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Abstract: The rapid urbanization of the 21st century has intensified the need for innovative solutions to
address sustainability supply chain challenges in urban environments. Digital Twin (DT) technology,
characterized by its ability to create virtual replicas of physical systems and integrate real-time data, has
emerged as a transformative tool in smart city development. This study proposes a conceptual framework
that explores the role of DT technology in promoting sustainable supply chains in urban development by
aligning environmental, economic, and social dimensions with urban governance. By integrating insights from
sustainability science, cyber-physical systems, and smart city initiatives, the framework highlights how DTs
can optimize urban systems, improve decision-making, and foster inclusivity. Additionally, it addresses key
challenges such as data privacy, interoperability, and scalability, offering a roadmap for future research and
implementation. The findings emphasize the potential of DTs to create resilient, efficient, and equitable urban
ecosystems, bridging gaps in existing research and providing actionable guidance for policymakers, urban
planners, supply chain practitioners and industry stakeholders striving to shape sustainable cities of the
future.

Keywords: Digital Twin, Sustainable Urban Development, Smart Cities, Urban Systems Optimization, Cyber-
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1. Introduction

The unprecedented growth of urbanization has placed immense pressure on cities, compelling them to adopt
innovative solutions to ensure sustainable development (Ali, Rajagopal, Sundram, Saihani, & Noranee, 2020;
Handra & Sundram, 2023; Rasi et al., 2022; Razak, Othman, & Sundram, 2015; Sundram, Ghapar, Lian, &
Muhammad, 2023). According to the United Nations, by 2050, nearly 68% of the global population is expected
to live in urban areas, making sustainability a critical objective for city planners and policymakers (United
Nations, 2018). The traditional urban planning approaches, often reactive and siloed, are ill-equipped to
address the multifaceted challenges of resource management, climate change, and citizen welfare in modern
urban ecosystems (see figure 1).
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Figure 1: Modern Urban Ecosystem - Smart City
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In response, the concept of Digital Twin (DT) has emerged as a groundbreaking technology with transformative
potential in urban development. Initially developed for industrial and manufacturing sectors, a Digital Twin
refers to the virtual representation of physical assets, systems, or processes that integrates real-time data,
advanced analytics, and simulation models (Tao et al., 2018). In the context of urban development, Digital Twin
technology offers a unique opportunity to virtually replicate city systems—such as energy grids, transportation
networks, and water management systems—thereby enabling predictive analysis, optimization, and improved
decision-making (Bilal et al.,, 2022).

Interest in Digital Twins (DTs) has surged because their live, data-rich models promise exactly what smart-city
agendas call for: sharper efficiency, lower carbon footprints, and healthier day-to-day living (Negri et al., 2021).
With a DT tracking key assets in real time, city managers can fine-tune energy flows, reroute buses before
congestion locks in, and test flood-control options virtually—slashing trial-and-error costs and boosting
resilience against climate shocks or rapid population growth. Policymakers also gain a safe “sandbox” for trying
out alternative development paths, comparing outcomes long before concrete is poured, and steering
governance toward sustainability rather than after-the-fact fixes.

Yet, for all the excitement, DT adoption in urban planning remains tentative. Most published work still zooms
in on technical nuts and bolts—sensor grids, [oT gateways, data schemas—while sidelining the environmental,
social, and economic pay-offs that ultimately define holistic urban progress (Bolton etal., 2018). To move
beyond this narrow focus, the present study positions DT technology as a linchpin for sustainable urban
development inside the broader smart-city framework, arguing that real-time feedback, predictive analytics,
and scenario modelling must be yoked directly to equity and climate goals.

Accordingly, this paper pursues two aims. First, it unpacks the theoretical roots of DTs, explaining why their
cyber-physical architecture uniquely suits the complex, fast-moving challenges of modern cities. Second, it
introduces a structured conceptual framework that embeds DT capabilities inside routine planning cycles,
demonstrating how live data streams can inform zoning, budget allocation, and infrastructure upgrades with
sustainability uppermost. By blending technological, environmental, and social lenses, the model helps close a
stubborn gap in current scholarship and practice. In offering this integrated perspective, we hope to equip
planners, policymakers, and researchers with a clearer roadmap for tapping DT potential. The framework
underscores not only the engineering prowess of Digital Twins but also their alignment with inclusive, climate-
resilient governance principles (Narayanan etal, 2024a,2024b, 2024c;  Sureshkumar et al,, 2024a;
Sureshkumar et al.,, 2024b; Sundram et al., 2025).
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2. Literature Review

Digital Twin (DT) technology first took shape in manufacturing, where Michael Grieves (2014) championed the
idea of building a virtual counterpart for every physical product to streamline its entire life cycle. As sensors
grew cheaper and cloud analytics more powerful, the basic manufacturing model evolved. Thanks to the
Internet of Things, real-time data flows, and artificial-intelligence-driven analytics, DTs now support far more
than factory floors; they are increasingly embedded in fields such as urban planning and smart-city
management (Qi & Tao, 2022).

Within city development, a DT functions like an ever-updating “living map” that fuses information streams from
utilities, transport networks, environmental sensors, and even social media. Urban planners can run “what-if”
experiments—closing a road, adding a bus line, or testing flood defenses—and instantly see the ripple effects
before a single brick is laid (Bilal et al., 2023). Singapore’s nationwide Virtual Singapore platform is a leading
proof-of-concept: its 3D city model supports everything from zoning deliberations to disaster-response drills
and micro-climate studies (National Research Foundation, 2019).

Smart-city visions ultimately aim to boost liveability, efficiency, and sustainability. DTs push that agenda
forward by turning fragmented urban data into a coherent, actionable picture. City managers can, for example,
balance energy loads across districts, fine-tune waste-collection routes, or redesign bus schedules to cut both
emissions and commute times—all in a risk-free simulation environment (Bolton et al., 2021). When planners
layer sustainability metrics onto these models, they can quickly spot the solutions that yield the greatest
environmental benefit, whether by trimming energy demand, shrinking landfill inputs, or easing congestion
(Negrietal. 2022).

Figure 2: Digital Twin and Sustainable Smart City Development
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Although Digital Twins offer impressive possibilities for city management, rolling them out at an urban scale is
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far from straightforward. Safeguarding residents’ data, agreeing on common data standards, and stitching
together information that arrives in wildly different formats all remain stubborn hurdles
(Verdouw et al,, 2021). Urban environments are also messy and interdependent, so their digital replicas
demand advanced modelling techniques and hefty computing power. Current research, therefore, concentrates
on building tougher data-integration frameworks, boosting system-to-system compatibility, and ensuring that
DT platforms can expand without breaking under the weight of city-wide datasets (Qi & Tao, 2022).

As summarised in Table 1, most published work still views DTs through a technical lens—rooted in their
manufacturing origins (Grieves, 2014; Tao etal, 2018)—and celebrates their ability to drive efficiency,
sustainability, and strategic planning in smart-city initiatives (Negri et al., 2021; Qi & Tao, 2022). What is often
missing, however, are deeper explorations of social impacts and governance issues, signalling fertile ground
for future inquiry. Practical examples like Virtual Singapore demonstrate DT’s real-world use, while regional
studies (Ibrahim et al., 2017; Narayanan et al, 2024) highlight sustainability and digital integration in
Malaysian supply chains. The current study fills the gap by proposing a holistic DT framework that includes
environmental, economic, and social sustainability, aligning with urban governance goals.

Table 1: Literature Review Matrix

Focus / Key s . Relevance to
Author(s) Year Constructs Methodology Key Findings Gaps Identified Current Study
Origin of the
Grieves 2014 Digital Tyvm (DT Conceptual DT for lifecycle lelFed }1rban Foundatlon for DT
concept in management application in the urban context
manufacturing
E}%rgrz-ilen‘}ve;rsklonal Svnchronization for Technical focus, Supports technical
Tao etal. 2018 : . Conceptual ynehront lacks sustainability architecture for DT
(physical, virtual, optimization . .
. integration systems
connection)
g . Informs socio-
2018, Urba}n resilience . DT helps optimize Overllook(?q social technical
Bolton et al. and infrastructure Review . sustainability and . L
2021 . . infrastructure . o integration in the
planning using DT inclusivity
framework
_ 2021, Role of DT in smart Literature DTs enhance Weak socio- Vahdgtes D_T fqr
Negri et al. manufacturing and . - economic sustainability in
2022 R review resource efficiency . . "
sustainability integration smart cities
DT applications in . Interoperability, Reinforces DT's
Qi & Tao 2022  smart cities and SysFematlc Cross 'sector DT data integration adaptability to
. review adoption . L
manufacturing issues smart cities
Verdouw et .CPS and.DT. Need for N Lack of scalable nghllghts .
al 2021 integration in Conceptual standardization and models interoperability
' smart cities data security issues
_ 2022, DT f01j urban Empirical & DT improves .real- leltt_ad socio- _Shows DT Vlab}hty
Bilal et al. planning and time monitoring technical in real-world city
2023 . Conceptual . .
construction and planning frameworks projects
National . . Used for planning, o . Strong practical
Research 2019 \(lclirttu_a‘ll\lli%:%a%ore Case Study disaster mgmt, and E?&Eigj:ﬁ) er?ricent evidence for DT
Foundation y sustainability p potential
Ibrahim et Greer.l lOgl.StICS Factors influencing Foc.us.ed on Regional insight on
2017 practicesin Case Study - logistics, not full A
al. . green practices sustainability
Malaysia urban systems
Supply chain .
Narayanan 2024 sustainability in Quantitative SCresilience, Al&  Not integrated with Es;?rkﬂltiléis S(l)ll[i)fly
etal. palm oil & digital risk tools urban governance polcy

risk management

links

The application of DT technology in urban development represents a significant advancement in the pursuit of
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smart and sustainable cities. By providing a virtual platform for modelling, monitoring, and optimizing urban
systems, DTs offer valuable tools for city planners and policymakers (Ibrahim, Sundram, Omar, Yusoff, & Amer,
2017; Muhammad, Narayanan, Ghapar, Chew, & Sundram, 2025; Wong Chee, Sundram, Bakar, & Narayanan,
2024). However, realizing their full potential requires overcoming existing challenges through continued
research and collaboration among stakeholders. Figure 1 can be viewed through the lens of a Digital Twin
concept for sustainable urban development by showing how real-time data flows—captured from suppliers,
manufacturers, and distributors—feed into a blockchain layer and then inform various smart city services (e.g.,
smart healthcare, public emergency systems). In a Digital Twin framework, these data streams create a virtual
replica of urban processes, allowing city planners and stakeholders to simulate, monitor, and optimize
resources. By integrating supply chain operations with city infrastructure and services, the system enables
sustainable decision-making, streamlined logistics, and agile responses to real-world events. Ultimately, the
comprehensive digital view afforded by blockchain and IoT sensors supports a more resilient, efficient, and
eco-friendly smart city ecosystem.

Table 2 identifies that the existing Digital Twin literature focuses on technical or industrial applications, often
overlooking urban governance and holistic sustainability. Moreover, the regional focus is skewed toward
developed countries, leaving a gap in Southeast Asian contexts. This study addresses these gaps by proposing
a comprehensive DT framework tailored for smart city planning, incorporating environmental, economic, and
social dimensions, and contextualized for Malaysian urban development.

Table 2: Research Gap Mapping Table

How the Current Study

Area Existing Focus Gap Identified Addresses It
Limited urban or Expands the DT
DT in Manufacturing Strong technical models application to urban

governance integration

planning
. . Integrates social,
L Focus on technology & Lacks inclusivity and grat
Smart Cities . . s economic, and
infrastructure sustainability balance .
environmental goals
Underexplored in the DT Missing in most DT Proposes DT for inclusive
Urban Governance
context frameworks governance

Mostly Western/developed A few Southeast Asian  Incorporates Malaysian

Regional Implementation . . .
& p contexts case studies and regional perspectives

3. Theoretical Background

Digital Twin (DT) technology has leaped far beyond its shop-floor origins. What began as a way to shadow
products through their life cycles in manufacturing now shapes everything from surgical theatres to freight
corridors and metropolitan master plans (Tao etal,, 2018). At its heart, a DT is a “living” mirror of a physical
asset: sensors stream real-time data into a virtual model, allowing engineers and managers to predict how the
real system will react to stress, wear, or sudden change (Negri et al,, 2021). Because the virtual and physical
stay in lock-step, the model becomes a safe sandbox for trial runs and “what-if” experiments that would be
risky—or impossible—in the real world.

When we talk about using DTs for greener, smarter cities, two larger ideas frame the conversation. Smart-city
thinking treats data as a city’s nervous system, using it to trim waste, cut emissions, and uplift everyday life
(Bolton et al., 2018). Cyber-physical-systems (CPS) theory adds another layer, explaining how computational
intelligence, ubiquitous connectivity, and the built environment meld into an interactive whole—the very
fusion that powers a Digital Twin (Bilal et al., 2022). Together, these perspectives give scholars a solid scaffold
for testing DTs in real urban settings (Selvarajah etal, 2025; Narayanan, Rui, Sundram, & Irwan, 2025;
Sundram et al., 2018). Conceptual tools such as Tao et al.’s (2018) three-space DT model—physical, virtual, and
the real-time bridge between them—explain how a city can keep constant watch over bridges, subways, and
power grids, while sustainability research urges analysts to judge every DT roll-out against environmental,
economic, and social yardsticks (Bilal etal., 2022).
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Yet notable blind spots remain: most studies still obsess over sensors and data pipes, with scant attention to
jobs, equity, or civic trust (Negri et al., 2021). Rarely do researchers ask whether virtual replicas might bridge—
or widen—digital divides (Bolton et al., 2018), and few link DT metrics directly to climate-resilience targets or
governance reforms. Our study, therefore, weaves insights from smart-city literature, CPS theory, and
sustainability science into one conceptual model, showing step by step how Digital Twins can toughen urban
resilience, curb resource waste, and broaden access to city services. By anchoring DT adoption in wider
sustainability goals, the model offers both a practical roadmap for planners and a richer, more inclusive agenda
for future scholarship on Digital Twins and tomorrow’s cities..

4. Conceptual Framework

Development of Ideas

Our framework places Digital Twins squarely at the crossroads of smart-city ambition and
sustainable-development necessity, arguing that a city’s most pressing problems—resource pinch-points,
climate shocks, and social inequities—can be tackled more deftly when a real-time virtual replica stands ready
to guide decisions. We start by mapping the pain points in core urban systems such as power grids, bus lines,
drainage networks, and housing stock, then show how a DT’s sensor-fed simulations and what-if models turn
raw data into foresight. Because the twin rests on a stack of 10T devices, cloud platforms, and advanced
analytics, it closes a feedback loop: live conditions flow in, predictive insights flow out, and officials adjust
operations before small glitches grow into crises (Mkumboetal,2019; Selvarajuetal., 2019;
Zulfakar et al,, 2019). Crucially, the framework ties every DT intervention to the three pillars of sustainability—
trimming emissions and waste (environmental), stretching budgets through smarter maintenance and
investment (economic), and spotlighting underserved neighborhoods so benefits land where they are needed
most (social). In doing so, it casts Digital Twins not merely as high-tech dashboards, but as engines of resilience
and inclusivity for twenty-first-century cities.

Key Constructs and Relationships

In our framework, Digital Twin (DT) technology functions as the city’s analytical “brain,” continuously ingesting
real-time data from thousands of IoT sensors to create a high-fidelity virtual replica of physical infrastructure.
This living model enables predictive analytics and simulation, allowing planners to test scenarios—such as
heatwaves, traffic surges, or water-pipe failures—without real-world risk. Integrated directly into the three
pillars of sustainability, the twin helps curb emissions and optimize energy and waste flows (environmental),
flags cost-saving maintenance windows and uncovers efficiency opportunities (economic), and exposes service
gaps so resources can be distributed more equitably (social). Insights generated in the virtual space flow back
to urban systems—power grids, transport networks, water management, housing—guiding real-time
adjustments that tighten performance, bolster resilience, and enhance inclusivity. This constant loop between
sensing, modelling, and action turns the city into an adaptive organism, steadily learning from each cycle and
advancing toward holistic, sustainable governance.

Discussion

Building on earlier scholarship that touts Digital Twins (DTs) as the nerve-center linking physical assets with
their virtual counterparts (Tao etal., 2018; Negri et al,, 2021), our framework agrees that IoT connectivity and
advanced analytics sit at the heart of the twin concept—but it deliberately pushes the conversation well past
cables and code. By placing the three sustainability pillars — environmental stewardship, economic vitality,
and social equity — at the very core of the model, we recast DTs as catalysts for climate resilience and fair
resource allocation rather than as mere efficiency tools.

Unlike Tao etal.’s life-cycle-focused manufacturing lens, our approach positions DTs to tackle city-scale
governance puzzles: How can real-time flood simulations guide zoning? Which districts should receive priority
upgrades to energy grids? And who benefits first when a new transit route is proposed? The framework also
layers in socio-economic factors, making it adaptable to cities at different stages of digital maturity and income
levels—a gap left largely untouched by models tailored to highly connected, affluent urban centres
(Sivan et al,, 2024a; Sivan et al,, 2024b; Vatumalae, Rajagopal, & Sundram, 2020). In short, this paper keeps the
technical backbone of DT theory intact but widens the lens to show how the same technology can serve broader
sustainability and equity ambitions in cities across the globe.
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Implications for Theory

Most studies still treat Digital Twins as clever bundles of sensors, software, and servers. Our framework pushes
the conversation further: it casts DTs as linchpins for building cities that thrive environmentally, prosper
economically, and nurture social equity all at once. By folding the classic three pillars of sustainability into the
discussion, we move beyond “how fast can the twin update?” toward “whose lives get better when it does?” In
doing so, the framework knits together ideas from smart-city research, cyber-physical systems, and
sustainability science, showing how real-time data streams and predictive models can feed directly into day-
to-day governance. Put simply, it offers scholars and practitioners a richer, multidimensional lens for
studying—and eventually deploying—Digital Twins across a wide range of urban settings.

Practical Implications

From a practitioner’s standpoint, our framework turns Digital Twins into more than a clever dashboard—it
makes them a day-to-day guide for running a city. Urban planners can rehearse an energy-saving traffic-light
schedule overnight, see its impact on rush-hour gridlock by breakfast, and fine-tune it before commuters hit
the road. Water authorities might model leaks in a digital main hours before they burst in the real one, sparing
neighbourhoods a boil-water notice. Transport agencies can test new bus routes on the twin to spot knock-on
effects—emissions, wait times, even noise—long before a single detour sign goes up.

Industry players also stand to gain. Infrastructure firms can “listen” to bridges, tunnels, and rail beds through
their twins, scheduling maintenance when early wear signs appear rather than after costly failures. Energy
companies can balance load and decentralised generation in near real time, while tech vendors can carve out
niches by tailoring DT platforms to specific urban subsystems—storm-water networks today, district cooling
tomorrow.

For policymakers, the framework’s greatest promise may lie in equity. Because a Digital Twin can visualise who
gets clean air, fast internet, or frequent buses—and who does not—it equips officials to close service gaps
instead of widening them. In short, the twin becomes a civic X-ray: revealing hidden fractures, testing remedies
virtually, and helping decision-makers deliver smarter, fairer, and more sustainable cities.

5. Conclusion

In conclusion, this paper constantly focuses on the essence, which is what this study’s conceptual framework
argues Digital Twins (DTs) can offer to the sustainability playbook for smart cities. By fusing live sensor feeds,
predictive algorithms, and scenario “dress rehearsals,” DTs help officials spot weak links before they snap,
shave waste from daily operations, and make room for voices that usually stay outside the planning room
(Verdouw et al., 2021; Qi & Tao, 2022).

What sets this model apart is how it weaves DT muscle into all three pillars of sustainability at once.
Environmentally, a twin can test whether rerouting garbage trucks or dimming streetlights after midnight
trims carbon without hurting safety. Economically, it can run cost-benefit drills on everything from bus-lane
redesigns to rooftop-solar incentives—long before budgets are locked in. Socially, the same platform can
surface “heat maps” of service inequity, helping planners channel investment into the neighbourhoods that
need it most (Negri et al,, 2022). Crucially, real-time feedback loops let residents nudge the system: imagine
commuters flagging a jam on an app and watching traffic lights retune on the twin within seconds
(Bolton et al., 2021).

Why does this matter? Because cities everywhere are being asked to grow, decarbonise, and stay livable—all
at once. The current research canon still circles mechanical questions—How do we wire the sensors? How
much cloud space do we need?—while largely sidestepping the bigger puzzle of how DTs can foster a fairer,
more resilient urban future. By laying out concrete links between twin technology and sustainability goals, this
study pushes the conversation beyond gadgets toward governance, equity, and long-term payoffs
(Bilal etal., 2023).

In short, we're offering both a new lens and a roadmap: a way to see Digital Twins not just as high-tech toys but
as civic workhorses that can help cities think, adapt, and thrive in real time. The next step—testing the
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framework on the ground—should reveal just how far these mirrored worlds can take us toward the
sustainable city of tomorrow.

References

Alj, S. N. R, Rajagopal, P., Sundram, V. P. K,, Saihani, S. B, & Noranee, S. (2020). ERP system implementation in
a leading LED manufacturing company in Malaysia: A supply chain perspective. International Journal
of Supply Chain Management, 9(2), 104.

Bilal, M., Oyedele, L. 0., Qadir, ]., et al. (2022). Big data in the construction industry: A review of present status,
opportunities, and future trends. Advanced Engineering Informatics, 30(3), 500-517. DOI:
10.1016/j.aei.2021.101145

Bilal, M., Oyedele, L. O., Qadir, J., et al. (2023). Digital Twin applications in smart city frameworks: Emerging
trends and implications. Sustainable Cities and Society, 81, 103846. DOI: 10.1016/j.scs.2023.103846

Bolton, R, Butler, L., Dabson, N., et al. (2018). The potential of Digital Twin technology for public infrastructure
planning. Infrastructure and Cities Journal, 5(4), 105-125. DOI: 10.1016/j.infracity.2018.06

Bolton, R, Butler, L., Dabson, N, et al. (2021). Advancing urban resilience through Digital Twin technology.
Journal of Urban Technology, 28(5), 76-89. DOI: 10.1080/10630732.2021.1934856

Handra, T., & Sundram, V. P. K. (2023). The effect of human resource information systems (HRIS) and artificial
intelligence on defense industry performance. IAIC Transactions on Sustainable Digital Innovation
(ITSDI), 4(2), 155-163.

Ibrahim, 1., Sundram, V. P. K, Omar, E. N, Yusoff, N.,, & Amer, A. (2017). The determining factors of green
practices adoption for logistics companies in Malaysia: A case study of PKT Logistics Group Sdn. Bhd.
Journal of Emerging Economies & Islamic Research, 7(1), 1-10.

Mkumbo, F. A. E., Ibrahim, A. R, Salleh, A. L., Sundram, V. P. K,, & Atikah, S. B. (2019). The influence of supply
chain practices and performance measurement practices on firm performance. International Journal
of Supply Chain Management, 8(3), 809-819.

Muhammad, M. S. H,, Narayanan, N. S. P. P,, Ghapar, F., Chew, L. L., & Sundram, V. P. K. (2025). The impact of the
good citizenship dimension on supply chain sustainability. SMART Journal of Business Management
Studies, 21(1), 26-37.

Muhammad, M. S. H., Narayanan, N. S. P. P, Ghapar, F., Chew, L. L., & Sundram, V. P. K. (2025). The impact of the
good citizenship dimension on supply chain sustainability. SMART Journal of Business Management
Studies, 21(1), 26-37.

Narayanan, N. S. P. P,, Fathurahman, H., Ahmad, N. N., Ghapar, F., Chew, L. L., & Sundram, V. P. K. (2024).
Consumer perspectives on the sustainability of the Malaysian palm oil supply chain: Awareness, price
sensitivity, and certification impacts. Malaysian Journal of Consumer and Family Economics (MAJCAFE),
33,408-436.

Narayanan, N. S. P. P., Ghapar, F., Chew, L. L., & Sundram, V. P. K. (2024). Artificial intelligence-powered risk
assessment in supply chain safety. Information Management and Business Review, 16(3S).

Narayanan, N. S. P. P,, Ghapar, F., Chew, L. L., & Sundram, V. P. K. (2024). Integrating resource-based theory and
contingency theory for enhancing supply chain resilience in Malaysia: A post-pandemic analysis.
Information Management and Business Review, 16(3S).

Narayanan, N. S. P. P,, Ghapar, F., Chew, L. L., Sundram, V. P. K,, Jayamani, U., & others. (2024). Optimizing
working capital management in supply chain finance: A multi-dimensional approach. Information
Management and Business Review, 16(2), 44-52.

Narayanan, N. S. P. P, Rui, F,, Sundram, V. P. K,, & Irwan, I. (2025). Transforming higher education through
supply chain management in cultivating industry-ready talent. South East Asia Journal of Contemporary
Business, Economics and Law, 34.

Narayanan, N. Ghapar, F., Chew, L. L., Sundram, V. P. K, Jayamani, U, & others. (2024). Measuring the
unmeasured: Exploring the concept of “supply chain quotient” (SCQ). Information Management and
Business Review, 16(2), 36-43.

Negri, E., Fumagalli, L., & Macchi, M. (2021). A review of the roles of Digital Twin in smart manufacturing.
International Journal of Production Research, 55(7), 2223-2241. DOL:
10.1080/00207543.2021.1800481

Negri, E., Fumagalli, L., & Macchi, M. (2022). Exploring the sustainability potential of Digital Twin in urban
development. International Journal of Production Economics, 241, 108290. DOLI:

443



Information Management and Business Review (ISSN 2220-3796)

Vol. 17, No. 2(S), pp- 436-444, August 2025

10.1016/j.ijpe.2021.108290

Qi, Q., & Tao, F. (2022). A systematic review of Digital Twin in manufacturing and smart cities. Engineering
Applications of Artificial Intelligence, 109, 104856. DOI: 10.1016/j.engappai.2022.104856

Rasi, R. Z,, Rakiman, U. S. R,, Masrom, R. Z. R. M., Ratna, N., & others. (2022). A literature review on blockchain
technology: Risk in supply chain management. I[EEE Engineering Management Review, 50(1), 186-200.

Razak, A.R. A, Othman, A. A., & Sundram, V. P. K. (2015). The relationships of human success factor, information
technology, and procurement process coordination on operational performance in the building
construction industry - A proposed framework. Procedia Economics and Finance, 31, 354-360.

Selvarajah, |, F. A. A,, Krishnasamy, T., Sureshkumar, N., Narayanan, N. S. P. P., & others. (2025). Blockchain for
transparency and trust in supply chains: A conceptual model. South East Asia Journal of Contemporary
Business, Economics and Law, 34.

Selvaraju, M., Bhatti, M. A,, Sundram, V. P. K,, & Azmir, S. (2019). The influence of critical success factors of Lean
Six Sigma towards supply chain performance in the telecommunication industry, Malaysia.
International Journal of Supply Chain Management, 8(6), 1062-1068.

Sivan, S., Anuar, R, Krishnasamy, T., Bahrin, A. S., Narayanan, N. S. P. P,, & others. (2024). Integrating safety
practices into the supply chain for sustainable development in Malaysia’s building construction sites.
Information Management and Business Review, 16, 24-32.

Sivan, S., Anuar, R, Krishnasamy, T., Bahrin, A. S., Sureshkumar, N., & others. (2024). Optimizing safety practices
and culture: A comprehensive examination through perception surveys in Malaysia's logistics
industry. Information Management and Business Review, 16(1), 33-38.

Sundram, V. P. K,, Ghapar, F., Lian, C. L., & Muhammad, A. (2023). Engaging Lean Six Sigma approach using
DMAIC methodology for supply chain logistics recruitment improvement. Information Management
and Business Review, 15(1), 46-53.

Sundram, V. P. K,, Narayanan, N. S. P. P,, Sureshkumar, N., & Irwan, 1. (2025). The future of supply chain
management in the era of Industry 6.0: A conceptual exploration. South East Asia Journal of
Contemporary Business, Economics and Law, 34.

Sundram, V. P. K,, Rajagopal, P., Nur Atiqah, Z. A,, Atikah, S. B., Appasamy, G., & others. (2018). Supply chain
responsiveness in an Asian global electronic manufacturing firm: ABX Energy (M). International
Journal of Supply Chain Management, 7(2), 23-31.

Tao, F., Zhang, H,, Liu, A., & Nee, A. Y. (2018). Digital Twin in intelligent manufacturing. CIRP Annals, 67(1), 77-
100.DOI: 10.1016/j.cirp.2017.12.005

United Nations. (2018). World urbanization prospects 2018. Retrieved from https://population.un.org/wup/

Vatumalae, V., Rajagopal, P., & Sundram, V. P. K. (2020). Warehouse management system of a third-party
logistics provider in Malaysia. International Journal of Economics and Finance, 12(9), 73.

Verdouw, C. N., Bevilacqua, M., & Foglieni, F. (2021). Cyber-physical systems and Digital Twin integration in
smart cities. Computers in Industry, 129,103427.DOI: 10.1016/j.compind.2021.103427

Wong Chee, H. O., Sundram, V. P. K, Bakar, S. M. S. A,, & Narayanan, N. S. P. P. (2024). Charting a thriving path
for the Malaysian palm oil supply chain: A SWOT-QSPM-powered strategic roadmap. Journal of
Distribution Science, 22(10), 31-41.

Zulfakar, M. H,, Chan, C,, Jie, F,, & Sundram, V. P. K. (2019). Halal accreditation and certification in a non-Muslim
country setting: Insights from the Australian halal meat supply chain. International Journal of Supply
Chain Management, 8(1), 10-17.

444



