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The rapid rate of urbanization and increased infrastructural complexities significantly affects achieving the
targets of Sustainable Development Goal 11 (SDG 11). Digital Twin Technology (DTT) has emerged as a
promising and transformative tool, yet there is a lack of comprehensive understanding of its potential impact on
SDG 11 within the New Zealand (NZ) context. This research examines how DTT can advance SDG11 by analysing
its application, benefits, challenges, and implications within the NZ context. The novelty of this study lies in its
use of a mixed-method approach as it integrates NZ specific trend analysis, keyword analysis, and an interre-
lationship network diagram. This comprehensive methodology employed provides a unique understanding on
how DTT advancement can be adapted to NZ’s urban landscape. The findings highlight critical challenges,
including data integration, cross sector collaboration, and governance barriers which hinder widespread adop-
tion. The study underscores the importance of Knowledge Sharing and Transfer (KS&T) to translate insights into
local actions effectively. In addition, the interrelationship network diagram highlights the need for a holistic
approach towards DTT implementation in the context of urban sustainability. These insights can play a funda-

mental role for guiding policymakers and shaping urban development strategies both in NZ and globally.

1. Introduction

Rapid urbanization, infrastructure demands, and environmental
problems are some of the major pressing factors worldwide that hamper
the accomplishment of SDG 11 — which aims to create inclusive, safe,
resilient, and sustainable cities. Digital Twin Technology (DTT) offers a
promising solution to these challenges by enabling real-time digital
replica of physical space, therefore enhancing decision-making, opti-
mizing resource management, and enhancing urban planning (Allam
et al., 2022). DTT have been successfully adopted in various city con-
texts, such as Barcelona and Singapore, in managing its infrastructures
with the aim of reducing environmental impact (Barresi, 2023). This
underlines the potential of DTT to transform urban sustainability and
meet Sustainable Development Goal 11 (SDG 11) targets. In New Zea-
land (NZ), however, DTT remains comparatively underexplored, despite
unique urban challenges facing the country that make it a valuable
context for DTT implementation (Caprari et al., 2022).

From 1960, with 67.95 %, to 2023, with 87.00 %, the continuous
growth in NZ’s urban landscape introduces new challenges for

innovative solutions in urban management while dealing with increased
population complexities and stresses on infrastructure and the envi-
ronment (Fig. 1). Unlike the dense urban centres of many global cities,
NZ urban environments are smaller and spread out, requiring unique
approaches to sustainable development. This is where the DTT holds
significant potential in addressing those challenges by enabling smarter,
data-driven urban management. However, its applicability in smaller
urban centres like those in NZ requires further exploration to understand
how DTT can be adapted to local contexts and used effectively to support
the creation of smart, sustainable cities (Dembski et al., 2019).

The objective of this study is to primarily explore ways in which DTT
can support towards achieving the targets of SDG 11 in NZ with a focus
on critical urban sustainability concerns including optimization of
infrastructure, environmental monitoring, and disaster resilience. By
integrating DTT trends with localized case studies from NZ, this research
explores the applications, benefits, and challenges of DTT in a country
with distinct infrastructural and environmental needs. The study em-
ploys a novel mixed-method approach which includes NZ-specific trend
analysis, keyword analysis, and interrelationship mapping of keywords.
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Fig. 1. Urbanization percentage in NZ.

This approach offers a distinctiveness by bridging global advances with
local urban challenges, wherein the findings are both globally informed
and locally relevant. The novelty of the study lies in investigating and
adapting DTT innovations to NZ’s specific urban landscape. It also ar-
ticulates actionable strategies for pressing immediate urban sustain-
ability concerns for policymakers, urban planners, and stakeholders,
while setting the foundation for future research into DTT in NZ’s urban
environments. The aim of this study is to support the transition of NZ
towards smarter and more resilient cities in line with the goals of SDG
11.

2. Literature review
2.1. Digital Twin Technology: conceptual foundations and global progress

A DTT project develops a virtual, dynamic representation of physical
objects and systems which is continuously updated with real-time data
and holds simulation capabilities. Grieves and Vickers (2017) observed
that though DTT was first developed in manufacturing and aerospace
industries with product life cycle management, its scope has extended
further to application in various fields such as urban planning, infra-
structure management, and development of smart cities. DTT has begun
to be valued for its potential to solve complex issues (Grieves & Vickers,
2017). For instance, under the “Virtual Singapore” project, the govern-
ment of Singapore provides a comprehensive virtual 3D model of the
city to allow urban planners to simulate and analyse urban scenarios for
better decision-making (Shah & Lim, 2020). The platform enables urban
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planning, disaster management, and optimization of resource allocation.
Similarly, DTT adoption for Barcelona has been used through integrated
data platforms to improve infrastructure management and consequently
reduce severe environmental impact (Sanchez & Torres, 2021). Such
initiatives provide insight into how DTT may transform urban settings
through data-informed decision-making, optimized resource manage-
ment, and open citizen participation.

Fig. 2 illustrates the DTT integration process, where the data flows
from the physical environment into a digital space and enables contin-
uous monitoring and optimization. This dual approach supports real-
time analytics and predictive maintenance which are relevant in the
process of optimizing strategies to achieve SDG 11 (Galar & Kumar,
2024). By analysing the physical and virtual aspects in conjunction, DTT
can help city planners and policymakers manage complex and inter-
connected urban systems more efficiently and support the targets of SDG
11.

2.2. Advancing SDG 11 with Digital Twin Technology

Applications of DTT are closely related to the targets of SDG 11,
primarily by offering innovative solutions to urban challenges to enable
performance optimization of infrastructure, increased environmental
monitoring, and better disaster resilience. In essence, it offers predictive
maintenance for infrastructure assets, reducing downtime and
enhancing asset lifespan, thus contributing to the sustainability of urban
infrastructure (Opoku et al., 2021; Weil et al., 2023).

The relationship between DTT and the SDGs is depicted in Fig. 3,
showing how specific DTT applications directly support SDG 11.
Moreover, it supports inclusive urban planning via virtual platforms that
enable citizens to engage in real-time. According to Shahat et al., 2021,
DTT models enhance levels of transparency in the public decision-
making process and foster community involvement in projects on
urban development. This inclusion is key for the responsiveness and
citizen-centric city development. However, despite the potential, the
implementation of DTT is confronted with challenges such as data
integration, interoperability issues, high implementation costs, and
complex governance barriers.

2.3. The New Zealand context: gaps and opportunities

Despite global advances in DTT, its implementation in NZ is rela-
tively underexplored. NZ’s urban landscapes are characterized by
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Fig. 2. DT physical-virtual integration.



U.R. Patel et al.

Predictive

Cities 155 (2024) 105484

Maintenance and
Real-time Monitoring

I

Sustainable

Infrastructure

(SDG 11.1 &

11.3)
Virtual Public Safe Public Sustainable Traffic Flow Analysis and
Ehdcerant Platfonms Spaces (SDG Transport (SDG —— Predictive Congestion
939 1.7) 11.2) Models

Digital Twin

Technology
) ) ) R'educing / Protecting Environmental Monitoring
Polluugn DIS,peI'SIOn Environmental Natural Heritage ——— using remote sensing and

Simulation Impact (SDG 11.4) data analytics
(SDG 11.6)
Disaster

Resilience (SDG

11.5)

l

Disaster Scenario

Simulation

Fig. 3. - Integration of Digital Twin Technology with SDG 11 Targets.

smaller, dispersed urban centres, in contrast to the dense metropolitan
environments where DTT has been widely implemented. This difference
in urban structure highlights both challenges and opportunities related
to the adoption of DTT.

NZ development of DTT has progressed through distinct phases:
Early Exploration (2014-2016), Growing Awareness (2017-2019), and
lately, Strategic Focus (2023-Present) (Infrastructure New Zealand, n.d).
The Early Exploration phase was characterized by university-led
research initiatives, while the Growing Awareness phase saw pilot
projects and partnerships aimed at increasing knowledge of DTT appli-
cations in urban planning and infrastructure management. The current
phase focuses on advancing national urban development through stra-
tegic frameworks and growing industry interest (Fig. 4).

However, ongoing development lacks specific insights into how DTT
can be adapted to address NZ’s unique infrastructural and environ-
mental needs. Challenges such as data integration, cross-sector collab-
oration, and governance remain evident. Further research is required to
explore how DTT can help solve NZ’s urban challenges and contribute to
meeting SDG 11 targets.

As shown in Table 1, there are examples of DTT applications in NZ,
particularly from the emerging initiatives started by the Wellington City
Council. However, there is generally a lack of substantial studies that
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T
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l
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contextualize DTT in the NZ. This limited implementation and consid-
eration of DTT in NZ’s urban planning highlights the need for deeper
analysis to understand how advances in DTT can be adapted to the local
context. Addressing these gaps is crucial for leveraging DTT to advance
SDG 11 targets in NZ, particularly in areas such as infrastructure opti-
mization, environmental monitoring, and disaster resilience.

The literature demonstrates that DTT can significantly improve
urban landscapes to support the realization of SDG 11 goals. Global
examples showcase how DTT has been successfully implemented to
enhance urban sustainability. In NZ, however, DTT is still in its infancy,
with challenges related to data integration, cross-sector collaboration,
and governance. There is an urgent need for comprehensive studies to
guide how DTT can be tailored to address localized infrastructural and
environmental needs.

The current study bridges this gap by adopting a NZ specific mixed-
method approach that incorporates trend analysis, keyword analysis,
and an inter-relationship mapping of keywords. This helps in bridging
DTT advances with local challenges through actionable strategies which
can help policy makers, urban planners, and other stakeholders in NZ
and worldwide, make informed decisions and facilitate easy transition
towards smarter cities and more resilient cities as envisioned in SDG 11.

Wellington City

Council partners to
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Fig. 4. Phases of DTT Development in NZ.
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Table 1

DTT applications supporting SDG 11 targets in New Zealand.

SDG 11 Targets

How DT Supports

DT Examples in
NZ

Reference

11.1 - Affordable
and safe
Housing

11.2 - Sustainable
Transport
Systems

11.3 - Inclusive
and Sustainable
Urbanization

11.4 - Protecting
the Natural
Heritage and
the culture

11.5 - Reduce the
negative effects
of Natural
Disasters

11.6 - Reduce the
Environmental
Impact of Cities

11.7 - Provide
Access to Safe
and Inclusive
Green and
Public Spaces

11.a - Strong
National and
Regional
Development
Planning

11.b - Implement
Policies for
Inclusion,
Resource
Efficiency, and
Disaster Risk
Reduction

DT can help in
planning and
managing housing
projects, ensuring
they are safe,
adequate, and
affordable.

DT can aid in
designing efficient
and sustainable
transport systems.

DT can enhance
urban planning and
management,
making it more
inclusive and
sustainable.

DT can help in
efforts to protect
and safeguard
cultural and
natural heritage.
DT can aid in
planning for
climate change
adaptation and
developing
resilience to
natural disasters.
DT can help reduce
the environmental
impact of cities by
aiding in waste
management and
improving air
quality.

DT can assist in the
design and
management of
safe, inclusive, and
accessible public
spaces.

DT can support
positive economic,
social, and
environmental
links between
urban, peri-urban,
and rural areas.
DT can aid in the
development and
implementation of
integrated policies
and plans towards
inclusion, resource
efficiency, and
disaster risk
reduction.

Wellington city
council (WCC)
uses
transportation
statistics for bus,
rail, etc.

WCC has
developed a DT
model, which is
an interactive
model. The model
is developed
based on wide
range of data

WCC uses city
wide sensors for
air quality
monitoring

WCC has been
used to make
better decision on
adaptive
planning

WCC is scaling its
existing DT model
to include
community
action across the
city to address
climate change
and move
towards
post-carbon
future

(Lu, Parlikad,
et al., 2020; Ying
et al., 2022)

(Buildmedia, n.
d.; Callcut et al.,
2021)

(Batty, 2013;
Buildmedia, n.d.;
Caprari et al.,
2022; White

et al., 2021)

(Marra et al.,
2021;
Menaguale,
2023; Zhang

et al., 2022)
(Ford & Wolf,
2020; Riaz et al.,
2023; Wilson &
Piper, 2010)

(Ministry for the
Environment, n.
d.; Qian et al.,
2024; Reid &
Rhodes, 2016)

(Ahuja & RCDD,
2016; Jouan &
Hallot, 2020)

(Dembski et al.,
2019; Ministry
for the
Environment, n.

d)

(Al-Sehrawy

et al.,, 2021;
Bloomberg
Cities, n.d.;
Jouan & Hallot,
2020; Weil et al.,
2023)

3. Methodology

This research adopts a mixed-method approach, which includes both
quantitative and qualitative analyses to investigate the influence of DTT
on SDG 11 within the NZ context. The methodology involves trend
analysis for NZ, keyword analysis and mapping the inter-relationships of
key themes that bridge the gap in developments of DTT and local urban
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challenges of NZ (Fig. 5).
3.1. Research design

A sequential explanatory mixed-method design has been adopted,
where the collection of quantitative data and its analysis was followed
by qualitative analyses that elaborate on these quantitative findings.
This enables a more in-depth investigation into the various aspects of
DTT’s impact on urban sustainability in NZ.

3.2. Data collection

3.2.1. NZ-specific trend analysis

A general search of keywords broadly maps out the context within
which DTT is present within the public realm. Google Trend data on
“Digital Twin” and “Smart City” in NZ were collected from January 2014
through December 2023. The search interest reveals a clear trend
around growing awareness and interest highlighting patterns of changes
in public and professional engagement with DTT and smart city
concepts.

3.2.2. Keyword analysis

A keyword analysis is concluded from literature review. This was
developed through search strategies, utilized keywords, specifying the
search criteria to identify works that discuss how DTT interacts with
both SDG 11 and the NZ context. A PRISMA flow diagram was utilized to
document the selection process illustrating the number of articles
identified, screened, and included in the final analysis. Only peer-
reviewed papers were considered for the study to guarantee high aca-
demic standards and practical relevance, providing a robust foundation
for the study. The keyword search included “Digital Twin”, “Smart
Cities”, “SDG 117, “urban sustainability”, and “New Zealand”. Scopus
and Web of Science were utilized as the main sources for academic da-
tabases. As shown in Fig. 3, a total of 1174 records were identified
through the databases. Following the removal of the duplicate entries, a
total of 876 unique records remained. The titles of the 876 records went
through a screening process where 572 records were excluded since they
did not meet the research focus. The remaining 304 records went
through a secondary screening by their abstracts, excluding 207 records.
A total of 97 papers went through skimming their full text, where 47
papers were further excluded as they were not relevant to the domain, or
their focus was unrelated to our research objectives. This left us with 50
papers, which went through an in-depth thematic analysis.

3.2.3. Interrelationship mapping

Thematic coding of the literature was done for recurring themes
related to applications, benefits, challenges, and implications of DTT.
Network diagrams were employed to map inter-relationships among
identified themes. This involved the development of a thematic matrix
to map out the relationships among different themes and cross-
tabulating them to show areas of overlap and influence.

3.3. Data analysis

3.3.1. Trend analysis

Patterns and shifts of interest in the Google Trends data collected
were analysed. The increases in search count were computed and line
graphs were developed to visualize the trends. A comparison analysis
was done between Digital Twin and Smart City based on the increase in
interest related to each which informs relative public and professional
engagement.

3.3.2. Keyword frequency and thematic analysis

The keywords were deduced and the frequency of each keyword
through text mining techniques from the abstracts, titles, and the body
of the selected articles. Major themes of the paper and its findings were
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Fig. 5. Mixed methods research approach for understanding DTT in advancing SDG 11.

categorized into applications, benefits, challenges, and implications. In
order, to clearly highlight the dominant themes, the papers were pre-
sented in the form of a cluster (Table 2 and Fig. 6).

3.3.3. Interrelationship analysis

The key themes were mapped from the keyword analysis to show the
interrelationships. This created a network diagram representing the
application, benefits, challenges, and implications interlinkages of the
DTTs. The mapping indicated that advances in areas such as infra-
structure optimization have positive influences on environmental
monitoring and engagement of citizens. This approach consequently
underlines that integrated strategies and cross-functional collaboration
are imperative for maximizing the full potential of DTT in contributing
towards sustainable urban development within NZ.

4. Data analysis and key findings
4.1. Interest over time

Fig. 7 illustrates web search trends in NZ for ‘Digital Twin’ and
‘Smart Cities’, for the year 2014 to 2023. Despite ‘SC’ maintaining a
consistently higher search volume throughout the period, peaking at
832 searches in 2019, the more linear growth of ‘DT’ shows a growing
awareness of the technology and its potential applications. The search
interest for DT grew from 50 in 2014 to 265 in 2023. The growth trend
coincides with the release of NZ’s Digital Twin Strategy in 2022, which
articulates a vision to embed DTT into the urban system to drive smarter
and more sustainable cities (Rautaki et al., 2022). This strategy is a part
of NZ’s broader vision to enhance urban sustainability and efficiency
which are particularly in line with the targets of SDG 11.3, focusing on
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Table 2
Categorization of Papers on DTT.

Sr. Research clusters References

no

1 DT Applications and Case
Studies

(Attaran & Celik, 2023; Callcut et al., 2021;
Elsehrawy et al., 2021; Erol et al., 2020;
Ferré-Bigorra et al., 2022; Gourisetti et al.,
2023; Griibel et al., 2022; Hamalainen,
2020; Insights, 2020; Lampropoulos &
Siakas, 2023; Najafi et al., 2023; Qi et al.,
2021; Qiuchen Lu et al., 2019; Ramu et al.,
2022; Singh et al., 2022; Topping et al.,
2021; Weil et al., 2023; World Economic
Forum, 2022; Ye et al., 2023)

(Attaran & Celik, 2023; Caprari et al., 2022;
Castelli et al., 2019; Clement et al., 2023;
Gao et al., 2021; Gartner, 2019; Holler

et al., 2016; Nochta et al., 2019; Qiuchen
Lu et al., 2019; Ramu et al., 2022; Singh
et al., 2022; Teng et al., 2021; Weil et al.,
2023; World Economic Forum, 2022; Wu
et al., 2021; Ye et al., 2023)

(Attaran & Celik, 2023; Botin-Sanabria

et al., 2022; Caprari et al., 2022; Clement
et al., 2023; Gartner, 2019; Griibel et al.,
2022; Ketzler et al., 2020; Lampropoulos &
Siakas, 2023; Castelli et al., 2019; Ramu
et al., 2022; Shahat et al., 2021; Teng et al.,
2021; Topping et al., 2021; Wu et al., 2021;
Ye et al., 2023)

(Attaran & Celik, 2023; Erol et al., 2020;
Ferré-Bigorra et al., 2022; Gartner, 2019;
Griibel et al., 2022; Hassani et al., 2022;
Ismagiloiva et al., 2019; Ketzler et al.,
2020; Lampropoulos & Siakas, 2023;
Madni et al., 2019; Qi et al., 2021; Ramu
etal., 2022; Wu et al., 2021; J. Zhang et al.,
2020)

(Allam et al., 2022; Caprari et al., 2022;
Castelli et al., 2019; Dembski et al., 2019;
Elsehrawy et al., 2021; Hamalainen, 2020;
Insights, 2020; Ismagiloiva et al., 2019;
Korenhof et al., 2021; Lombardi et al.,
2012; Mauree et al., 2019; Nochta et al.,
2019; Qi et al., 2021; Qiuchen Lu et al.,
2019; Ramaswamy & Madakam, 2013;
Ramu et al., 2022; Topping et al., 2021;
Viitanen & Kingston, 2014; Weil et al.,
2023)

(Agostinelli et al., 2021; Argota Sanchez-
Vaquerizo, 2022; Berglund et al., 2023;
Callcut et al., 2021; Elsehrawy et al., 2021;
Erol et al., 2020; Gao et al., 2021;
Gourisetti et al., 2023; Hamalainen, 2020;
Ismagiloiva et al., 2019; Korenhof et al.,
2021; Madni et al., 2019; Mohammadi &
Taylor, 2017; Negri et al., 2017; Porter &
Heppelmann, 2015; Qi et al., 2021;
Qiuchen Lu et al., 2019; Ramu et al., 2022;
Shahat et al., 2021; Teng et al., 2021;
Wagner et al., 2017; J. Zhang et al., 2020)

2 DT Benefits and Implications

3 DT Challenges and
Limitations

4 DT Frameworks,
Technologies, and Enabling
Factors

5 DT for Smart Cities and
Urban Development

6 DT for Infrastructure and
Industry

inclusive and sustainable urbanization.

The growing search trends suggest that DT is increasingly considered
as an important tool for achieving efficient, resilient, and inclusive
urban outcomes. While SC remains a prominent theme across public
domain, the steady rise in DT interest suggests a shifting paradigm in
how city planning, and management are being redesigned.
Although the concept of DTT looks promising, its practical imple-
mentation in cities such as Wellington and Auckland remain slow with
limited progress towards urban sustainability goals. This study high-
lighted the growing importance of DTT in developing future urban
policies and strategies considering its increasing importance in public
awareness and policy discussions. The release of the Digital Twin
Strategy (2022) marks a critical shift in how NZ urban planners and
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20

Category
DT Frameworks, Technologies
DT for Smart Cities and Urban Development
DT for Infrastructure and Industry

W DT Applications and Case Studies
Hm DT Benefits and Implications
I DT Challenges and Limitations

Fig. 6. Cluster-wise distribution of papers.

policymakers are approaching technological solutions for sustainable
growth (Rautaki et al., 2022).

4.2. Keyword analysis

This section concludes keyword analysis associated with the appli-
cation, benefits, challenges, and implications of DTT in the context of
urban sustainability. The keywords, categorized by frequency helps
identify strategic focus for NZ within these areas. By understanding
where NZ stands, we can better assess how DTT contributes to advancing
SDG 11. Table 3 and Fig. 8 illustrates the key terms and reveals DTT’s
breath and its impact on enhancing urban sustainability in NZ.

For instances, IO&M and UP&D are the highest frequency category,
accounting for 32 % and 30 %, respectively. This indicates DTT’s strong
role in improving infrastructures and refining urban development stra-
tegies. On the benefits side, IOE and DDDM show the highest signifi-
cance, contributing 31 % and 30 %. It highlights DTT’s role in
optimizing urban operations and supporting informed decision making.
Tremendous challenges remain when integrating DTT into urban sys-
tems and are dominated by DI&Q and SC&G at 23 % and 20 %,
respectively. These challenges underline the complexities of issues
involved in ensuring data quality and building effective partnerships
across public-private sector for its successful implementation. The im-
plications of DTT are significant, with the highest impact on EDM&P and
TUIM at 33 % and 31 % respectively. Aligning DTT objectives with those
of SDG 11 highlights its transformative potential for urban sustainabil-
ity. Overcoming key challenges and effectively maximizing the benefits
of DTT will be essential for achieving SDG 11 and positively impacting
urban sustainability.

4.3. Applications of DT technology

DT has established itself across many industries and has emerged as a
core concept for digital transformation in construction (Omrany et al.,
2023; Opoku et al., 2021; Tuhaise et al., 2023), manufacturing (Cimino
etal., 2019; Y. Lu, Liu, et al., 2020; Phanden et al., 2021), and aerospace
(Phanden et al., 2021; Xiong & Wang, 2022; Zheng et al., 2019). There
have also been promising signs of increased productivity, reduce oper-
ational costs, improving safety, and optimize asset sustainability across
those industries. Examination of applications of DTT within the context
of NZ illustrates the multifaceted approach. As depicted in Fig. 8 and
Fig. 9, the application of DTT spreads across numerous domains
including, CE&P, EERM, 10&M, CEP, and TM. In addition, the appli-
cations have a direct influence on some of the SDG 11 targets. Consisting
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of 32 %, IO&M holds the highest portion reflecting a noted emphasis on
optimization of infrastructure related applications, while CE&P holds
the lowest with approximately 11 %. Fig. 8 and Fig. 9 demonstrates the
comprehensive and diverse utilization of DTT across different aspects of
urban planning and governance in line with SDG 11 targets.

DTT integrates data from different sources (e.g., geospatial, sensor,
demographic) to enable city planners to create a real-time 3D model,
simulating different growth scenarios. In Transportation Managment,
DTT plays an effective role in managing urban transportation networks.
For instance, the DTT deployed in Wellington city uses real-time data to
monitor traffic flow, congestion patterns, and public transport opera-
tions. This real-time information drives decision-making and continuous
optimization (Buildmedia, n.d.). Significant progress is being made in
Energy EERM within NZ with the aid of DTT. These frameworks are used
to manage energy more effectively. By integrating data across infra-
structure, energy systems, and real-time processes (such as tracking,
analysis, and energy optimization), more sustainable resource man-
agement processes can be achieved (Yu et al., 2022).

The application of DTT in urban sustainability through IO&M is a
notable adoption in NZ. DTT supports NZ’s approach to efficient man-
agement of infrastructure systems and assets by deploying DTs that
provide real-time visibility into the state, functionality, and lifespan of
infrastructure assets including buildings, bridges, and roads
(Infrastructure New Zealand, n.d). This visibility facilitates the devel-
opment of predictive maintenance strategies that facilitate the optimi-
zation of repairs and infrastructure upgrades. In the CEP domain,
Auckland is developing a pilot project based on DTs aimed at increasing
citizen involvement in urban development process. Through the provi-
sion of platforms and visualisations of the city, DTs give residents with
access to urban data and enables them to engage more meaningfully;
from providing feedback to participating in the decision-making
(Auckland Digital Twin Pilot Project, n.d.). This initiative will foster a
shared-city approach to development facilitated by higher level of urban
data literacy and the profound insights through DTT applications.

4.4. Benefits of Digital Twin Technology

The adoption of DTT within the context of urban sustainability re-
flects a range of positive impacts across several key areas. As depicted in
Fig. 10, these impacts can be categorized into four primary domains of
urban development: DDDM, IOE, EUR, and CE&E with their direct

influence on several SDG 11 targets. IOE contributes the highest and
accounts for up to 31 % of the total benefits delivered. This domain
fundamentally focuses on optimizing operations and resource use
thereby significantly improving urban management. Alternatively,
CE&E contributes the least, at approximately 16 %, though it plays a
transformative role in reshaping how citizens interact with their urban
environments and infrastructure. Together, these domains contribute to
advancing urban sustainability and enhances both the urban environ-
ment and the quality of life of its citizens.

In the context of DDDM, NZ recognises the pivotal role of DTT as a
fundamental tool for informed decision-making. A prominent example is
the Aotearoa NZ DT initiative, supports the creation of DTs for industry,
government and communities and while encouraging innovative
research. The initiative aims to develop a comprehensive collection of
DTs through the development of a DT pipeline and a centralized library
making DTT more accessible and applicable nationwide (ORUA, n.d.). In
the IOE domain, Infrastructure Commission of NZ has recommended
that the journey to city-wide, regional and eventually nation-wide DTs
be accelerated and embedded as a preferred tool for spatial planning
development. This should significantly improve the efficiency of infra-
structure planning, delivery and asset management.

There are tangible applications in NZ of EUR with most notably
through their Flood Resilience DT project which involves University of
Canterbury, Land Information NZ, and National Institute of Water and
Atmospheric Research Limited. The study is aimed at automating the
development of pluvial and fluvial models, capturing and analysing
topographical and infrastructure data to model inundation and flow
patterns in urban areas (Flood Resilience Digital Twin, 2023). The goals
is to assess the impact of flooding on infrastructure and contributes to
improved disaster resilience in line with SDG 11.5. In the CE&E domain,
DTT is having a transformative impact, particularly through initiatives
like the Auckland Digital Twin Pilot Project which aims to reinvent
urban planning by enhancing citizen engagement and optimizing
infrastructure; supporting SDG 11.7 (Auckland Digital Twin Pilot Proj-
ect, 2024).

4.5. Challenges of DT technology

The challenges associated towards the advancement of SDG 11 in NZ
using DTT is presented in Fig. 11. Table 3 highlights the challenges,
depicting: DI&Q, DP&S, S&C, SC&G, C&RA, and 1&0. Among these,
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Table 3
DTT impact analysis on SDG 11.

Ref.no  Category Key themes Count % Distribution
across category
1 Application of Citizen Engagement 9 11 %
DT Technology and Participation
(CE&P)
2 Application of Energy Efficiency and 12 15 %
DT Technology Resource Management
(EERM)
3 Application of Infrastructure 26 32%
DT Technology Optimization and
Maintenance (I0&M)
4 Application of Transportation 10 12 %
DT Technology Management (TM)
5 Application of Urban Planning & 24 30 %
DT Technology Design (UP&D)
6 Benefits of DT Citizen Engagement 10 16 %
Technology and Empowerment
(CE&E)
7 Benefits of DT Data-Driven Decision 19 30 %
Technology Making (DDDM)
8 Benefits of DT Enhanced Urban 15 23 %
Technology Resilience (EUR)
9 Benefits of DT Improved Operational 20 31 %
Technology Efficiency (IOE)
10 Challenges of Cost and Resource 8 7 %
DT Technology Allocation (C&RA)
11 Challenges of Data Integration and 22 23 %
DT Technology Quality (DI&Q)
12 Challenges of Data Privacy and 15 16 %
DT Technology Security (DP&S)
13 Challenges of Interoperability and 15 16 %
DT Technology Standardization (I&S)
14 Challenges of Scalability and 17 18 %
DT Technology Complexity (S&C)
15 Challenges of Stakeholder 19 20 %
DT Technology Collaboration and
Governance (SC&G)
16 Implications for Enhanced Decision- 23 33 %
Advancing SDG Making and Planning
(EDM&P)
17 Implications for Improved Urban 22 31 %
Advancing SDG Infrastructure
Management (IUIM)
18 Implications for Knowledge Sharing 1 1%
Advancing SDG and Transfer (KS&T)
19 Implications for Resilience and 13 18 %
Advancing SDG Adaptability (R&A)
20 Implications for Stakeholder 12 17 %

Advancing SDG Engagement and

Collaboration (SE&C)

DI&Q appears most significant at 23 %, while C&RA is minimally rep-
resented at 7 %. This distribution underscores the critical need for
strategic attention in addressing these challenges to ensure the suc-
cessful implementation of DTT in NZ.

Data quality is a significant concern in NZ and worldwide. The
Infrastructure Commission of NZ emphasizes the need for substantial
improvements in the quality of data supporting DTT considering it
would be essential for delivering a functional national DT. Additionally,
DP&S challenges are not unique in NZ given they reflect global concerns
and indicates that privacy and security issues must be carefully
addressed as DTT is rolled out (ORUA, n.d.). S&C presents another
challenge in NZ, given that most DTT models are currently customised
for the specific requirements of organisations and their asset or knowl-
edge bases. For DTT to become widely applicable across cities and re-
gions, models would need to be more generalised with reduced
complexity associated around its deployment. Considering that, scaling
DTT beyond isolated applications will remain difficult. SC&G is critical
to DTT’s success in NZ, as evidenced by the recent establishment of the
DT Partnership NZ, which highlights the importance of advocacy,
enhancing capabilities, and fostering collaborative engagement across
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sectors (Digital Twin Partnership New Zealand, n.d.). The forum aims to
address governance challenges and improve collaboration among
stakeholders as it would be required towards achieving DTT’s full po-
tential in urban development.

C&RA also presents significant challenges for the implementation of
DTT in NZ. WSP NZ illustrates that delivering a national DT for Aotearoa
NZ would involve multiple interconnected DTs, each demanding com-
plex resource allocations and careful cost management. Similarly, I&S is
emphasized by the Aotearoa NZ DTs initiative as it requires the
consolidation, standardization, extension, and connection of DT models,
methods, and algorithms. Ensuring effective 1&O is critical to the suc-
cessful implementation of DTT in NZ (WSP, n.d).

4.6. Implications for advancing SDG 11

The implications of DTT for advancing SDG 11 are extensive. As
shown in Fig. 12, key areas where DTT supports the realization of SDG
11 objectives include EDM&P, IUIM, R&A, SE&C and KS&T. Table 3
highlights EDM&P leads with a significant 33 % contribution towards
improving decision-making and planning process. In contrast KS&T has
the lowest contribution at just 1 %, underscoring the need to address this
element for the advancement of SDG 11 (Table 3).

In the realm of EDM&P, DTT can significantly enhance decision-
making and planning processes in NZ. A notable example is the WCC,
where a DT has been developed to monitor real-time urban activity,
which helps with decision-making. The WCC DT model integrates data
from various sources, including geospatial data, sensor data and de-
mographic sources which enables city planners to visualize and simulate
various scenarios (Ministry for the Environment, n.d.). For IUIM, the
Infrastructure Commission of NZ has recommended accelerating the
development of nation-wide DT to make them as a primary tool for
spatial planning. The outcome is expected to improve the efficiency of
infrastructure planning, delivery, and the asset management in NZ
(Infrastructure New Zealand, n.d) and aligns well with the targets of
SDG 11.5 and 11.6.

As previously mentioned, R&A is depicted through the initiatives like
the Flood Resilience DT project in NZ ((Flood Resilience Digital Twin,
2023) and supports the SDG 11.b and 11.5. SE&C is another critical
implication of DTT, as seen in the launch of the Digital Twin Partnership
NZ, which focuses on advocacy, capability development, and stake-
holder collaboration. This initiative highlights the importance of
governance and stakeholder engagement in the successful imple-
mentation of DTT across NZ. Lastly, KS&T is an essential component
highlighted by the DT Partnership NZ. Aligned with partnerships in
Australia and other international networks, this initiative facilitates the
sharing of experiences and knowledge to strengthen capabilities in NZ.
The collaborative exchange acts as an important factor for fostering the
necessary foundation for DTT implementation (Digital Twin Partnership
New Zealand, n.d.).

4.7. Interconnections between key themes

The applications, benefits, challenges, and implications of DTT in NZ
and globally are interconnected (Fig. 13). Understanding these in-
terconnections is paramount for realizing the full potential of DTT in
creating smarter, more resilient, and sustainable cities.

Data integration and quality are closely tied to operational effi-
ciency. High-quality, homogenized data enables reliable digital models,
which significantly improve infrastructure management, resource allo-
cation, and maintenance planning. For instance, Wellington’s real-time
infrastructure monitoring system relies on integrated data to directly
support SDG 11.6 by optimizing resource utilization and minimizing
environmental impact. High-quality data enhances operational effi-
ciency and positively influences multiple urban systems. Moreover,
there is a strong relationship between data-driven decision-making and
stakeholder collaboration. While DTT provides valuable data to inform
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20. Stakeholder Engagement and Collaboration (SE&C)
19. Resilience and Adaptability (R&A)

18. Knowledge Sharing and Transfer (KS&T)

17. Improved Urban Infrastructure Management (1UIM)
16. Enhanced Decision-Making and Planning (EDM&P)
15. Stakeholder Collaboration and Governance (SC&G)
14. Scalability and Complexity (S&C)

13. Interoperability and Standardization (1&S)

12. Data Privacy and Security (DP&S)

11. Data Integration and Quality (DI&Q)

10. Cost and Resource Allocation (C&RA)

9. Improved Operational Efficiency (IOE)

8. Enhanced Urban Resilience (EUR)

7. Data-Driven Decision Making (DDDM)

6. Citizen Engagement and Empowerment (CE&E)

5. Urban Planning & Design (UP&D)

4. Transportation Management (TM)

3. Infrastructure Optimization and Maintenance (I0&M)
2. Energy Efficiency and Resource Management (EERM)
1. Citizen Engagement and Participation (CE&P)

26

Application of DT Technology (1-5)
Bl Benefits of DT Technology (6-9)

Count

Category
Challenges of DT Technology (10-15)
Bl implications for Advancing SDG (16-20)

Fig. 8. Keyword count across different categories.
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Fig. 9. Application of DTT.

urban planning, its successful implementation requires effective
collaboration between governments, private sector, and communities.
For example, in Auckland, DTT has been planned to promote citizen
participation through the Pilot Project in urban planning, contributing
to the achievement of SDG 11.3, which promotes inclusive and partici-
patory sustainable urban development.

Scalability and complexity are also interrelated, particularly when
expanding community based DTT projects like the Flood Resilience
Digital Twin to broader regions. Overcoming the technical and logistical
challenges of scaling DTT systems supports SDG 11.B by enabling inte-
grated disaster risk management and enhancing urban adaptability to
environmental threats. The synergy between citizen engagement and
data decision-making also highlights how DTT enhances inclusive urban
governance. By making urban data accessible, DTT increases

transparency and enables residents to make informed decisions, further
contributing to SDG 11.3. This participatory approach ensures that
urban planning reflects public input, leading to higher-quality
outcomes.

Finally, the integration of resilience and adaptability in urban sys-
tems is closely connected to infrastructure optimization and disaster risk
management. Through disaster scenario modelling, DTT helps cities in
NZ anticipate risks and take proactive measures to mitigate negative
impacts. This directly contributes to SDG 11.5, which aims to reduce
deaths, injuries and economic losses caused by disasters. In doing so,
DTT strengthens both infrastructure resilience and the quality of long-
term urban planning. In conclusion, the interlinkages among DTT
themes demonstrate how advancements in one area—such as data
integration or citizen engagement—can lead to improvements across
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other urban systems. These novel interconnections can helps enable
cities in NZ and globally to adopt a holistic approach to DTT, ensuring
that the technology supports long-term sustainability, resilience, and
inclusivity in alignment with SDG 11 goals.

5. Discussion of results

The work significantly contributes to the literature on DTT and its
potential to advance SDG 11 in NZ. Building on Hamaldinen (2020),
Abdeen et al. (2022), and Ye et al. (2023), among other prior studies, the
current work provides a comprehensive examination of DTT assessment
in NZ urban context with the focus on SDG 11. This approach is novel as
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other studies have mostly worked on the technical side of DTT imple-
mentation while the current research focuses on advancing global goals.

5.1. Expanding on previous research

The study from Hamalainen (2020) demonstrated that DTT enables
continuous and efficient urban planning through real-time monitoring.
Similarly, Abdeen et al. (2022) highlighted DTT’s importance by per-
forming real-time simulations for urban management. Our study extends
these insights in the NZ context, highlighting how DTT has been suc-
cessfully applied in Wellington’s transport management system for
optimizing operations and reducing congestion, hence contributing to
SDG 11.2 on sustainable transport.

The Auckland Digital Twin Pilot Project also extends on these find-
ings by emphasizing the importance of citizen engagement in urban
planning which directly supports SDG 11.3, promoting inclusive ur-
banization. While earlier studies primarily focused on infrastructure and
real-time monitoring as fragmented approach, our research takes a
broader, holistic approach, linking them with SDG 11 and highlighting
its significance. Table 4 presents a comparative overview of key studies
on DTT from 2021 to 2024 and highlights the contribution of current
study.

5.2. Highlighting underexplored SDG 11 goals

This research identifies several SDG 11 goals that are underexplored
but relevant to NZ’s urban development. For instance, SDG 11.1 focuses
on affordable and safe housing. DTT can play a significant role in
planning and managing housing projects, ensuring they are safer and
more affordable, which can act as vital tool for housing shortages in NZ.

Access to safe, inclusive, and green public spaces, represented by
SDG 11.7, has been largely overlooked. Our findings underline the
possible contribution of DTT in designing and maintaining green spaces
through public engagement platforms that enables inclusive urban
development.

Additionally, SDG 11.B, which addresses disaster risk reduction, is
exemplified by the Flood Resilience DT Project in NZ. The initiative
demonstrates how DTT is applied in flood scenario modelling to enhance
preparedness and further contributes to SDG 11.5 - reducing disaster
risks in urban areas. These examples illustrate DTT’s ability to support
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urban resilience in the face of climate change.

5.3. Addressing challenges

Despite promising applications, DTT faces significant challenges that
must be addressed to realize its full potential in NZ. Issues such as data
integration (23 %) and stakeholder collaboration (20 %) remain critical
barriers, which is further supported by Abdeen et al. (2022) and Ye et al.
(2023). Fragmented data systems and a lack of cross-sector collabora-
tion continue to impede seamless DTT implementation. This would slow
pace achieving the targets of SDG 11.

However, our research goes further by suggesting possible solutions
to address such challenges. The study emphasizes the importance of
developing knowledge-sharing frameworks and strategic partnerships.

For example, the Digital Twin Partnership NZ could serve as a model for
facilitating collaboration between government, industry, and the com-
munity enabling DTT solutions to be scaled across diverse urban context.
Such interdisciplinary approach is required to overcome data silos and
ensure that DTT applications supports SDG 11.6, focused on reducing
the environmental impacts of cities through sustainable use of resources.

5.4. Interlinking DTT themes

The interrelationship diagram in this research illustrates how ad-
vancements in areas such as data integration led to improved opera-
tional efficiencies, which in turn strengthen urban resilience. This novel
approach highlights a need for a holistic perspective to be considered by
urban planners and policy makers when working on urban governance
strategies. By embracing this theme of interconnectivity, our research
underscores that a holistic approach—one that integrates technological
innovation, social engagement, and policy frameworks—will enable
cities to fully leverage the potential of DTT. This will be key to pro-
moting sustainable, inclusive, and resilient urban environments in
alignment with SDG 11.

6. Conclusion

This study demonstrates the significant potential of DTT in
advancing the objectives of SDG 11 in NZ. DTT has shown to be playing a
vital role in creating sustainable, resilient, and inclusive cities by
enhancing data driven decision making and fostering citizen engage-
ment. The examination of use cases in Wellington and Auckland, high-
lights how these technologies are contributing towards SDG 11.2
(sustainable transport) and SDG 11.3 (inclusive urbanization).

Table 4
Key studies on DTT and current study overview (2021-2024).
Year Study Focus area Methodology Key findings Contributions
2021 Hamalainen Urban Planning (Helsinki) Case Study, Real-time Monitoring Improved urban planning via real- Showcased DTT’s role in optimizing
time monitoring infrastructure
2022  Sepasgozar Real-time Monitoring and Empirical Study, Simulations Optimized city systems through real- Emphasized DTT’s role in dynamic
Simulation time monitoring urban management
2023  Ye Community Resilience Thematic Analysis, Interviews Enhanced community resilience with Strengthened social cohesion and
DTT preparedness
2024 Current Impact on SDG 11 in NZ Trend, Network, Keyword, and Inter- Comprehensive analysis of DTT in NZ Highlighted DTT’s potential in urban
Study relationship Analysis sustainability

11
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Challenges such as data integration and stakeholder collaboration
remain and requires knowledge-sharing frameworks and enhanced
partnerships between government, industry, and communities to
explore the full potential of DTT. Such collaborative efforts are required
to scale DTT solutions across cities and aligning with goals like SDG 11.6
(reducing environmental impact) and SDG 11.B (disaster risk
reduction).

The study also develops an interrelationship between various DTT
applications, benefits, challenges, and implications. Improvements in
data integration, for instance, not only enhance operational efficiency
but also strengthen urban resilience by enabling more informed
decision-making. Similarly, fostering stakeholder collaboration directly
improves citizen engagement and makes governance more inclusive and
participatory. This approach highlights a need for a holistic perspective
to be considered by urban planners and policy makers when working on
urban governance strategies, where progress in one area positively in-
fluences other dimensions of urban sustainability.

While the current research highlights key SDG 11 targets, several
critical areas like SDG 11.1 (affordable and safe housing) and SDG 11.7
(access to green public spaces) remain underexplored in both the liter-
ature and DTT implementation in NZ. These areas would require further
attention to ensure a balanced approach to achieving all SDG 11 goals
and promoting comprehensive urban sustainability.

As to further research direction, this paper proposes continuing the
critical review and exploration of DTT’s potential in NZ’s metropolitan
contexts, with greater consideration given to regional and cultural dif-
ferences. The social and economic implications of DTT particularly
regarding equity, economic growth and community wellbeing should be
further reviewed and empirically analysed. Additionally, there is a need
to examine regulatory frameworks, business models and governance
systems to comprehend practical and scalable application of DTT in
urban contexts in NZ.

CRediT authorship contribution statement

Urva Rajnikant Patel: Writing — review & editing, Writing — original
draft, Visualization, Validation, Resources, Project administration,
Methodology, Investigation, Formal analysis, Data curation, Conceptu-
alization. Amirhosein Ghaffarianhoseini: Writing — review & editing,
Writing — original draft, Validation, Supervision, Resources, Project
administration, Methodology, Investigation, Formal analysis, Data
curation. Ali Ghaffarianhoseini: Writing — review & editing, Writing —
original draft, Validation, Supervision, Resources, Project administra-
tion, Methodology, Investigation, Formal analysis, Data curation.
Andrew Burgess: Writing — review & editing, Writing — original draft,
Validation, Supervision, Resources, Project administration, Methodol-
ogy, Investigation, Formal analysis, Data curation.

Funding

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

All authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

Data will be made available on request.

12

Cities 155 (2024) 105484
References

Abdeen, F. N., & Sepasgozar, S. M. E. (2022). City digital twin concepts: A vision for
community participation. Environmental Sciences Proceedings, 12(1), 19.

Agostinelli, S., Cumo, F., Guidi, G., & Tomazzoli, C. (2021). Cyber-physical systems
improving building energy management: Digital twin and artificial intelligence.
Energies, 14(8), 2338.

Ahuja, A., & RCDD, L. B. D. (2016). Integration of nature and technology for smart cities.
Springer.

Allam, Z., Bibri, S. E., Jones, D. S., Chabaud, D., & Moreno, C. (2022). Unpacking the ‘15-
minute city’ via 6G, IoT, and digital twins: Towards a new narrative for increasing
urban efficiency, resilience, and sustainability. Sensors, 22(4), 1369.

Al-Sehrawy, R., Kumar, B., & Watson, R. (2021). A digital twin uses classification system
for urban planning & city infrastructure management. Journal of Information
Technology in Construction, 26, 362-832.

Aotearoa New Zealand Digital Twins Initiative | ORUA. (n.d.). Retrieved February 15,
2024, from https://orua.auckland.ac.nz/project/aotearoa-new-zealand-digital-twin
s-initiative/.

Argota Sanchez-Vaquerizo, J. (2022). Getting real: The challenge of building and
validating a large-scale digital twin of Barcelona’s traffic with empirical data. ISPRS
International Journal of Geo-Information, 11(1), 24.

Attaran, M., & Celik, B. G. (2023). Digital twin: Benefits, use cases, challenges, and
opportunities. Decision Analytics Journal, 100165.

Auckland Digital Twin Pilot Project: Enhancing Efficiency and Citizen Engagement - Committee
for Auckland. (n.d.). Retrieved February 15, 2024, from https://committeeforaucklan
d.co.nz/auckland-digital-twin-pilot-project-enhancing-efficiency-and-citizen-engage
ment/.

Barresi, A. (2023). Urban Digital Twin and urban planning for sustainable cities.
TECHNE-Journal of Technology for Architecture and Environment, 25, 78-83.

Batty, M. (2013). Big data, smart cities and city planning. Dialogues in Human Geography,
3(3), 274-279.

Berglund, E. Z., Shafiee, M. E., Xing, L., & Wen, J. (2023). Digital twins for water
distribution systems. Journal of Water Resources Planning and Management, 149(3),
Article 02523001.

Bloomberg Cities. (n.d.). Wellington, New Zealand | Bloomberg Cities. Retrieved
February 13, 2024, from https://bloombergcities.jhu.edu/mayors-challenge/2022/
wellington-new-zealand.

Botin-Sanabria, D. M., Mihaita, A.-S., Peimbert-Garcia, R. E., Ramirez-Moreno, M. A.,
Ramirez-Mendoza, R. A., & Lozoya-Santos, J.d. J. (2022). Digital twin technology
challenges and applications: A comprehensive review. Remote Sensing, 14(6), 1335.

Buildmedia. (n.d.). Wellington Digital Twin | Buildmedia. Buildmedia. Retrieved February
13, 2024, from https://buildmedia.com/work/wellington-digital-twin.

Callcut, M., Cerceau Agliozzo, J.-P., Varga, L., & McMillan, L. (2021). Digital twins in
civil infrastructure systems. Sustainability, 13(20), 11549.

Caprari, G., Castelli, G., Montuori, M., Camardelli, M., & Malvezzi, R. (2022). Digital
twin for urban planning in the green deal era: A state of the art and future
perspectives. Sustainability, 14(10), 6263.

Castelli, G., Cesta, A., Diez, M., Padula, M., Ravazzani, P., Rinaldi, G., ... Tognola, G.
(2019). Urban intelligence: A modular, fully integrated, and evolving model for
cities digital twinning. In 2019 IEEE 16th international conference on smart cities:
Improving quality of life using ICT & IoT and AI (HONET-ICT) (pp. 33-37).

Cimino, C., Negri, E., & Fumagalli, L. (2019). Review of digital twin applications in
manufacturing. Computers in Industry, 113, Article 103130.

Clement, J., Ruysschaert, B., & Crutzen, N. (2023). Smart city strategies-A driver for the
localization of the sustainable development goals? Ecological Economics, 213, Article
107941.

Creating a country-wide digital twin | WSP. (n.d.). Retrieved February 15, 2024, from htt
ps://www.wsp.com/en-nz/insights/creating-a-country-wide-digital-twin.

Dembski, F., Yamu, C., & Wossner, U. (2019). Digital twin, virtual reality and space
syntax: Civic engagement and decision support for smart, sustainable cities. In
Proceedings of the 12th international space syntax symposium (pp. 311-316).

Digital Twin Partnership NZ launches to support sustainable growth across New Zealand. (n.
d.). Retrieved February 15, 2024, from https://www.digitaltwinpartnership.com/p
ost/digital-twin-partnership-nz-launches-to-support-sustainable-growth-across-new
-zealand.

Elsehrawy, R., Kumar, B., & Watson, R. (2021). A digital twin uses classification system
for urban planning & city infrastructure management. Journal of Information
Technology in Construction, 26, 832-862.

Erol, T., Mendi, A. F., & Dogan, D. (2020). Digital transformation revolution with digital
twin technology. In 2020 4th international symposium on multidisciplinary studies and
innovative technologies (ISMSIT) (pp. 1-7).

Ferré-Bigorra, J., Casals, M., & Gangolells, M. (2022). The adoption of urban digital
twins. Cities, 131, Article 103905.

Flood Resilience Digital Twin Final project report to FrontierSI (project number 3007).(2023).

Ford, D. N., & Wolf, C. M. (2020). Smart cities with digital twin systems for disaster
management. Journal of Management in Engineering, 36(4), Article 04020027.

Galar, D., & Kumar, U. (2024). Digital twins: definition, implementation and
applications. In Advances in Risk-Informed Technologies: Keynote Volume (pp. 79-106).
ICRESH.

Gao, Y., Qian, S, Li, Z., Wang, P., Wang, F., & He, Q. (2021). Digital twin and its
application in transportation infrastructure. In 2021 IEEE 1st international conference
on digital twins and parallel intelligence (DTPI) (pp. 298-301).

Gartner. (2019). Gartner survey reveals digital twins are entering mainstream use.

Gourisetti, S. N. G., Bhadra, S., Sebastian-Cardenas, D. J., Touhiduzzaman, M., &
Ahmed, O. (2023). A theoretical open architecture framework and technology stack
for digital twins in energy sector applications. Energies, 16(13), 4853.


http://refhub.elsevier.com/S0264-2751(24)00698-X/rf3005
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf3005
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0005
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0005
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0005
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0010
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0010
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0015
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0015
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0015
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0020
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0020
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0020
https://orua.auckland.ac.nz/project/aotearoa-new-zealand-digital-twins-initiative/
https://orua.auckland.ac.nz/project/aotearoa-new-zealand-digital-twins-initiative/
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0025
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0025
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0025
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0030
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0030
https://committeeforauckland.co.nz/auckland-digital-twin-pilot-project-enhancing-efficiency-and-citizen-engagement/
https://committeeforauckland.co.nz/auckland-digital-twin-pilot-project-enhancing-efficiency-and-citizen-engagement/
https://committeeforauckland.co.nz/auckland-digital-twin-pilot-project-enhancing-efficiency-and-citizen-engagement/
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0035
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0035
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0040
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0040
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0045
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0045
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0045
https://bloombergcities.jhu.edu/mayors-challenge/2022/wellington-new-zealand
https://bloombergcities.jhu.edu/mayors-challenge/2022/wellington-new-zealand
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0050
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0050
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0050
https://buildmedia.com/work/wellington-digital-twin
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0055
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0055
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0060
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0060
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0060
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0065
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0065
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0065
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0065
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0070
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0070
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0075
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0075
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0075
https://www.wsp.com/en-nz/insights/creating-a-country-wide-digital-twin
https://www.wsp.com/en-nz/insights/creating-a-country-wide-digital-twin
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0085
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0085
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0085
https://www.digitaltwinpartnership.com/post/digital-twin-partnership-nz-launches-to-support-sustainable-growth-across-new-zealand
https://www.digitaltwinpartnership.com/post/digital-twin-partnership-nz-launches-to-support-sustainable-growth-across-new-zealand
https://www.digitaltwinpartnership.com/post/digital-twin-partnership-nz-launches-to-support-sustainable-growth-across-new-zealand
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0090
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0090
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0090
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0095
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0095
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0095
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0100
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0100
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0105
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0110
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0110
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf2110
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf2110
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf2110
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0115
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0115
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0115
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0120
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0125
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0125
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0125

U.R. Patel et al.

Grieves, M., & Vickers, J. (2017). Digital Twin: Mitigating Unpredictable, Undesirable
Emergent Behavior in Complex Systems. In J. Kahlen, S. Flumerfelt, & A. Alves
(Eds.), Transdisciplinary Perspectives on Complex Systems. Cham: Springer. https://doi.
org/10.1007/978-3-319-38756-7_4.

Griibel, J., Thrash, T., Aguilar, L., Gath-Morad, M., Chatain, J., Sumner, R. W., ...
Schinazi, V. R. (2022). The hitchhiker’s guide to fused twins: A review of access to
digital twins in situ in smart cities. Remote Sensing, 14(13), 3095.

Héamaldinen, M. (2020). Smart city development with digital twin technology. In 33rd
Bled EConference-Enabling Technology for a Sustainable Society: June 28-29, 2020,
Online Conference Proceedings.

Hassani, H., Huang, X., & MacFeely, S. (2022). Enabling digital twins to support the UN
SDGs. Big Data and Cognitive Computing, 6(4), 115.

Holler, M., Uebernickel, F., & Brenner, W. (2016). Digital twin concepts in
manufacturing industries-a literature review and avenues for further research. In
Proceedings of the 18th international conference on industrial engineering (IJIE) (pp.
1-9).

Insights, D. (2020). Digital twins: Bridging the physical and digital. Tech Trends.

Ismagiloiva, E., Hughes, L., Rana, N., & Dwivedi, Y. (2019). Role of smart cities in
creating sustainable cities and communities: A systematic literature review. In ICT
unbounded, social impact of bright ICT adoption: IFIP WG 8.6 international conference on
transfer and diffusion of IT, TDIT 2019, Accra, Ghana, June 21-22, 2019, proceedings
(pp. 311-324).

Jouan, P., & Hallot, P. (2020). Digital twin: Research framework to support preventive
conservation policies. ISPRS International Journal of Geo-Information, 9(4), 228.
Ketzler, B., Naserentin, V., Latino, F., Zangelidis, C., Thuvander, L., & Logg, A. (2020).

Digital twins for cities: A state of the art review. Built Environment, 46(4), 547-573.

Korenhof, P., Blok, V., & Kloppenburg, S. (2021). Steering representations—Towards a
critical understanding of digital twins. Philosophy and Technology, 34, 1751-1773.

Lampropoulos, G., & Siakas, K. (2023). Enhancing and securing cyber-physical systems
and Industry 4.0 through digital twins: A critical review. Journal of Software:
Evolution and Process, 35(7), Article e2494.

Lombardi, P., Giordano, S., Farouh, H., & Yousef, W. (2012). Modelling the smart city
performance. Innovation: The European Journal of Social Science Research, 25(2),
137-149.

Lu, Q., Parlikad, A. K., Woodall, P., Don Ranasinghe, G., Xie, X., Liang, Z., ...
Schooling, J. (2020). Developing a digital twin at building and city levels: Case study
of West Cambridge campus. Journal of Management in Engineering, 36(3), Article
05020004.

Ly, Y., Liu, C., Kevin, L., Wang, K., Huang, H., & Xu, X. (2020). Digital Twin-driven smart
manufacturing: Connotation, reference model, applications and research issues.
Robotics and Computer-Integrated Manufacturing, 61, Article 101837.

Madni, A. M., Madni, C. C., & Lucero, S. D. (2019). Leveraging digital twin technology in
model-based systems engineering. Systems, 7(1), 7.

Marra, A., Gerbino, S., Greco, A., & Fabbrocino, G. (2021). Combining integrated
informative system and historical digital twin for maintenance and preservation of
artistic assets. Sensors, 21(17), 5956.

Mauree, D., Naboni, E., Coccolo, S., Perera, A. T. D., Nik, V. M., & Scartezzini, J.-L.
(2019). A review of assessment methods for the urban environment and its energy
sustainability to guarantee climate adaptation of future cities. Renewable and
Sustainable Energy Reviews, 112, 733-746.

Menaguale, O. (2023). Digital Twin and cultural heritage-The future of society built on
history and art. In The Digital Twin (pp. 1081-1111). Springer.

Ministry for the Environment. (n.d.). Wellington and how it might look in the future is
helping adaptation planning | Ministry for the Environment. Retrieved February 13,
2024, from https://environment.govt.nz/what-you-can-do/stories/wellingtons-digi
tal-twin/.

Mohammadi, N., & Taylor, J. E. (2017). Smart city digital twins. IEEE Symposium Series
on Computational Intelligence (SSCI), 2017, 1-5.

Najafi, P., Mohammadi, M., van Wesemael, P., & Le Blanc, P. M. (2023). A user-centred
virtual city information model for inclusive community design: State-of-art. Cities,
134, Article 104203.

Negri, E., Fumagalli, L., & Macchi, M. (2017). A review of the roles of digital twin in CPS-
based production systems. Procedia Manufacturing, 11, 939-948.

Nochta, T., Badstuber, N., & Wahby, N. (2019). On the governance of city digital twins-
Insights from the Cambridge case study.

Omrany, H., Al-Obaidi, K. M., Husain, A., & Ghaffarianhoseini, A. (2023). Digital twins in
the construction industry: A comprehensive review of current implementations,
enabling technologies, and future directions. Sustainability, 15(14), 10908.

Opoku, D.-G. J., Perera, S., Osei-Kyei, R., & Rashidi, M. (2021). Digital twin application
in the construction industry: A literature review. Journal of Building Engineering, 40,
Article 102726.

Phanden, R. K., Sharma, P., & Dubey, A. (2021). A review on simulation in digital twin
for aerospace, manufacturing and robotics. Materials Today Proceedings, 38,
174-178.

Porter, M. E., & Heppelmann, J. E. (2015). How smart, connected products are
transforming companies. Harvard Business Review, 93(10), 96-114.

Qi, Q., Tao, F., Hu, T., Anwer, N., Liu, A., Wei, Y., ... Nee, A. Y. C. (2021). Enabling
technologies and tools for digital twin. Journal of Manufacturing Systems, 58, 3-21.

13

Cities 155 (2024) 105484

Qian, Y., Leng, J., Zhou, K., & Liu, Y. (2024). How to measure and control indoor air
quality based on intelligent digital twin platforms: A case study in China. Building
and Environment, 111349.

Qiuchen Lu, V., Parlikad, A. K., Woodall, P., Ranasinghe, G. D., & Heaton, J. (2019).
Developing a dynamic digital twin at a building level: Using Cambridge campus as
case study. In International conference on smart infrastructure and construction 2019
(ICSIC) driving data-informed decision-making (pp. 67-75).

Ramaswamy, R., & Madakam, S. (2013). The state of art: Smart cities in India: A
literature review report. International Journal of Innovative Research and Development,
II, 12, 115-119.

Ramu, S. P., Boopalan, P., Pham, Q.-V., Maddikunta, P. K. R., Huynh-The, T., Alazab, M.,
... Gadekallu, T. R. (2022). Federated learning enabled digital twins for smart cities:
Concepts, recent advances, and future directions. Sustainable Cities and Society, 79,
Article 103663.

Rautaki, T., Mo Aotearoa, M., Dr, H., & Clark, D. (2022). Enabling Aotearoa New Zealand’s
people, communities, economy, and environment to flourish and prosper in the digital era.

Reid, J. B., & Rhodes, D. H. (2016). Digital system models: An investigation of the non-
technical challenges and research needs. In Conference on Systems Engineering
Research.

Riaz, K., McAfee, M., & Gharbia, S. S. (2023). Management of climate resilience:
Exploring the potential of digital twin technology, 3D city modelling, and early
warning systems. Sensors, 23(5), 2659.

Sanchez, & Torres, L. R. (2021). Barcelona’s citizen-centric approach to smart city
development. Journal of Smart City Technologies, 8, 21-43.

Shah, & Lim, T. N. (2020). Utilizing digital twins for urban governance: Virtual
Singapore. Journal of Civic Governance, 14, 67-89.

Shahat, E., Hyun, C. T., & Yeom, C. (2021). City digital twin potentials: A review and
research agenda. Sustainability, 13(6), 3386.

Singh, M., Srivastava, R., Fuenmayor, E., Kuts, V., Qiao, Y., Murray, N., & Devine, D.
(2022). Applications of digital twin across industries: A review. Applied Sciences, 12
(11), 5727.

Teng, S. Y., Tous, M., Leong, W. D., How, B. S., Lam, H. L., & Masa, V. (2021). Recent
advances on industrial data-driven energy savings: Digital twins and infrastructures.
Renewable and Sustainable Energy Reviews, 135, Article 110208.

Topping, D., Bannan, T. J., Coe, H., Evans, J., Jay, C., Murabito, E., & Robinson, N.
(2021). Digital twins of urban air quality: Opportunities and challenges. Frontiers in
Sustainable Cities, 3, Article 786563.

Towards a National Digital Twin — enabling productivity gains for New Zealand - Infrastructure
New Zealand. (n.d.). Retrieved February 15, 2024, from https://infrastructure.org.
nz/towards-a-national-digital-twin-enabling-productivity-gains-for-new-zealand/.

Tuhaise, V. V., Tah, J. H. M., & Abanda, F. H. (2023). Technologies for digital twin
applications in construction. Automation in Construction, 152, Article 104931.

Viitanen, J., & Kingston, R. (2014). Smart cities and green growth: Outsourcing
democratic and environmental resilience to the global technology sector.
Environment and Planning A, 46(4), 803-819.

Wagner, C., Grothoff, J., Epple, U., Drath, R., Malakuti, S., Griiner, S., ... Zimermann, P.
(2017). The role of the Industry 4.0 asset administration shell and the digital twin
during the life cycle of a plant. In 2017 22nd IEEE international conference on emerging
technologies and factory automation (ETFA) (pp. 1-8).

Weil, C., Bibri, S. E., Longchamp, R., Golay, F., & Alahi, A. (2023). A systemic review of
urban digital twin challenges, and perspectives for sustainable smart cities.
Sustainable Cities and Society, 104862.

White, G., Zink, A., Codeca, L., & Clarke, S. (2021). A digital twin smart city for citizen
feedback. Cities, 110, Article 103064.

Wilson, E., & Piper, J. (2010). Spatial planning and climate change. Routledge.

World Economic Forum. (2022). Digital twin cities: Framework and global practices. http
s://www.weforum.org/reports/digital-twin-cities-framework-and-global-practices/.

Wu, Y., Zhang, K., & Zhang, Y. (2021). Digital twin networks: A survey. IEEE Internet of
Things Journal, 8(18), 13789-13804.

Xiong, M., & Wang, H. (2022). Digital twin applications in aviation industry: A review.
The International Journal of Advanced Manufacturing Technology, 121(9), 5677-5692.

Ye, X., Du, J., Han, Y., Newman, G., Retchless, D., Zou, L., Ham, Y., & Cai, Z. (2023).
Developing human-centered urban digital twins for community infrastructure
resilience: A research agenda. Journal of Planning Literature, 38(2), 187-199.

Ying, Y., Koeva, M., Kuffer, M., & Zevenbergen, J. (2022). Toward 3D property
valuation—A review of urban 3D modelling methods for digital twin creation. ISPRS
International Journal of Geo-Information, 12(1), 2.

Yu, W., Patros, P., Young, B., Klinac, E., & Walmsley, T. G. (2022). Energy digital twin
technology for industrial energy management: Classification, challenges and future.
Renewable and Sustainable Energy Reviews, 161, Article 112407.

Zhang, J., Zhao, L., Ren, G., Li, H., & Li, X. (2020). Special Issue “Digital Twin
Technology in the AEC Industry.” Advances in Civil Engineering, 2020, 1-18.

Zhang, X., Zhi, Y., Xu, J., & Han, L. (2022). Digital protection and utilization of
architectural heritage using knowledge visualization. Buildings, 12(10), 1604.

Zheng, Y., Yang, S., & Cheng, H. (2019). An application framework of digital twin and its
case study. Journal of Ambient Intelligence and Humanized Computing, 10, 1141-1153.


https://doi.org/10.1007/978-3-319-38756-7_4
https://doi.org/10.1007/978-3-319-38756-7_4
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0130
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0130
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0130
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0135
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0135
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0135
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0140
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0140
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0145
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0145
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0145
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0145
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0150
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0155
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0155
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0155
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0155
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0155
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0160
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0160
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0165
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0165
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0170
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0170
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0175
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0175
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0175
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0180
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0180
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0180
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0185
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0185
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0185
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0185
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0190
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0190
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0190
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0200
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0200
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0205
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0205
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0205
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0210
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0210
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0210
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0210
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0215
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0215
https://environment.govt.nz/what-you-can-do/stories/wellingtons-digital-twin/
https://environment.govt.nz/what-you-can-do/stories/wellingtons-digital-twin/
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0220
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0220
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0225
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0225
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0225
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0230
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0230
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0235
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0235
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0240
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0240
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0240
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0245
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0245
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0245
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0250
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0250
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0250
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0255
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0255
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0260
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0260
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0265
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0265
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0265
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0270
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0270
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0270
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0270
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0275
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0275
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0275
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0280
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0280
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0280
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0280
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf2275
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf2275
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0285
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0285
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0285
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0290
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0290
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0290
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0295
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0295
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0305
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0305
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0310
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0310
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0315
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0315
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0315
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0320
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0320
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0320
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0325
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0325
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0325
https://infrastructure.org.nz/towards-a-national-digital-twin-enabling-productivity-gains-for-new-zealand/
https://infrastructure.org.nz/towards-a-national-digital-twin-enabling-productivity-gains-for-new-zealand/
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0330
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0330
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0340
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0340
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0340
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0345
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0345
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0345
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0345
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0350
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0350
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0350
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0355
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0355
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0360
https://www.weforum.org/reports/digital-twin-cities-framework-and-global-practices/
https://www.weforum.org/reports/digital-twin-cities-framework-and-global-practices/
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0370
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0370
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0375
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0375
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0380
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0380
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0380
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0385
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0385
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0385
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0390
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0390
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0390
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0395
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0395
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0400
http://refhub.elsevier.com/S0264-2751(24)00698-X/rf0400

	Digital Twin Technology for sustainable urban development: A review of its potential impact on SDG 11 in New Zealand
	1 Introduction
	2 Literature review
	2.1 Digital Twin Technology: conceptual foundations and global progress
	2.2 Advancing SDG 11 with Digital Twin Technology
	2.3 The New Zealand context: gaps and opportunities

	3 Methodology
	3.1 Research design
	3.2 Data collection
	3.2.1 NZ-specific trend analysis
	3.2.2 Keyword analysis
	3.2.3 Interrelationship mapping

	3.3 Data analysis
	3.3.1 Trend analysis
	3.3.2 Keyword frequency and thematic analysis
	3.3.3 Interrelationship analysis


	4 Data analysis and key findings
	4.1 Interest over time
	4.2 Keyword analysis
	4.3 Applications of DT technology
	4.4 Benefits of Digital Twin Technology
	4.5 Challenges of DT technology
	4.6 Implications for advancing SDG 11
	4.7 Interconnections between key themes

	5 Discussion of results
	5.1 Expanding on previous research
	5.2 Highlighting underexplored SDG 11 goals
	5.3 Addressing challenges
	5.4 Interlinking DTT themes

	6 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	datalink6
	References


