smart Water Systems—An Entry Point to Optimizing the Water-Energy-Food Nexus
While the stock of freshwater resources is finite, there are competing water needs to meet
the growing demands for varying purposes including the urban domestic needs, food and energy
production. Meeting the water supply demands of Nagpur city without causing any cross-sectoral
and transboundary implications has also become a challenge, as the city is already witnessing direct
water stress. In this context, the Nagpur SCP [77] has already proposed solutions like smart metering
and water quality monitoring at city level. However, to enhance the WEF resource efficiency at the
transboundary scale, there is also a need to plan for improved water management at regional level.
Presently, Nagpur city receives water from three key surface water sources, namely, Gorewada
lake, Kanhan river and Pench dam. Pench dam—a multipurpose project—located 45 km North of
Nagpur city, presently caters to more than 70% of the city’s water demands [73]. According to the Draft
Sanitation Plan report prepared by NMC in 2011 [72], more than 50% of water supplied to Nagpur city
is being lost in transmission and distribution networks. Considering the importance of limited water
resources for urban domestic needs, as well as for other purposes like food and energy production,
Nagpur smart city needs to incorporate plans to improve water use efficiency at the regional level.
The effective use of cutting-edge technologies for water leakage detection, wastewater reuse and
treatment, smart irrigation, etc. (also discussed in Section 5.2.1) from both an in-boundary as well as
transboundary perspective can positively contribute to optimizing the WEF nexus.
6.2. Improved Understanding of Food Systems at Regional Level
The proposed Nagpur smart city has to an extent focused on enhancing the supply and efficiency
of water and energy resources (refer to Section 5.1). However, the importance of food systems has not
been recognized in Nagpur’s SCP, regardless of the fact that cities are net consumers of food products.
The importance of food systems was also recognized during the enforced COVID-19 lockdown in
Nagpur, wherein the urban–rural food supply chains were reportedly disrupted [114]. While the
source of water and energy in Nagpur are more or less known [109], the food products in the city
come from several different places from across the region. In that context, enhancing food supply
and management through smart solutions can serve for integrated management of water and energy
resources, as agriculture is the overall largest user of water resources and it also requires energy
(a generalized overview is shown in Figure 7).
As such, there is a need to employ ICT applications for tracing the flow of food products
from agricultural producers outside the city boundaries to consumers in the city, and accordingly,
work towards enhancing the efficiency of the WEF nexus at different stages of food production,
supply and consumption. From a WEF nexus perspective, Sukhwani and Shaw [109] explained the
flow of freshwater and wastewater resources between urban and rural areas in Nagpur Metropolitan
Area (NMA). Likewise, if the overall input, intersectoral flows, stock and outputs of food production
could be specifically defined, the ICT features of SC can be employed to collect, monitor and analyze
the data for facilitating informed decision making. It can also offer insights into the energy usage,
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management in Nagpur can also be derived from the existing SC research trends, which are discussed
in Section 5.2.3.
6.3. Enabling Multi-Stakeholder Engagement for Transboundary Cooperation
From the WEF source areas to consumers, a wide range of actors are included at different
administrative scales. In NMA also, the flow of WEF resources is separately governed and managed
by different agencies at various territorial levels [73,109]. In consideration of the overlapping spatial
scales of the natural systems (e.g., river basins), it is important for the Nagpur smart city to leverage the
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interlinkages between WEF sectors and promote policy coherence at transboundary scales. While no
general consensus exists so far on optimal decision making, there is an opportunity for SC developments
to stimulate participatory decision making through the ‘Smart Governance’ component. The keywords
of ‘decision making’ and ‘resource management’ have also been recognized in the existing SC research
trends on WEF interlinked systems, as seen from the density visualization maps in Figure 6g,h.
Since the proposed Nagpur smart city is still in the transformation phase, resource sustainability and
multi-stakeholder involvement can play a central role in creating adaptive and resilient cities [4].
Although the dynamic nature of stakeholders (including governments, industry, academia and
communities) across different sectors and scales has for long been a decision-making challenge [115],
the notion of multi-stakeholder engagement has recently gained increasing attention for bridging
the science–policy gaps. Several best practices have emerged around the world for engaging local
stakeholders to enable integrated resource management. In this context, the idea of ‘Urban Living
Labs’ (ULLs) has recently gained wide recognition in different parts of the world. ULLs are often
interchangeably used as an approach, a project, or a specific space. Nonetheless, they facilitate
multi-stakeholder engagement to collectively derive sustainability solutions for cities. By involving
citizens in development planning, ULLs help to enhance the livability and inclusiveness in
cities [116–118]. For the case of Nagpur, establishment of a stakeholder platform similar to ULLs will
not only provide a platform for bringing together a range of stakeholders, but it will also enhance
knowledge co-creation for addressing WEF nexus issues that are specific to local context.
6.4. Coordinated Development of Nagpur Smart City and the Adjacent Wadoda ‘Rurban’ Cluster
The importance of strengthening urban–rural linkages is increasingly being recognized for
achieving sustainable urban development, as the cities largely meet their WEF resource demands
from areas outside their physical boundaries. The existing SC research trends in the domain of
WEF systems have also identified rural areas as an important component for integrated resource
management (also reflected in Figure 6d,f,g). The proposed Nagpur smart city should therefore take
into consideration the possibilities of strengthening urban–rural linkages at regional level.
In this regard, it is important to point out that in parallel to the SCM mission, the Government
of India also launched the ‘Shyama Prasad Mukherji Rurban Mission’ (SPMRM) in 2016 with the
aim to develop 300 Rurban Clusters (a group of geographically contiguous smart villages) across the
country [119]. Wadoda cluster (comprising of 31 villages) in Nagpur district has been selected as one of
the Rurban clusters under SPMRM, which aims to preserve the dominant agrarian culture and enhance
basic services such as water supply, sanitation, road drainage and solid waste management [120].
As shown in Figure 8, Nagpur city and Wadoda cluster are situated adjacently. However, they are
being separately developed under two different national missions which are totally disconnected.
Sukhwani and Shaw [109] also discussed the focus areas of Wadoda cluster in reference to the Nagpur
smart city plan and emphasized the need for collective action for integrated resource management at
the transboundary scale.
Both these nationwide programs of SCM and SPMRM are expected to build ideal models of
smart cities and smart villages that could be replicated for future developments around the country.
Therefore, the coordinated development of Nagpur smart city and Wadoda cluster could serve as an
example for strengthening urban–rural linkages not only at regional level but also at national level.
The importance of urban–rural linkages and partnerships has also been highlighted in global policy
frameworks such as the SDGs [54] and The New Urban Agenda [121].
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7. Conclusions
7. Conclusions
This study discussed the two evolving concepts of SC and the WEF nexus, alongside their
This study discussed the two evolving concepts of SC and the WEF nexus, alongside their
overlapping focus areas. Against the rising WEF resource demands and the core need for environmental
overlapping focus areas. Against the rising WEF resource demands and the core need for
sustainability, the ongoing SC developments need to have a clear understanding of direct and indirect
environmental sustainability, the ongoing SC developments need to have a clear understanding of
nexus-based concerns. Although technology advancements and infrastructure development are core
direct and indirect nexus-based concerns. Although technology advancements and infrastructure
to SC projects, the study underlined a genuine need for safeguarding the future WEF resource security
development are core to SC projects, the study underlined a genuine need for safeguarding the future
of fast-growing cities. For the SC developments to remain relevant in the long term, the decision
WEF resource security of fast-growing cities. For the SC developments to remain relevant in the long
makers need to essentially consider the aspects of environmental resource conservation at regional
term, the decision makers need to essentially consider the aspects of environmental resource
level. As the world is already experiencing significant WEF resource shortfalls, the ICT-based smart
conservation at regional level. As the world is already experiencing significant WEF resource
solutions can serve for improved data collection and analytics for enabling effective use of natural
shortfalls, the ICT-based smart solutions can serve for improved data collection and analytics for
resources. The increasing penetration of ICT applications through SC developments also provide a
enabling effective use of natural resources. The increasing penetration of ICT applications through
genuine opportunity to the city governments for creating insights on resource consumption patterns
SC developments also provide a genuine opportunity to the city governments for creating insights
and take informed decisions to optimize WEF nexus.
on resource consumption patterns and take informed decisions to optimize WEF nexus.
Through the case of the proposed Nagpur smart city in India, it is noted that the SCM mission in
Through the case of the proposed Nagpur smart city in India, it is noted that the SCM mission
India puts high emphasis on physical and social infrastructure development within city boundaries,
in India puts high emphasis on physical and social infrastructure development within city
in terms of waste management, energy efficiency, mobility solutions, traffic management, etc. However,
boundaries, in terms of waste management, energy efficiency, mobility solutions, traffic
there is limited scope for consideration of environmental sustainability aspects and natural resource
management, etc. However, there is limited scope for consideration of environmental sustainability
management beyond the city boundaries. The notion of optimizing the WEF nexus at the transboundary
aspects and natural resource management beyond the city boundaries. The notion of optimizing the
scale therefore needs to be mainstreamed for enhancing WEF resource efficiency in proposed SC in
WEF nexus at the transboundary scale therefore needs to be mainstreamed for enhancing WEF
India. The increasing concentration of populations and economic activities in these cities also provides
resource efficiency in proposed SC in India. The increasing concentration of populations and
a range of opportunities for optimizing the in-boundary (e.g., reduced water losses, consumption
economic activities in these cities also provides a range of opportunities for optimizing the inpatterns) and transboundary linkages (e.g., wastewater reuse) between WEF sectors.
boundary (e.g., reduced water losses, consumption patterns) and transboundary linkages (e.g.,
Through the bibliometric analysis on keywords, the existing SC research trends in various domains
wastewater reuse) between WEF sectors.
of WEF systems were highlighted. The density evaluation maps prepared through the VOSviewer tool
Through the bibliometric analysis on keywords, the existing SC research trends in various
helped to vividly draw on the various directions (areas/sub-areas) for enhancing WEF resource efficiency
domains of WEF systems were highlighted. The density evaluation maps prepared through the
in SC. This analysis can also serve as a valuable future reference for researchers and practitioners in the
VOSviewer tool helped to vividly draw on the various directions (areas/sub-areas) for enhancing
field of SC and WEF systems.
To this point, the key objectives defined in the beginning of this study have been achieved, but the
readers should note the following limitations of this research. Firstly, this research is largely based
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on a conceptual and interpretative approach. Secondly, the study is only based on the review of
the proposed Nagpur SC plan and the opportunities for optimizing the WEF nexus are bound to
vary in different contexts. Thirdly, the bibliometric assessment was only focused on the co-keyword
analysis (for data derived from Scopus) through density evaluation maps. In that regard, there is scope
for further exploring other types of analysis (such as the strength of links), and by combining the
bibliographic data from other databases (e.g., PubMed and Web of Science). A recommended direction
for further research would be to overcome these study limitations, as well as to work towards bridging
the existing science–policy gaps.
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