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The rapid increase in world population in the 21st century, with associated transport and environmental
problems, has encouraged the development of urban underground spaces as an optimal solution in many oc-
casions, including urban renewal schemes. This paper reviews literature on the utilisation of urban underground
space for urban renewal to provide a better understanding of how urban underground space can contribute to

urban renewal, and of challenges and successes in achieving the goals. The paper concludes that urban under-
ground space present new development opportunities (e.g. land/space supply, less traffic congestion, compact
city development, and urban sustainable development) in regeneration of existing urban land. Urban under-
ground spaces, as valuable resources and efficient and effective tools for urban renewal, should be considered by
decision-makers for transforming existing urban areas, stimulating vibrant and denser development and mixed

land use.

1. Introduction

Many cities in the world are confronted with rapid population
growth, resulting in greater concentration of population in urban areas.
This has allowed the development of urban underground space (UUS) as
an appealing approach to solving transport, environmental and land use
problems that occur during the urban development process. Urban un-
derground space has been developed in various forms in many cities
around the globe. Some well-known large-scale underground space
utilisation examples include London’s and Shanghai’s subway systems,
underground pedestrian systems in Montreal and Toronto, urban un-
derground expressways in Paris and Madrid, and Tokyo’s underground
shopping complexes. Urban underground space utilisation has contrib-
uted to solving the problems of modern cities (Broere, 2016) and
significantly impacted on urban development and planning (Cui et al.,
2013, 2015). Urban underground space promotes a healthier urban
system, by improving the resilience of cities (Sterling and Nelson, 2013),
building liveable cities (Hunt et al., 2016), and promoting sustainable
urban development (Bobylev, 2009; Sterling et al., 2012; Hunt et al.,
2014; Cui and Lin, 2016).

Urban renewal is an important concept in urban development and
planning. Urban renewal refers to “a set of plans and activities to up-
grade neighbourhoods and suburbs that are in state of distress or decay.

* Corresponding author.

Urban renewal programs address the physical aspects of urban decay.
Urban problems such as deteriorating housing, poor physical infra-
structure (including water and sanitation services), and poor community
services such as sports and recreational amenities are addressed through
such programs” (Richards, 2014, p. 294). In some countries, terms that
cover similar concepts to urban renewal include urban regeneration,
urban revitalisation, urban redevelopment, and urban rehabilitation.
For example, In the United Kingdom (UK), urban renewal is often called
urban regeneration, and in the United States (US), the term often used is
urban redevelopment. Urban renewal has been considered an effective
tool for solving land shortages, optimising urban spatial layout and
functional positioning (Liu et al., 2019), combating environmental
degradation, increasing land values (Adams and Hastings, 2001), and
promoting desirable physical and socio-economic transformation (Ked-
die and Tonkiss, 2010). Urban renewal has become an important urban
development policy (e.g. for urban sustainable development) in many
countries and regions (Zheng et al., 2014).

Urban renewal brings changes in the use of urban land and buildings,
which lead to changes in where, how and under what conditions people
live, work, and enjoy entertainment. This brings opportunities and
challenges; for some people these changes result in improvements in
living conditions, while for others the opposite occurs (Couch, 1990).
Urban renewal was believed to be the restoration of the original
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functions that had been damaged or lost. A US study based on urban
planning reports and proposals found that urban renewal projects were
expected to achieve new development while preserving old physical and
historical values. Urban renewal had been characterised as strength-
ening the central city, enhancing human interaction, and valuing nature
and neighbourhood (Jeong et al., 2010). The characteristics and di-
lemmas of urban renewal highlight the significance of UUS use. UUS
provide an opportunity to restore the natural landscape and ecology.
Therefore, UUS developments are sometimes called “green roofs”.
Developing below ground is also a significant approach in protecting
cultural and historical values above ground (Carmody and Sterling,
1993; Cui et al., 2019; Goel et al., 2012; Kishii, 2016; Ronka et al., 1998;
Sterling et al., 2012). New underground developments accommodate
additional urban functions to reinforce the central city without the loss
of the physical and historical values of existing land and buildings.

Urban renewal is not a new concept. Comparatively, the inherent
merits of underground spaces for urban renewal have been more
recently realised, and underground development has been used in many
cities to achieve urban renewal goals. Given the rapid development of
UUS for urban renewal in the world, and the escalation of research in
this field, a review of existing research in the field is necessary. The
purpose of this review is to map out and describe UUS utilisation for
urban renewal, and to understand the nature and significance of utilising
underground space in urban renewal. The review provides researchers
and practitioners with up-to-date understanding of the rationale for and
forms of UUS utilisation, and key messages for the challenges and suc-
cess of its use for urban renewal throughout the world. The research
aims to answer the following questions:

e How can UUS utilisation contribute to urban renewal?

o What forms of UUS utilisation have been documented as contributing
to urban renewal?

e What are the challenges of UUS utilisation for urban renewal?

e What are the key messages for the successful utilisation of UUS for
urban renewal?

The rest of the paper is structured as follows: first, we describe the
research methodology and review methods in the Methodology section;
then we discuss the research findings in the following sections; finally,
we summarise key research findings and suggest future research di-
rections in the Conclusion.

2. Methodology

This paper reviews articles derived from searches of major databases
including Scopus, Web of Science Core Collection, and Google Scholar,
ensuring high quality and inclusiveness of search results. These data-
bases index literature, including journals, books and conference pro-
ceedings in multiple disciplines, e.g. engineering, science, social
sciences, medicine, and arts and humanities. Search terms were identi-
fied from existing literature, and through the expertise of the research
team. To ensure the inclusiveness of the search results, the search terms
included “underground space” and terms that have similar concepts,
including “sub-surface” and “subterranean space”; and “urban renewal”
and terms that have similar concepts, including “urban regeneration”,
“urban revitalisation”, “urban redevelopment”, and “urban rehabilita-
tion”. We conducted a keyword search of titles and abstracts in the da-
tabases, with no limitation on publication year. Since the purpose of this
review is to map out and describe UUS utilisation for urban renewal, the
selection of the articles focuses on empirical studies that can provide
original evidence about the research topic. Literature review papers that
normally do not provide empirical evidence were excluded from this
review. In the screening process of the search results, we conducted
title/abstract screening, followed by full-text screening. Studies were
excluded on the basis of the following criteria: they did not discuss one
or more forms of underground space utilisation; they did not discuss
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underground space utilisation for urban renewal; or they did not provide
empirical evidence about the research object. Only English articles were
selected. We focused on the planning and design of UUS utilisation from
the perspective of urban studies. Articles were cited according to the
relevance and value of the articles to the research questions. A summary
of the literature reviewed is shown in Table 1. Studies were conducted in
both developed and developing countries. This review presents research
findings for many countries, particularly Brazil, China, Canada, Greece,
Italy, Japan, Korea, the Netherlands, Spain, US, and UK (see Table 1).
The framework of the review is shown in Fig. 1. The following sections
discuss findings from the review to answer the research questions of this
paper.

3. How underground space utilisation can contribute to urban
renewal

3.1. Coping with urban development and associated problems

Existing literature has highlighted the role of UUS utilisation in
coping with urban development and associated problems. Nowadays,
many cities have significantly expanded, with rapid growth of urban
population, and both concentration and extension of urban functions.
Excessive expansion of urban spaces has caused various problems with
regard to transport, environment and culture, resulting in reduced
quality of life (Han et al., 2012; Tajima, 2003; Tong, 2007; Zhao et al.,
2016). In order to promote efficient use of urban functions and improve
living environments, urban renewal and regeneration projects have been
undertaken. In urban regeneration, horizontal expansion of urban
spaces has limitations in accommodating the expansion of urban func-
tions in a sustainable way. Therefore, it was suggested to integrate UUS,
since UUS provide opportunities for environment-friendly urban
regeneration (Han et al., 2012). In cities where widespread urban
expansion has caused the destruction of much farmland, to control
urban overspread and build more compact, liveable and prosperous
cities, urban revitalisation and redevelopment have utilised UUS to
accommodate urban functions (Li and Pei, 2009). In cities like Montreal,
pedestrian-vehicle conflicts in the city centre, high population density
and willingness to develop a compact city meant that underground
development became a comprehensive solution to accommodate trans-
portation, commerce, service and other functions in urban development,
improving the quality of urban life without necessarily expanding the
urban area beyond the city’s borders (Durmisevic, 1999).

3.2. More efficient use of resources

UUS contributes to more efficient use of resources e.g. land, space
and energy. High land prices have promoted increasing concentration of
urban functions and intensive use of urban spaces (e.g. in the form of
high-rise buildings). Unfortunately, this has not necessarily offered cit-
izens pleasant urban environments. The use of UUS has the potential to
improve urban functioning and urban environments by creating modern
urban spaces with multiple levels. Creating living spaces on the surface
that are full of bright light and green areas offers residents peaceful and
comfortable experiences while taking advantage of basements in high-
rise buildings to accommodate urban functions (Nishida and
Uchiyama, 1993). For example, underground transport infrastructure (e.
g. underground roads) can effectively reduce transport congestion in
existing road networks above ground, providing opportunities to
reclaim valuable surface space and resulting in urban revitalisation and
regeneration (Benardos et al., 2013). In Boston’s case, the Central Ar-
tery/Tunnel project (alternatively called the Big Dig) established
transport infrastructure to support the expansion of the city centre into
the semi-abandoned seaport district, while reducing vehicle traffic on
the street for better pedestrian amenity and an improved environment
(Salvucci, 2003). Although renovation and expansion of the urban road
network was the primary aim of the Central Artery/Tunnel project, the
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Table 1
Literature on underground space utilisation for urban renewal.

Reference

City, Country

Form of underground space utilisation

Area/project

Goals of using underground utilisation in
urban renewal

Benardos et al.,
2013

Bi and Liu, 2013

Bushouse, 2002

Church, 1990

Demers, 2016

Durmisevic, 1999

van den Ende and
van Marrewijk,
2019

Han et al., 2012

He et al., 2016

Jia and Fang, 2016

Lee et al., 2013

Li and Pei, 2009

Little, 2018

Ma and Peng, 2018

Masuda et al., 2004

Nishida and
Uchiyama, 1993

Qiao and Peng, 2016

Qiao et al., 2019

Russo et al., 2017
Salvucci, 2003
Sassano et al., 2017

Shang, 2016

Shi et al., 2017

Sung, 2014
Tajima, 2003

Terranova, 2009
Tong, 2007

Valdenebro and
Gimena, 2018;
Valdenebro et al.,
2019

Athens, Greece
Lanzhou, China
Boston, US

London, UK

Montreal, Canada

Montreal, Canada;
Randstad, the
Netherlands
Amsterdam, the
Netherlands
Seoul, Korea
Hong Kong, China
Lanzhou, Ningbo
and Chongging,
China

Seoul, Korea

Qingdao, China

New Haven, US
Qingdao, China

Tokyo, Japan

Tokyo, Japan
Luoyang, China

Shanghai, China

Naples, Italy
Boston, US
Basilicata, Italy

Beijing, China

Montreal, Canada

Tokyo, Japan
Boston, US

Dallas, US
Beijing, China

Pamplona, Spain

Underground Road
Underground Commercial Space
Underground Expressway

Metro

Underground Pedestrian Network

Underground Pedestrian Network;
Underground Metro Station; Underground
Shopping Centre

Metro

Underground Expressway
Underground Pedestrian Network

Underground Transport System

Underground Shopping Centre

Metro; Underground Road; Underground
Parking Space; Underground Public Space;
Underground Commercial Space; Underground
Storage Space

Underground Library

Underground Road

Underground Infrastructure

Underground Parking Space; Underground
Mechanical Room; Underground Storage Room
Underground Parking Space

Underground Transport System

Metro
Underground Expressway

Underground Building; Underground Parking
Space

Underground Residential Space; Underground
Public Space; Metro leading to comprehensive
development of underground space;
Underground Parking Space; Underground
space in open squares and old buildings
Underground Pedestrian Network;
Underground Public Space

Sunken and Underground Street
Underground Expressway

Underground Pedestrian Network
Underground Parking Space; Underground

Shopping Centre; Underground Infrastructure

Urban Utility Tunnel

Heart of Athens
Commercial district of Xiguan Cross
Boston Central Artery/Tunnel

project
London Docklands

Downtown Montreal

Place Ville-Marie and Eaton Centre
in Montreal; Wilhelminaplein and
Beursplein in Randstad
Amsterdam East-line Metro

Seoul

Tsim Sha Tsui

Lanzhou West rail station, Ningbo
rail station, Chongqing West station,
and Lanzhou Zhongchuan airport

transport hubs
COEX Centre

Qingdao

Yale University
Shinan District

Tokyo Bay

Tokyo
Luoyang

Honggiao CBD

Toledo station

Boston Central Artery/Tunnel
project
Cocuzzo neighbourhood

Beijing old city

Place des Arts

Station area of Tokyo

Boston Central Artery/Tunnel
project

Dallas

Zhongguancun West Zone

Historical city centre

Reviving city life

Promoting urban vitality and sustainable
urban development
Improve Boston traffic conditions

Improving local transport system and
congested surrounding area in East
London

Restoring the continuity of Montreal’s
central business district (CBD) via
bridging the historic Old Montreal and the
existing CBD

Preserving the city as a cultural, social
and economic centre that requires more
compact solutions

Establishing opportunities in the city
centre, and enhancing the transport
connections between the city centre and
surrounding suburban areas

Enhancing efficient use of urban functions
and improving living environments
Promoting urban commercial
development

Maximising the social benefit

Being part of mixed-use developments;
improving built environments;
revitalising social life and local culture
Regenerating regional vitality

Meeting demands on the spaces and
collections of academic libraries
Upgrading road infrastructure to improve
traffic condition

Promoting the establishment of efficient
urban systems in normal days and capital
functions in the emergency occasions
Promoting efficient use of urban land;
providing better living environments
Addressing historic resource conservation
and urban redevelopment

Constructing transport facilities that are
complementary to the existing transport
system

Regenerating spaces above underground
stations

Improving Boston traffic conditions

Improving urban spaces

Conserving old city; providing better
living environment

Rehabilitating urban open space

Revitalising decayed central area of city
Improving Boston traffic conditions

Motivating economic renewal

Solving problems in urban development;
developing a large-scale central high-tech
business zone

Protecting the historical and cultural
heritage in urban development that
requires new social and functional needs
to be addressed

(continued on next page)
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Table 1 (continued)

Tunnelling and Underground Space Technology incorporating Trenchless Technology Research 108 (2021) 103726

Reference

City, Country Form of underground space utilisation

Area/project

Goals of using underground utilisation in
urban renewal

Waisman et al.,
2014

Yokotsuka et al.,
2013

Yokotsuka et al.,
2016

Zacharias and He,
2018

Zhao et al., 2016

Sao Paulo, Brazil Underground Parking Space

Tokyo, Japan Underground Pedestrian Network

Tokyo, Japan Underground Energy Network

Hong Kong, China Underground Pedestrian Network

Qingdao, China Underground Transport System; Underground

Commercial and Public Space

Batata Square

Central Tokyo area
Yaesu-Kyobashi-Nihonbashi District

Tsim Sha Tsui area of Kowloon

Qingdao

Redeveloping a significantly deteriorated
area via creating large open spaces and
enhancing the activity centre through
integrating intermodal transport

Shaping Tokyo to be an international
financial city

Achieving a low-carbon society

Attracting people from the underground
system to the surrounding area on the
surface to revitalise local commerce
Solving urban problems and improving
urban space functions to achieve
sustainable development

associated problems

Conserving
old city

Bringing
opportunities
to renew multi-
level spaces

More
efficient use
of resources

Overcoming
obstacles in the
city; improving
accessibility

Coping with urban
development and

Rationale

development of three-

The harmonious

dimensional spaces Challenges

The forms of UUS
utilisation (e.g.
single-function or
multi-function UUS)

The dilemma of
historic resource
conservation and

urban redevelopment

using UUS

A balanced
development of
spaces below ground
and above ground

Underground
space utilisation =
for urban renewal

Existing
approaches

Underground
transport
infrastructure

Undergrou
commerci

Forms

and public use

nd
al

Underground
complexes

Other forms of
underground
space use

Hig
te
and

Impro

of different parties

quality in the whole area
(above ground, on the
ground and below ground)

The divergent interests

involved in the planning
and construction of UUS

h initial investment,
chnical problems,

administrative and
legal difficulties

ving the design

relocation of an elevated highway to below ground led to a significant
improvement in surface conditions and regeneration of the city beyond

Fig. 1. A framework for the review of underground space utilisation for urban renewal.

the strict project boundaries (ITA Working Group - Urban Problems
Underground Solutions, 2012). UUS development also contributes to

more efficient use of energy. In Tokyo, Japan, urban revitalisation
projects in the Yaesu-

Kyobashi-Nihonbashi area were estimated to result

in doubling of the total building floor area and trebling of energy load

and CO, emissions.

stable energy supply to the area, save unused energy, improve the
cityscape by removing equipment from roofs, contribute to disaster

An underground energy network could provide

3.3. 0ld city conservation

Underground space utilisation

prevention, and result in labour saving in facility management and space
saving from machine room reduction (Yokotsuka et al., 2016).

has contributed to old city conserva-

tion in urban renewal projects. In historical cities in the world (e.g.
Beijing and Luoyang in China, Randstad in the Netherlands and Pam-
plona in Spain), the contradiction between development and conserva-

tion is always a challenge. In order to protect historical city centres
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while providing necessary facilities and infrastructure for modern city
development, it is reasonable to develop UUS to relieve development
pressure at the street level (Durmisevic, 1999).

In cities like Beijing, the old city form has created many problems
(such as shortage of residential and public spaces, traffic jams and
parking shortages due to narrow roads, less functional urban space, and
presence of old buildings) that restricted the city’s development. Despite
various approaches to achieving urban renewal in Beijing’s old city,
utilisation of UUS has become a new direction in practice that is believed
to be a unique and effective solution to the contradiction between
development and conservation. More functions can be accommodated in
underground spaces without greatly increasing space use above ground.
The old city of Beijing can be preserved, while the problems mentioned
above can be addressed with minimal impact and change on the ground
spaces, thus meeting the requirements of preserving historical and cul-
tural areas in Beijing’s old city (Shang, 2016). Luoyang, China, has three
UNESCO World Cultural Heritage Sites and 43 sites and monuments that
have been officially protected at the national level in China. Expansion
of the urban areas is restricted by surrounding historical sites. In addi-
tion, vertical development is constrained as urban redevelopment in the
conservation area has to obey height limit requirements. As in many
other historical cities, the traditional urban fabric, which featured nar-
row roads with commercial destinations in the conservation area, as well
as booming tourism and lack of parking spaces, worsened traffic con-
ditions, resulting in severe traffic congestion. Moreover, the city’s
master plan and conservation scheme indicate the need to reduce
development pressure on the conservation area and to focus on devel-
oping new areas. As a result, the infrastructure and living environment
in the old city (the conservation area) lags far behind those of new
districts and areas. The utilisation of UUS in the old city has great po-
tential to contribute to rehabilitation and conservation of historic dis-
tricts by offering additional spaces to accommodate urban functions, e.g.
transport, infrastructure, and parking (Qiao and Peng, 2016).

Like Beijing and Luoyang, the city of Pamplona, Spain, also was
confronted with difficulties in protecting its historical heritage in urban
development that requires new social and functional needs to be
addressed. In Pamplona’s case, underground space utilisation in the
form of urban utility tunnel (UUT) systems emerged as an optimal so-
lution for sustainable renewal of the old city centre (Valdenebro and
Gimena, 2018; Valdenebro et al., 2019). Like other cities in the world, in
the majority of cases, the urban basic service networks (such as water,
electricity, gas, sewerage and telephone) in Pamplona at the end of the
last century were either run through the subsoil or run in a disorderly
manner on the facades of buildings. Problems were caused by this
arrangement. For example, narrow streets prevented the application of
safety regulations with regard to minimum distance between utilities.
When repair or modification of streets is needed, access of vehicles and
people is disrupted. Other problems include coordination impact (the
existence of pipes, ducts and cables of different companies without any
coordination, leading to difficulties in locating them); visual and func-
tional impact (e.g. in the process of selective collection and recycling of
waste); and archaeological impact (archaeological potential in the
subsoil that is required to be protected and may challenge or prevent
new trench development for utilities). Through the utilisation of UUT
systems in the renewal of historical city centres, work with utility net-
works (e.g. maintenance, renewal and expansion) can be conducted
conveniently with less disruption to people’s access to streets and less
visual pollution caused by facade wiring. In this way, people in the
historical city centre can enjoy high-quality urban basic services and
infrastructure (Valdenebro and Gimena, 2018).

3.4. Overcoming obstacles in the city and improving accessibility
Underground space utilisation has contributed to urban renewal

because it overcame obstacles in the city and improved accessibility.
Montreal’s city centre was broken by an underground expressway
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constructed in the 1960s. To create a bridge to the old business district
and restore the continuity of the city centre, new UUS development
emerged as a viable strategy for major urban renewal of Montreal’s city
centre (Demers, 2016). In Tsim Sha Tsui, an important central business
district (CBD) area in Hong Kong, an underground pedestrian connec-
tion was built, with the effect of enhancing access to commercial land.
According to He et al. (2016), the underground pedestrian network
served as an alternative to walkways at the street level, and impacted on
the entire pedestrian environment. Therefore, through careful planning
of subways and arrangement of exits, the underground pedestrian
network that redistributed pedestrian flows was able to contribute to
maximising commercial development.

3.5. Bringing opportunities to renew multi-level spaces

Large-scale underground space developments (e.g. the extensive
underground pedestrian systems in Hong Kong and Montreal) that have
heavy investment and significant impacts on urban economies provides
opportunities to renew multi-level spaces. Hong Kong has developed a
multifunctional underground pedestrian network to connect under-
ground concourses and streets with the aim of attracting people from
metro stations and underground commercial facilities to the surround-
ing areas on the surface (Zacharias and He, 2018). In Montreal, Canada,
the multi-layer system of public open space in Place des Art created
opportunities to connect the locations of regular festival events in three
districts (eight neighbourhoods) via surface walkways, underground
walkways and metro systems in the process of urban rehabilitation (Shi
et al., 2017). The development of the Toledo underground railway sta-
tion in Naples, Italy, provided the opportunity to regenerate spaces
above ground (e.g. the public squares above the two station entrances),
including space above the main entrance that was developed into a busy
pedestrian area with street market stalls (Russo et al., 2017). The
contribution of underground pedestrian networks to urban economic
renewal of declining city centres (see Cui et al., 2013) has been seen in
North American cities such as Charlotte, Cincinnati, Los Angeles, Port-
land and Dallas. In Dallas, development of an underground pedestrian
network attracted people to the city centre to enjoy the comfortable and
temperature-controlled environments for dining, shopping, relaxing and
entertainment (Terranova, 2009), resulting in increased retail sales,
increased property values and higher lease rates in the city centre.

4. What forms of underground space utilisation have been
documented to contribute to urban renewal

4.1. Underground transport infrastructure

Underground transport infrastructure has often been used to regen-
erate urban land to improve mobility, accessibility and connectivity.
Underground railways and stations, underground parking spaces and
underground pedestrian networks are the main forms of this utilisation
(Cui and Nelson, 2019). In many cities in the world, due to narrow roads
and traffic congestion, using UUS has proven to be a wise choice for
improving mobility and accessibility. Among the underground devel-
opment strategies, underground railway and station development has
the effects of significantly improving public transport patronage,
improving traffic conditions and enhancing accessibility. Moreover,
underground railway and station development drives comprehensive
development of underground spaces in the area around the stations and
along railway lines, stimulating urban renewal (Shang, 2016). In China,
metro planning and development comprehensively guide urban renewal
along metro lines and stations (Zhao et al., 2016). In cities like Qingdao,
underground space utilisation has always been considered a tool for
activating urban vitality in urban renewal and regeneration projects. As
avital part of underground development, underground railway lines and
stations connect the city centre, commercial and shopping malls, and
residential areas (Li and Pei, 2009). In London, UK, the Docklands had
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suffered from a declining economy in the docks and local manufacturing
since the 1960s. The local transport system and the heavily congested
surrounding area of East London called for an improved public transport
system. New underground railway lines and the extension of existing
underground railway lines were key components of urban regeneration
in this area (Church, 1990).

Underground parking is an essential element in numerous urban
renewal projects. In the Batata Square Urban Renewal Project in the City
of Sao Paulo, Brazil, underground parking spaces were developed to
meet the parking needs of hundreds of cars and motorcycles (Waisman
etal., 2014). Unsurprisingly, taking advantage of the basements of high-
rise residential and business buildings means that the most prevalent
form of UUS utilisation in many cities is car parking (Qiao and Peng,
2016). By developing underground parking spaces to save space above
ground for streets, squares and green belts, urban environments were
beautified, and urban spaces were humanised (Shang, 2016). In fact,
with driving becoming a key transport mode in modern cities, there is
high demand for parking spaces in urban areas. The shortage of parking
garages in the old city of Beijing resulted in great inconvenience in
parking; increasing numbers of private cars worsened the parking situ-
ation. Streets were occupied by parked vehicles, and walking became
difficult. This has become a phenomenon within Beijing’s old city. As it
becomes less likely that parking garages would be built above ground,
developing underground parking garages was seen as an important so-
lution to the increasingly severe parking problem. By developing un-
derground parking garages after carefully considering the relationship
between underground parking garages and conserved areas (e.g. his-
torical and cultural heritage sites), the parking issue can be solved,
spaces at the street level can be saved, and access to heritage sites can be
improved. In China, underground car parks were connected to the main
roads of the residential areas directly to allow green space on the ground
(Li and Pei, 2009).

Underground roads were also considered an efficient solution in
urban renewal projects. In the heart of Athens, Greece, that suffered
from severe traffic congestion, underground roads enhanced mobility
and reduced travel time. In addition, by developing underground roads,
environmental impacts (e.g. noise and air pollution) can be decreased
and valuable urban surface space can be reclaimed, offering an oppor-
tunity for green space and pedestrian walkway development to achieve
urban regeneration (Benardos et al., 2013). The well-known Central
Artery/Tunnel project moved an elevated six-lane highway at the centre
of Boston to below ground to provide better traffic conditions with less
environmental impact, a better city image, improved pedestrian access,
green space and views, and more leisure opportunities (Tajima, 2003).
In Qingdao’s Shinan District in China, the planning of the underground
road network aimed to upgrade road infrastructure to improve traffic
conditions and address increasing road traffic demand and pedestrian-
vehicle conflicts (Ma and Peng, 2018).

Underground pedestrian networks have played an important role in
major urban renewal projects as well. Recently, nearly 1.3-kilometre-
long underground corridors were created in Montreal’s city centre to
provide connections to two isolated parts of the underground pedestrian
system in the area where three metro stations are located, and to provide
enhanced accessibility to walk to the city centre of Montreal (Demers,
2016). In central Tokyo, with dramatic increases in traffic predicted, the
development of safe and comfortable underground pedestrian systems,
particularly around metro stations to channel commuters, was believed
to be a component of urban renewal for making Tokyo an international
financial city (Yokotsuka et al., 2013). The development of large-scale
underground pedestrian networks in Dallas, US and Hong Kong, China
was effective in stimulating economic revitalisation in the city centre by
offering opportunities for various activities e.g. shopping, dining,
transport and entertainment in weather-protected and temperature-
controlled walking environments that are safe, comfortable and conve-
nient (He et al., 2016; Terranova, 2009; Zacharias and He, 2018).
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4.2. Underground commercial and public use

Underground spaces are commonly used for commercial and public
purposes as well. An underground shopping centre that comprised res-
taurants, recreation facilities, car parks, stores and shops was developed
along with the renewal of the Qingdao Railway Station in China (Li and
Pei, 2009). The COEX Mall in Seoul, Korea, the largest underground
shopping centre in Asia, connects various functions and spaces,
including shopping, transport, offices, hotels, and cultural spaces (Lee
et al., 2013). Beijing’s old city has developed many recreational spaces
below ground to take advantage of underground spaces, because leisure
and entertainment spaces can be noisy, and they have low requirements
for natural light. Similarly, fitness rooms were constructed below
ground for efficient use of space. There is also a lack of outdoor squares
for sports use in the old city of Beijing. Therefore, in urban commercial
centres (e.g. Xidan and Dongdan), spacious underground passages are
used by many citizens spontaneously as their sports and fitness spaces.
Public cultural and educational purposes are also accommodated in
underground spaces; Financial Street Community Cultural Centre and
the National Theatre of Performing Art are good examples (Shang,
2016). In some cities, there are scattered underground commercial
spaces that have not been efficiently used. Further development of
existing underground commercial spaces to intensify the use of land,
improve spatial quality, accommodate more urban functions, and
release traffic pressure was also applied in practice as an important
approach for the renewal of old cities (Bi and Liu, 2013).

4.3. Underground complexes

Comprehensive developments consisting of multiple forms of UUS in
multiple stories may provide a comprehensive solution in urban renewal
projects. In Montreal’s city centre, from the early milestone project,
Place Ville-Marie, dating from 1962 to the Eaton Centre built in the
1980s, the gradually formed underground pedestrian network linked
metro stations, office spaces, underground shopping centres, under-
ground parking facilities, restaurants, cinemas, and shops. The under-
ground complex addressed increased demand due to population growth
by offering additional functions and qualities and reduced extension of
the urban fabric horizontally beyond the city’s border. With the goal of
retaining the city’s vitality and identity, urban renewal via underground
development extended the city centre’s functional capacity. By
increasing the possibilities of cultural, shopping and entertainment ac-
tivities while improving accessibility and public transit, the city centre
was regenerated (Durmisevic, 1999). Recent UUS utilisation in China’s
cities often features comprehensive, large-scale, multi-functional
development. In China where high-speed rail networks have been
formed, transport hubs around high-speed rail stations were developed
in major cities like Beijing, Shanghai, Guangzhou, Shenzhen, Lanzhou,
Ningbo and Chongging. For example, in Lanzhou West rail station
transport hub, the underground development consisted of two stories:
commercial spaces and public parking spaces in the first underground
floor; and public parking spaces, a taxicab depot, commercial areas, and
a metro station in the second underground floor. Underground spaces, as
a key element of transport hubs in urban renewal, played a significant
role in promoting the regional economy (Jia and Fang, 2016). In Beij-
ing’s Zhongguancun West Zone, the 500,000 square metres (m?) un-
derground buildings and structures in three stories provide nearly
10,000 parking spaces, three large-scale shopping centres and a multi-
purpose infrastructure tunnel that includes a transport corridor, water
and gas pipes, and electricity and communication cables (Tong, 2007).
The comprehensive development in Hongqiao CBD, Shanghai, consisted
of three metro lines, numerous underground parking spaces and an
underground pedestrian network that connects offices, shopping malls,
and hotels to parking spaces and metro stations. The development meets
transport and parking demands and also provides shopping, dining, and
entertainment services (Qiao et al., 2019).
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4.4. Other forms of underground space use

Other forms of UUS have been utilised in urban renewal projects, e.g.
UUT, underground storage spaces, underground residential spaces, un-
derground buildings and other underground spaces. Studies have been
conducted on how UUTs contributed to urban renewal and regeneration
of old and historic city centres. In the city of Pamplona, Spain, UUTs for
sustainable renewal of the old city centre were regarded as an optimal
solution to address the social and functional needs of a changing society,
while at the same time protecting the old city’s historical and cultural
heritage (Valdenebro and Gimena, 2018; Valdenebro et al., 2019).
Masuda et al. (2004) proposed the use of deep underground spaces in
Tokyo for infrastructure for gas, water and electricity for urban renewal.
Li and Pei (2009) surveyed over 50 newly built residential areas through
urban regeneration in Qingdao, China and found a few projects that used
the semi-underground space for storage purposes. Nishida and
Uchiyama (1993) examined areas with completed urban renewal pro-
jects in Tokyo and found that in most cases, the basements of buildings
were used as mechanical and storage rooms in addition to parking
spaces.

Some uncommon forms of underground space use for urban renewal
include underground residential space, underground buildings and un-
derground spaces. In some large cities such as Beijing, a large number of
migrant workers with comparatively low incomes working in retail,
catering, and other traditional service-based industries choose to live
close to their working places in urban commercial centres. Due to their
heavy workloads, extensive working hours and comparatively low in-
comes, living in basements, a type of economical housing in residential
areas near commercial centres, became a general choice. Despite some
poor-quality underground residential spaces, such as dark rooms in the
centre of basements with poor ventilation and natural lighting that
hardly meet living environment requirements, excellent practice has
been demonstrated in how to transform group rental basements into
quality residential/office space. Since this type of economical rental
housing is needed to meet the housing demands of a large number of
migrant workers, the development/improvement of basement housing
would contribute to better living environments for people, as well as
enhancing urban renewal (Shang, 2016).

Underground spaces in open squares and old buildings can improve
spatial quality. Through adding new or complementary functions and
helping improve spatial quality, development of underground spaces
has allowed urban space and old buildings that were useless to become
suitable for new use, such as via increasing the floor area, changing the
scale or form of a building, expanding the useable area of heritage
buildings, and enhancing cultural surroundings (Shang, 2016). In the
suburbs, underground space utilisation can also contribute to urban
renewal, and this has been demonstrated by an underground building
and parking development in Basilicata, Italy (Sassano et al., 2017).

5. Challenges and existing approaches of underground space
utilisation for urban renewal

The existing literature provides important information with regard to
challenges and approaches to utilising underground space for urban
renewal. The harmonious development of three-dimensional spaces
(including spaces above ground, on the ground and below ground) is the
key to successful urban renewal. However, in practice, there have been
many cases where planning for underground spaces has not been
included in city plans, resulting in disorderly development of under-
ground space. Messy distribution patterns prevent efficient use of spaces
and impede further large-scale development in the future (Bi and Liu,
2013). The concept of integrating/coordinating development of spaces
at different levels (above ground, in the ground and below ground) has
been highlighted by many studies (e.g. Bi and Liu, 2013; Nishida and
Uchiyama, 1993; Sung, 2014; Tong, 2007). Early studies (e.g. Nishida
and Uchiyama, 1993) recognised the importance of the integration of
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the surface and subsurface to provide opportunities to create commu-
nities with great amenities and safe environment. Underground space
development in urban renewal should not be viewed as individual
project that is isolated from urban development on the surface. Instead,
harmonious development of three-dimensional spaces is the key. Sung
(2014) pointed out that urban regeneration, in many cases, was char-
acterised by mixed-use development. In order to efficiently use land and
urban space, mixed-use development in both horizontal and vertical
directions, and at multiple levels, thus mixing and overlapping different
uses, allows for successful urban regeneration. High-rise, large-scale
complex development in urban regeneration has been seen in recent
years, such as in mega-cities in Asia (e.g., Seoul, Tokyo, Shanghai, Hong
Kong, and Singapore). In these cases, spaces above ground, in the
ground and underground have formed three-dimensional spaces which
connect the city to facilities.

Integrated planning of aboveground and underground developments
is important. The well-known Underground City in Montreal were
developed over decades. Although different complexes and metro sta-
tions have their own individual identities and atmospheres (resulting in
strong senses of space and place), underground spaces were well plan-
ned and often designed simultaneously with the aboveground buildings
(Durmisevic, 1999). The Zhongguancun West Zone project in Beijing
shows the three-dimensional redevelopment approach, which starts
from the planning stage and carries through the whole process of con-
struction. Aboveground redevelopment and underground development
were constructed simultaneously (Tong, 2007).

UUS should be developed as an integral part of the urban fabric to
form an underground city with safe and pleasant environments in har-
mony with the development of the urban area on the ground. To achieve
integrated development of spaces at different levels, cooperation among
planners, potential users and administrators is important (Nishida and
Uchiyama, 1993). The connection between different levels needs to be
cleverly designed. Accessibility to an underground space via an above-
ground building, and provision of natural light and a “viewable” outside
world were part of the design success of Montreal’s underground com-
plex (Durmisevic, 1999). Spacious sunken plazas, streets and parks were
effective in introducing people to underground naturally. Developing
metro stations linking to underground commercial spaces has proven to
be a high-quality practice (Bi and Liu, 2013).

In cities where underground spaces were developed over a long
period of time, underground spaces were developed for different pur-
poses at different stages. In Chinese cities for instance, underground
space development over decades has been done in a disorderly manner,
without detailed planning rules. The construction resulted in the frag-
mentation of underground commercial spaces. In addition, without
connection to metro systems, underground commercial spaces relied on
the transport systems above ground. Due to historical reasons for
developing underground spaces, underground commercial spaces had
poor lighting and ventilation conditions, and poor humanisation design
(e.g. lack of resting spaces) and different depths of adjunct underground
spaces, resulting in low-quality shopping environments. These presented
major obstacles to efficient use of land in the city core and to future
urban development (Bi and Liu, 2013). According to Shang (2016), more
than 12,000 m? of underground spaces were developed first for Civil Air
Defence purposes in the old Beijing city in the1960s and 1970s, and then
reused for public functions in the 1980s and 1990s. In the 21st century,
more large-scale underground space development in various forms has
been seen in Beijing. This resulted in the quantity and quality of un-
derground spaces being unevenly distributed geographically. Great
effort needs to be made to integrate scattered underground spaces and
improve poor underground spaces. In Qingdao, China, even for UUS in
the same area, organic organisation and interconnection between
adjacent underground areas have been rarely seen. For decades, UUS
development was independent of residential and commercial real estate
projects. More recently, after metro projects began, the benefits of joint
development among adjacent UUS have been gradually recognised, and
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this type of development has been encouraged as a more advanced UUS
development approach (Zhao et al., 2016).

The forms of UUS utilisation (e.g. single-function or multi-function
UUS) present challenges. In Tokyo, an early study in the 1990s found
that for completed urban renewal projects involving buildings and
basements, most basements were used as parking spaces, mechanical
rooms, or storage rooms. Almost no underground networks were formed
as part of urban renewal projects. Encouraging the creation of under-
ground networks (e.g. connections between buildings and subway sta-
tions) using multiple-level basements is a great challenge, and this is
important for attracting potential users of the spaces and promoting
future use of the spaces (Nishida and Uchiyama, 1993). Although this
study conducted in Japan more than two decades ago, there may be
cities in the early stage of UUS development that have such character-
istics. In Luoyang, 52.67% of UUS use is for car parking, providing about
13,000 underground parking spaces (the single function of UUS in many
other cities such as Qingdao, according to Zhao et al., (2016)). UUS was
developed using the basements of residential and business buildings.
During working hours, UUS (car parking spaces) underneath residential
buildings has a high vacancy rate, while during non-working hours, UUS
(car parking spaces) under business buildings has a high vacancy rate
(Qiao and Peng, 2016). The solo form of UUS use, in this case, could
challenge the efficiency of the use of precious underground space re-
sources, and this is an important aspect for planners, practitioners and
decision-makers to consider.

Complex underground development is likely to be more efficient in
addressing complex problems (e.g. transport congestion, environment
degradation and heritage protection) associated with urban develop-
ment. Urban developments require a change in function of underground
spaces in the CBD, from a single function to complex functions to sup-
port urban development better (Bi and Liu, 2013). Large underground
systems allow underground spaces to be an essential component in
urban renewal. An example is Montreal’s Underground City, whose
advantages include scale (with over 32km in length and 12 square kil-
ometres of tunnels), connectivity (connecting directly to 60 buildings),
accessibility (24 hour access to public transport facilities including
seven metro stations, two railway stations and one long-distance bus
terminal), seamless integration between surface and subsurface (by
more than 200 metro entrances), functionality (serving numerous
shopping malls, hotels, offices and museums), pleasant walking envi-
ronments (air-conditioned and weather-controlled), and quality public
space (safety monitoring management and art design) (Shi et al., 2017).
Montreal’s case may not necessarily be the ideal model of UUS devel-
opment for many other cities. However, comprehensive development of
UUS has shown the advantages of this model, and it appears to be the
trend in recent projects.

The dilemma of historic resource conservation and urban redevel-
opment using UUS is a primary concern for the planning and develop-
ment of UUS particularly for historical cities. In Pamplona, Spain, UUT
systems emerged as the optimal solution for addressing historic con-
servation and urban renewal. The utilisation of UUS in the form of UUT
systems allowed high-quality urban basic services and infrastructure to
be provided in the old city for the renewal of historical city centres. The
maintenance, expansion and renewal of utility networks can be con-
ducted conveniently with less disruption to people’s access to streets and
less visual pollution of the street’s image (Valdenebro and Gimena,
2018; Valdenebro et al., 2019). Luoyang, China, a representative his-
torical city and the capital city of 13 ancient dynasties in the history, is
characterised by numerous historical and cultural resources. Luoyang’s
planning experience provides valuable information for addressing the
difficulty of balancing conservation and development. A series of mea-
sures were taken, including quality evaluation of underground space
resources, spatial control of underground space development, and reg-
ulatory measures that clarified prohibited areas for underground space
use and areas for limited underground space use (e.g. shallow under-
ground spaces within 10 m below the surface were not permitted in the
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development control areas; and shallow and middle underground spaces
within 30 m below the surface were not permitted in areas with poten-
tial buried relics) (Qiao and Peng, 2016).

A balanced development of spaces below ground and above ground
can be difficult to achieve. In some cases, the success of UUS for urban
renewal can also present challenges. For example, Dallas’s underground
pedestrian network was successful in attracting people to conduct
various activities, including shopping, dining and entertainment activ-
ities, thus helping to revitalise the urban economy. However, the un-
derground pedestrian network functioned too well in that pedestrians
and their activities were removed from streets that had already been
challenged by a declining economy. In addition, it was discovered that
activities and urban life occurred in the underground pedestrian
network only during a limited time period (i.e. in the middle of the day)
while the space was almost vacant after lunch time (Terranova, 2009).
Whether or not the development of an underground pedestrian network
achieves economic renewal and maintains the vitality of life on multiple
levels of urban spaces (e.g. on the ground, below ground and above
ground) may be related to the population density of city centres. Dallas’
population density in the city centre is not high enough to support ac-
tivity both on the ground and underground levels (Terranova, 2009). In
contrast, in Hong Kong, China, limited developable land and extremely
high pedestrian density resulted in that the development of a multiple-
level pedestrian network (on the ground, below ground and above
ground) strongly supported urban life and economy in the city centre
(Wan, 2007). In some cases, through careful design, UUS may contribute
to directing people from the underground system (metro systems) to the
surrounding area on the surface to revitalise commerce on the surface.
Hong Kong’s experience indicates that for maintaining street vitality,
the development of underground pedestrian networks to provide access
to shopping malls associated with metro stations is more effective than
direct connections to streets (Zacharias and He, 2018).

The divergent interests of different parties involved in the planning
and construction of UUS present challenges. In the East-line Metro
development in Amsterdam, where large-scale urban regeneration of the
Nieuwmarkt neighbourhood was an initial aim of the city council in
opting for an underground metro line, the subsequent social unrest
initiated by this project has weakened the success the underground
development achieved for urban regeneration (van den Ende and van
Marrewijk, 2019). During the urban renewal of Montreal’s downtown,
one challenge was the divergent interests of public sectors involved in the
project regarding the major urban planning intervention using under-
ground spaces. The Ministere des Transports was not interested in
creating the corridor to bridge Old Montreal to the existing CBD that was
isolated by an underground expressway, and the Ministere du Revenu
and the riverside community were interested in increased tax revenues
(Demers, 2016). The case of the underground library at Yale University
showed the importance of public participation in the success of under-
ground space utilisation to decrease public anxiety generated by new
development/urban renewal projects (Little, 2018). Continuing support
from different parties is extremely important for large-scale, heavily-
funded UUS projects that may present significant economic, environ-
mental and social impacts during and after the construction. For
example, for the enormous and costly Central Artery/Tunnel project,
planners spent considerable effort and funds and worked with businesses,
citizens, and interest groups to minimise disruption during construction
and find workable mitigation solutions for the project (Bushouse, 2002).

The challenge of improving the design quality in the whole area
(above ground, on the ground and below ground) confronted Montreal’s
urban renewal via developing underground spaces. The large-scale
project consisted of restructuring the public domain of eight hectares
to create a user-friendly environment, enhancing public transport and
walking (e.g. connecting underground pedestrian networks and
enhancing access to the metro) while reducing car traffic and car
parking (Demers, 2016). In many cities, underground space develop-
ment in old cities was confronted with similar design and management
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problems. Existing underground spaces, especially in underground
public spaces associated with development at the ground level, appeared
to be fragmented, and the overall design was not unified and humanised.
Humanisation design to allow more enjoyable environments for people
to use underground spaces is also a key for urban revitalisation, e.g.
introducing natural light, and adding recreational and relaxing spaces
(Bi and Liu, 2013).

High initial investment is the main common challenge for all forms of
underground space utilisation. Only in exceptional cases have UUTs
been adopted by municipal authorities for renewal and regeneration of
historical centres of cities (Valdenebro et al., 2019). The actual cost of
UUS utilisation is difficult to predict accurately, particularly for large
projects, and the transition between planning and construction phases is
difficult to manage. In the Central Artery/Tunnel project, the 6 billion
USD estimate in 1990 was escalated to 15 billion USD in 2003, thus
damaging the reputation of UUS development and creating national
(and international) concern about large UUS projects (Salvucci, 2003).
Despite high construction costs, studies have indicated the significance
of partnerships between private developers and government in devel-
oping Montreal’s underground complex (Durmisevic, 1999) and con-
structing underground railway lines in urban regeneration in London’s
Docklands (Church, 1990). The public—private partnerships can be an
effective funding model for UUS development, particularly underground
infrastructure development to renew urban areas. Furthermore, due to
the difficulties and complexities in developing below ground, technical
problems were highlighted in many studies (thus potentially increasing
costs). These problems, such as developing an underground expressway
in the city centre, requiring dealing with tunnel stability, air circulation,
interaction between facilities below ground and above ground, and
environmental problems, need to be considered and solved when con-
structing underground systems (Han et al., 2012). In addition to tech-
nical difficulties in the system design and construction stages,
administrative and legal difficulties may be obstacles to utilising un-
derground spaces. When utilising UUT systems for urban renewal (e.g. in
the old towns of cities), the service providers may not be interested in
investing in the systems because they are already serving their sub-
scribers. Moreover, to what extent the companies that provide the ser-
vices are aware of their legal rights could present legal difficulties
(Valdenebro and Gimena, 2018).

6. Conclusion

In cities across the globe, there is often a piece of land (large or small)
that is dense and requires underground space development. With pop-
ulation growth and urban development, for efficient use of land re-
sources, utilisation of underground space is becoming an optimal
approach for urban renewal.

Urban underground spaces have undergone rapid development in
recent years and contributed to urban renewal. Underground space uti-
lisation has played an effective role in urban renewal, such as coping with
urban development and associated problems, achieving more efficient
use of land, space, and energy resources, contributing to old city con-
servation, overcoming obstacles and improving accessibility in the city,
and bringing opportunities to renew multi-level spaces. Various forms of
underground space utilisation for renewing urban land were docu-
mented. Increased use of underground infrastructure helps to stimulate
the regeneration of decayed central areas of cities (Roberts, 1996).

As a unique layer of additional spaces below ground that is under-
utilised but full of potential, empirical evidence has discussed chal-
lenges and suggested approaches to achieve successful utilisation of
underground space in urban renewal. Harmonious development of
three-dimensional spaces (including spaces above ground, on the
ground and below ground) is the key to successful urban renewal. In-
tegrated planning of aboveground and underground developments is
important. Underground and surface spaces should not only co-exist in
urban renewal; instead, they should be integrated and work together
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(Hooimeijer and Maring, 2018). UUS should be developed as an integral
part of the urban fabric to form an underground city with safe and
pleasant environments in harmony with the development of the urban
areas on the ground. In addition, in cities where underground spaces
have been developed over a long period of time, underground spaces
were developed for different purposes at different stages. Greater effort
needs to be made to integrate scattered underground spaces and
improve poor underground spaces. Moreover, the form of UUS uti-
lisation (e.g. single-function or multi-function UUS) may present some
challenges, and this is an important aspect for planners, practitioners
and decision-makers to consider. Complex underground development is
likely to be more efficient in addressing complex problems (e.g. trans-
port congestion, environment degradation and heritage protection)
associated with urban development. Furthermore, the dilemma of his-
toric resource conservation and urban redevelopment using UUS is a
primary concern for the planning and development of UUS particularly
for historical cities. Existing planning experience provides valuable in-
formation for addressing this difficulty. Further, balanced development
of underground and aboveground spaces can be difficult to achieve.
Multiple options (including underground options) need to be considered
before choosing a preferred solution and making a detailed design based
on very rough comparisons and the city’s individual situation. In addi-
tion, the divergent interests of different parties involved in the planning
and construction of UUS may present challenges. Encouraging public
participation and working with businesses, citizens, and interest groups
are important for successful utilisation of underground space for urban
renewal. Again, the challenge of improving design quality in the whole
area (above ground, on the ground and below ground) has confronted
underground space utilisation in cities. Humanisation design to allow
more enjoyable environments for people to use underground spaces is
also a key to urban revitalisation. Last but not least, high initial in-
vestment, technical problems and administrative and legal difficulties
may be obstacles to utilising underground spaces, further hampering the
use of underground space, as it is perceived to be risky, costly and un-
desirable. The public—private partnership could be an effective funding
model for UUS development, particularly underground infrastructure
development to renew urban areas. The advancement of technology has
been proven to be an efficient tool to help overcome the challenges of
underground space. For example, in recent years, 3D modelling of
geological and anthropogenic deposits was used to contribute to
decision-making for sustainable urban regeneration in cities, and pres-
ervation of cultural heritage (de Beer et al., 2012).

This study focuses on exploring how underground space utilisation
contributes to urban renewal. Other contributions of underground space
development are not the focus of this study and have been little dis-
cussed in this study. Future research needs to investigate further with
regard to the full contribution of UUS utilisation, to provide empirical
evidence to develop a better understanding of UUS utilisation. The
methods of this review paper fit the objectives of this study to under-
stand the nature and significance of the topic. It is also important to
examine various features of urban renewal in different periods of urban
development and therefore different needs for UUS use. Moreover, this
review summarised the challenges of UUS use in urban renewal and
discussed existing solutions, e.g. decision-making, planning, architec-
tural design, public-private partnerships, and conservation of historic
resources based on empirical evidence. Future research is needed to
further investigate the challenges of UUS development and propose
innovative solutions to inform and guide planning practitioners and
decision-makers on utilising UUS in urban renewal. In the context of
urban development, UUS use for urban renewal should be part of the
continuing research and policy agendas.

CRediT authorship contribution statement

Jianqiang Cui: Conceptualization, Methodology, Formal analysis,
Writing - original draft, Writing - review & editing. Wout Broere:



J. Cui et al.

Conceptualization, Methodology, Writing - original draft, Writing - re-
view & editing. Dong Lin: Conceptualization, Methodology, Formal
analysis, Writing - original draft, Writing - review & editing.

Declaration of Competing Interest

The 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.

References

Adams, D., Hastings, E.M., 2001. Urban renewal in Hong Kong: Transition from
development corporation to renewal authority. Land Use Policy 18 (3), 245-258.

de Beer, J., Price, S.J., Ford, J.R., 2012. 3D modelling of geological and anthropogenic
deposits at the World Heritage Site of Bryggen in Bergen, Norway. Quat. Int. 251,
107-116.

Benardos, A., Kazos, X., Sotiropoulos, N., 2013. Design analysis for the underground
relocation of a central road artery in Athens. In: Zhou, Y., Cai, J., Sterling, R. (Eds.),
Advances in Underground Space Development. Research Publishing, Singapore,
pp. 557-566.

Bi, X.L., Liu, B.T., 2013. Urban revitalization by integrating underground space into city
space: Urban design for commercial district of Xiguan cross in Lanzhou. Appl. Mech.
Mater. 409-410, 813-817.

Bobylev, N., 2009. Mainstreaming sustainable development into a city’s master plan: A
case of urban underground space use. Land Use Policy 26 (4), 1128-1137.

Broere, W., 2016. Urban underground space: Solving the problems of today’s cities.
Tunn. Undergr. Space Technol. 55, 245-248.

Bushouse, B., 2002. Changes in mitigation: Comparing Boston’s Big Dig and 1950s urban
renewal. Public Works Manage. Policy 7 (1), 52-62.

Carmody, J., Sterling, R., 1993. Underground space design. Van Nostrand Reinhold
Publishing Company, New York.

Church, A., 1990. Transport and urban regeneration in London Docklands: A victim of
success or a failure to plan? Cities 7 (4), 289-303.

Couch, C., 1990. Social aspects of urban renewal. In: Couch, C. (Ed.), Urban Renewal:
Theory and Practice (Macmillan Building and Surveying Series). Palgrave, London,
pp. 79-80.

Cui, J., Allan, A., Lin, D., 2013. The development of grade separation pedestrian system:
A review. Tunn. Undergr. Space Technol. 38, 151-160.

Cui, J., Allan, A,, Lin, D., 2015. Assessing grade separation pedestrian systems: Planning,
design and operation. Urban Design Int. 20, 241-252.

Cui, J., Allan, A., Lin, D., 2019. SWOT analysis and development strategies for
underground pedestrian systems. Tunn. Undergr. Space Technol. 87, 127-133.

Cui, J., Lin, D., 2016. Utilisation of underground pedestrian systems for urban
sustainability. Tunn. Undergr. Space Technol. 55, 194-204.

Cui, J., Nelson, J.D., 2019. Underground transport: An overview. Tunn. Undergr. Space
Technol. 87, 122-126.

Demers, C., 2016. Over & underground spaces & networks integrations a case study: The
international district of Montreal. Procedia Eng. 165, 726-729.

Durmisevic, S., 1999. The future of the underground space. Cities 16 (4), 233-245.

van den Ende, L., van Marrewijk, A., 2019. Teargas, taboo, and transformation: A neo-
institutional study of community resistance and the struggle to legitimize subway
projects in Amsterdam 1960-2018. Int. J. Project Manage. 37 (2), 331-346.

Goel, R.K,, Singh, B., Zhao, J., 2012. Underground infrastructures: Planning, design, and
construction. Elsevier, Amsterdam.

Han, K.C., Ryu, D.W., Kim, H.M., Kim, T.H., 2012. Analysis of the infrastructure system
and core factors for environment-friendly urban regeneration. In: Qian, Q., Zhou, Y.
(Eds.), Harmonising Rock Engineering and Environment. CRC Press, London,
pp. 757-758.

He, J., Zacharias, J., Geng, J., Liu, Y., Huang, Y., Ma, W., 2016. Underground pedestrian
network for urban commercial development in Tsim Sha Tsui of Hong Kong.
Procedia Eng. 165, 193-204.

Hooimeijer, F.L., Maring, L., 2018. The significance of the subsurface in urban renewal.
J. Urbanism: Int. Res. Placemaking Urban Sustainab. 11 (3), 303-328.

Hunt, D.V.L., Makana, L.O., Jefferson, I., Rogers, C.D.F., 2016. Liveable cities and urban
underground space. Tunn. Undergr. Space Technol. 55, 8-20.

Hunt, D.V.L., Nash, D., Rogers, C.D.F., 2014. Sustainable utility placement via Multi-
Utility Tunnels. Tunn. Undergr. Space Technol. 39, 15-26.

ITA Working Group - Urban Problems Underground Solutions, 2012. Report on
underground solutions for urban problems. Lausanne: International Tunnelling and
Underground Space Association.

Jeong, E., Shim, L.K., Wilson, M.I., 2010. Urban regeneration, retail development and the
role of information and communication technologies. Netcom 24 (1/2), 133-146.

Jia, J., Fang, Y., 2016. Underground space development in comprehensive transport hubs
in China. Procedia Eng. 165, 404-417.

Keddie, J., Tonkiss, F., 2010. The market and the plan: Housing, urban renewal and
socio-economic change in London City. Culture Soc. 1 (2), 57-67.

Kishii, T., 2016. Utilization of underground space in Japan. Tunn. Undergr. Space
Technol. 55, 320-323.

Lee, J.H., Mak, M.Y., Sher, W.D., 2013. Strategic planning indicators for urban
regeneration: A case study on mixed-use development in Seoul. Paper presented in
19th Annual Pacific-rim Real Estate Society Conference.

10

Tunnelling and Underground Space Technology incorporating Trenchless Technology Research 108 (2021) 103726

Li, C., Pei, C., 2009. Sustainable utilization of underground space in urban regeneration
areas - As an example of Qingdao city. In: Proceedings of 12th International
Conference of the Associated Research Centers for Urban Underground Space,
pp. 69-74.

Little, G.R., 2018. “Save the cross campus™: Library planning and protests at Yale,
1968-1969. Info. Culture 53 (2), 153-174.

Liu, G., Chen, S., Gu, J., 2019. Urban renewal simulation with spatial, economic and
policy dynamics: The rent-gap theory-based model and the case study of Chongqing.
Land Use Policy 86, 238-252.

Ma, C.-X., Peng, F.-L., 2018. Some aspects on the planning of complex underground roads
for motor vehicles in Chinese cities. Tunn. Undergr. Space Technol. 82, 592-612.

Masuda, Y., Takahashi, N., Ojima, T., 2004. Utilization of deep underground space in
Tokyo - Urban renewal with the city’s new backbone lifeline. In: Proceedings of
CTBUH 2004 Seoul Conference, pp. 449-452.

Nishida, Y., Uchiyama, N., 1993. Japan’s use of underground space in urban
development and redevelopment. Tunn. Undergr. Space Technol. 8 (1), 41-45.
Qiao, Y.-K., Peng, F.-L., 2016. Master planning for underground space in Luoyang: A case

of a representative historic city in China. Procedia Eng. 165, 119-125.

Qiao, Y.-K., Peng, F.-L., Sabri, S., Rajabifard, A., 2019. Low carbon effects of urban
underground space. Sustain. Cities Soc. 45, 451-459.

Richards, R., 2014. Urban Renewal. In: Michalos, A.C. (Ed.), Encyclopedia of Quality of
Life and Well-Being Research. Springer, Dordrecht, p. 294.

Roberts, D.V., 1996. Sustainable development and the use of underground space. Tunn.
Undergr. Space Technol. 11 (4), 383-390.

Ronka, K., Ritola, J., Rauhala, K., 1998. Underground space in land-use planning. Tunn.
Undergr. Space Technol. 13 (1), 39-49.

Russo, G., Corbo, A., Cavuoto, F., Manassero, V., De Risi, A., Pigorini, A., 2017.
Underground culture: Toledo station in Naples, Italy. Proc. Inst. Civ. Eng. Civ. Eng.
170 (4), 161-168.

Salvucci, F.P., 2003. The “Big Dig” of Boston, Massachusetts: Lessons to learn. In:
Saveur, J. (Ed.), (Re)Claiming the Underground Space. Balkema Publishers, Lisse,
The Netherlands, A.A, pp. 37-41.

Sassano, G., Graziadei, A., Amato, F., Murgante, B., 2017. Involving citizens in the reuse
and regeneration of urban peripheral spaces. In: Silva, C.N., Bucek, J. (Eds.), Local
Government and Urban Governance in Europe. Springer, Cham, Switzerland,
pp. 193-206.

Shang, Q., 2016. Underground space: A view for the conservation of Beijing old city.
Procedia Eng. 165, 265-276.

Shi, W., Jia, B., Ponte, A., Wee, H.K., 2017. Multi-layer system of urban open space -
Study in Montreal. New Arch-Int. J. Contemporary Arch. 4 (3), 1-8.

Sterling, R., Admiraal, H., Bobylev, N., Parker, H., Godard, J.-P., Vahaaho, L., Rogers, C.
D.F., Shi, X., Hanamura, T., 2012. Sustainability issues for underground space in
urban areas. Proc. Inst. Civil Eng. Urban Des. Plan. 165 (4), 241-254.

Sterling, R., Nelson, P., 2013. City resiliency and underground space use. In: Zhou, Y.,
Cai, J., Sterling, R. (Eds.), Advances in Underground Space Development. Research
Publishing, Singapore, pp. 43-55.

Sung, L.Y., 2014. A study on the characteristics of planning within analyzing the
’physical settings’ of exterior space in mixed-use development for urban
regeneration in Tokyo. Information (Japan) 17 (9), 4221-4226.

Tajima, K., 2003. New estimates of the demand for urban green space: Implications for
valuing the environmental benefits of Boston’s big dig project. J. Urban Affairs 25
(5), 641-655.

Terranova, C.N., 2009. Ultramodern underground Dallas: Vincent Ponte’s pedestrian-
way as systematic solution to the declining downtown. Urban History Rev. 37 (2),
18-29.

Tong, L., 2007. An outstanding project of underground space utilization in urban
redevelopment of Beijing. In: Proceedings of 11th ACUUS International Conference -
Underground Space: Expanding the Frontiers, pp. 89-92.

Valdenebro, J.V., Gimena, F.N., 2018. Urban utility tunnels as a long-term solution for
the sustainable revitalization of historic centres: The case study of Pamplona-Spain.
Tunn. Undergr. Space Technol. 81, 228-236.

Valdenebro, J.V., Gimena, F.N., Lopez, J.J., 2019. Construction process for the
implementation of urban utility tunnels in historic centres. Tunn. Undergr. Space
Technol. 89, 38-49.

Waisman, J., Feriancic, G., Frascino, T.L., 2014. Urban renewal and mobility: The Batata
Square project. Proc. Social Behavioral Sci. 160, 112-120.

Wan, SW-S., 2007. The role of the skywalk system in the development of Hong Kong’s
central business district. Paper presented in Annual Meeting of the Association of
American Geographers, San Francisco, United States, 17-21 April.

Yokotsuka, M., Ohmura, S., Kasuya, T., Matozaki, S., 2013. Study of a pedestrian network
for urban renewal in the yaesu-kyobashi-nihonbashi district. In: Zhou, Y., Cai, J.,
Sterling, R. (Eds.), Advances in Underground Space Development. Research
Publishing, Singapore, pp. 722-733.

Yokotsuka, M., Nakamura, K., Ohmura, S., Kasuya, T., 2016. Study on the underground
energy network in Yaesu, Kyobashi and Nihonbashi area. Procedia Eng. 165, 69-77.

Zacharias, J., He, J., 2018. Hong Kong’s urban planning experiment in enhancing
pedestrian movement from underground space to the surface. Tunn. Undergr. Space
Technol. 82, 1-8.

Zhao, J.-W., Peng, F.-L., Wang, T.-Q., Zhang, X.-Y., Jiang, B.-N., 2016. Advances in
master planning of urban underground space (UUS) in China. Tunn. Undergr. Space
Technol. 55, 290-307.

Zheng, H.W., Shen, G.Q., Wang, H., 2014. A review of recent studies on sustainable
urban renewal. Habitat International 41, 272-279.


http://refhub.elsevier.com/S0886-7798(20)30680-5/h0005
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0005
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0010
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0010
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0010
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0015
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0015
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0015
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0015
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0020
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0020
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0020
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0025
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0025
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0030
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0030
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0035
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0035
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0040
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0040
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0045
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0045
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0050
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0050
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0050
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0055
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0055
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0060
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0060
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0065
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0065
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0070
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0070
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0075
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0075
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0080
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0080
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0085
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0090
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0090
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0090
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0095
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0095
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0100
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0100
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0100
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0100
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0105
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0105
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0105
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0110
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0110
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0115
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0115
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0120
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0120
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0130
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0130
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0135
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0135
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0140
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0140
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0145
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0145
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0150
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0150
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0150
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0155
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0155
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0155
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0155
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0160
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0160
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0165
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0165
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0165
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0170
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0170
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0175
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0175
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0175
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0180
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0180
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0185
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0185
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0190
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0190
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0195
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0195
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0200
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0200
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0205
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0205
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0210
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0210
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0210
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0215
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0215
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0215
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0220
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0220
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0220
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0220
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0225
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0225
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0230
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0230
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0235
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0235
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0235
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0240
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0240
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0240
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0245
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0245
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0245
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0250
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0250
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0250
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0255
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0255
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0255
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0260
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0260
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0260
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0265
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0265
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0265
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0270
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0270
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0270
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0275
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0275
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0285
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0285
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0285
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0285
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0290
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0290
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0295
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0295
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0295
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0300
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0300
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0300
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0305
http://refhub.elsevier.com/S0886-7798(20)30680-5/h0305

	Underground space utilisation for urban renewal
	1 Introduction
	2 Methodology
	3 How underground space utilisation can contribute to urban renewal
	3.1 Coping with urban development and associated problems
	3.2 More efficient use of resources
	3.3 Old city conservation
	3.4 Overcoming obstacles in the city and improving accessibility
	3.5 Bringing opportunities to renew multi-level spaces

	4 What forms of underground space utilisation have been documented to contribute to urban renewal
	4.1 Underground transport infrastructure
	4.2 Underground commercial and public use
	4.3 Underground complexes
	4.4 Other forms of underground space use

	5 Challenges and existing approaches of underground space utilisation for urban renewal
	6 Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	References


