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Executive Summary

The United for Smart Sustainable Cities (U4SSC) initiative is a global platform dedicated to supporting
cities in becoming smarter and more sustainable. The U4SSC is coordinated by the International
Telecommunication Union (ITU), the United Nations Economic Commission for Europe (UNECE), and the
United Nations Human Settlement Programme (UN-Habitat) with the support of 14 other UN bodies.
Frontier technologies provide cities with an innovatory opportunity to expedite their transformation

to unique cyber-physical systems, capitalising on data exchange among heterogeneous agents, while
encapsulating the concepts of “smartness” and “sustainability” in their operations. To this end, the
transformative potential of frontier technologies is exemplified in their ability to reshape the way cities
provide services and meet citizens' needs.

This report aims to shed light on the impact of frontier technologies in cities and on citizens. In this
context, it delves into a series of frontier technologies including: artificial intelligence; Internet of things
(IoT); digital twin; unmanned aerial vehicles/drones; wearable technology; and virtual/augmented
reality. The impact of each technology is highlighted in the corresponding sections and a set of common
challenges have been identified.

This report will first provide insights into the current urbanisation trends and provide an overview of
the importance of connecting cities with the sustainable development goals (SDGs). The deliverable will

conclude by highlighting the technical challenges that cities are still facing when implementing frontier

technologies and the pivotal role of standardisation in addressing these challenges.
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Cities become smarter and more sustainable
by leveraging data insights obtained from
intelligent sensors and other connected
devices to improve operational and
environmental efficiency.

Therefore, the “city of the future” can also be referred to as a smart

sustainable city (SSC).

Cities of the future

An SSC can be defined as follows:

"A smart sustainable city is an innovative city that uses information and communication
technologies (ICTs) and other means to improve quality of life, efficiency of urban
operation and services, and competitiveness, while ensuring that it meets the needs of
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present and future generations with respect to economic, social, environmental as well
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ICTs are Core Enablers of Frontier Technologies.
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The disruptive potential of frontier technologies
provides cities with an unprecedented opportunity to
reinvent their approach to sustainable development and
align their development strategies with the Sustainable
Development Goals (SDGs).
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Cities, in particular, are at the centre of initiating policies that would steer
the world towards a sustainable path. The proportion is expected to reach
68 per cent by 2050.

The importance of making cities safer and more sustainable is

unambiguously reflected in SDG 11 "Make cities and human settlements

inclusive, safe, resilient and sustainable”.

With the support of the SDGs as a strategic framework, frontier
technologies can drive positive changes that would support cities in

reaching the targets within SDGs.
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Frontier Technologies
Market
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Artificial Intelligence (AI) Internet of Things (Io'I:): . . Digital Twin

Market

the global artificial intelligence
(AI) in marketing market was
valued at $11.73 billion in 2020,
and is expected to reach $82.70
billion by 2028, growing at a
CAGR of 26.58% during the
forecast period., Inkwood
Research

Market

IoT Analytics offers slightly
different figures, estimating the
number of IoT devices in use
worldwide by the end of 2020

as 21.7 billion. This will hit 30
billion by 2025, the analyst firm
estimates., TechInformed

Market

The Global Digital Twin Market
size is expected to reach $63.5
billion by 2027, rising at a market
growth of 41.7% CAGR during the
forecast period., KBV Research

https://www.statista.com/
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Latest market research report titled Smart City Market by Application and
Geography - Forecast and Analysis 2021-2025 has been announced by Technavio
which is proudly partnering with Fortune 500 companies for over 16 years,
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Unmanned Aerial Vehicle
(UAV) market

The Unmanned Aerial Vehicle
(UAV) market size reached USD
23.60 Billion in 2021 and is
expected to register a revenue
CAGR of 14.6% during the forecast
period., Marketysers Global
Consulting LLP

Wearable Technology

Market

The global wearable technology
market is expected to grow at a
compound annual growth rate

of 13.89% during the forecast
period 2022 to 2030. The global
wearable technology market size
was estimated at USD 121.7 billion
in 2021 and is expected to surpass
around USD 392.4 billion by
2030., Precedence Research

Virtual Reality/
Augmented Reality
Market

The global augmented reality
and virtual reality market size
was estimated at USD 41.56
billion in 2022 and is projected
to hit around USD 859.35 billion
by 2030, growing at a CAGR

of 46.03% during the forecast
period 2022 to 2030., Precedence
Research
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38. https://blog.re-work.co/top-10-cities-in-ai-2020/
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In focus — using Al to create cycling routes,
London
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A3t N2 AAA 4 e A HH 0 F 3 AHKeeping London moving - Transport for London, TfL)2 AlS

o1 g3t WE

intelligence-to-help-fuel-londons-cycling-boom/amp/

ST 4B A5 F AAE A gtk 40

Artificial intelligence to help fuel London's cycling boom - BikeBiz , https://bikebiz.com/artificial-

Cyclists in London
(Source)

Artificial intelligence to plan new cycle routes trials

begin in London | Traffic Technology Today , https://www.
traffictechnologytoday.com/news/vulnerable-road-users/
artificial-intelligence-to-plan-new-cycle-routes-trials-begin-
in-london.html#prettyPhoto
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Journal / London going
Dutch on a bicycle...

https://www.academyofurbanism.
org.uk/journal-london-going-
dutch-on-a-bicycle/
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Deep Learning-Based Water Quality (@) ' S g |

Retrieval in an Impounded Lake
Using Landsat 8 Imagery: An
Application in Dongping Lake

o] A= AHTEAT w2 LHEA (=2
FFE TAS)E st 712E AT,
otz o2& AHEst] eH=d, 2HY,
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Maps for the estimated water quality variables for Dongping Lake on,
https://www.mdpi.com/2072-4292/14/18/4505/htm
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DATA

000 000OGOOGOOIOSIODS

MODEL

000 00O0OGOOOIONOO

APPLI-
CATIO

Data - Satellite Data,
In Situ Water Quality
Observation Data

Landsat 8 OLI is one of the most
commonly used satellites for water
quality monitoring.

A system of physicochemical indices ]
according to the GB3838-2002 standard,
including Chl-a, BOD, TN, CODMn,
NH3-N, and TP, were obtained from the
local government of Shandong Province.

Method - Preparation
and Processing of the
Satellite Imagery, Feature
Extraction, ConvLSTM-
Derived Water Quality
Estimation, Statistical
Analysis

Evaluation and Regression
Results of the ConvLSTM

Model, Water Quality R O

Retrieval for the Landsat 8
OLI Images






29 Open Standard Interoperable Smart City International Standardization for Smart City Interoperable Reference Architecture 30

The Internet of things

IoT and a connected city : - | " ; = 3 27
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Improving City Efficiency
using IoT

IoTE 0|88t =A| 24 7Y

FAPATIE Sl A EAlo] A oA AT 4 Stk w2t F)xpet e o

IoT= BEUHY 75 F3sHL, 1 Al2HY E284E ol0, =A| AH|& ¥4
123 =24 7I2 S g2 /1= 7\1%?%‘ AR ELQAFE M A= A3
i

Agstel B2Ae) AR AL 29
ek

IoT M&e= 249 &
e g AT 2

Open Standard Interoperable Smart City

T
=3
S

> e OHH o

< AT JFRE 0§ E%

)

ol A=A, AR 7 B8R Ee BT AR o diR At

EIAEL ANfEZ S ALSSAY WA AFRAO] Azl FAT-S HHA WA =
ARt & 4= QAL Tof Wt o] FAIZES IS 4 Qiok

IoT sensors also allow
City Administrators
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consumption
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percent of global
carbon emissions
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Utility companies
can leverage Big data
analytics to gain
insight
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In focus — the smartest building in the
United Arab Emirates — the Burj Khalifa, Q0
Dubai

25 .
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Buildings are

accounting for almost

emissions.

Sustainable Platform Algorithms
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Internet of Food and Farm 2020

'I"'h_;e_'projéct Internet of Food & Farm 2020
(_IQI"'__Z___(I?_ZO) explores the potential of IoT-
technologies for the European food and

 farmingindustry.
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The IoT European LSP Projects, https://european-iot-pilots.eu/project/
iof2020-architecture/
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USE CASE CATALOGUE

Trial 2 - Dairy farming
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Digital twin Digital Twin and Cities
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A Ed 3849 S7H= AR 7119 S7tol = G et AE E A2 20191 389 2204 2025 3589
222 gAstelet o E

HAE EA9) g2 20025 E AR TE T2 3D RS B AFsta A 7Hs 5 T A2 1oT9
LRI 71T =X £ HAE ELS a0l ¢ B4 o 9 B E4E FAE = ok Ty gAE EdE
st o] 7]e& B85t tAE AeE FXst=tle A3 ofFeol Atk F8 A F shs =AY 22
= X 7HE HeE& BAdshe ©l 2agt HolHE FE5h= Zolth tlo|E AY 2 (Data Silo)= FF 7%
e Al2goly o edd =24 AlAgdf HE o it oj2dt 73 AFE Al2F | HolHE AAA 7t
HE3C 2 s 7MY EAE BASHE AL ol ZE=ALVEE = kA

AAR o =2 Egslrh ZekA o] 2| i E 2Z(Rennes Metropole)—%
AA A& 28 8h= dAE 3D B S WL oH, EAl= o] & AHE-5Ho
P A S o] ARE &F BT, AEof u|R]= T IHAY] Gl
o| 27|74 =A] A AN AdstaL Qlrk A7) S 715 WSk
A Astetal Ay A a&AdS fAsaLA A H 29 HAE
EdS HAEF A4Y7)= HAE EUE B3l HEY @47](Virtual
Helsinki)Z}al E2|-9-& T3 219 52 9] Fo)4 A 7H) FolE
NEFTE AHEAL AF AAEA] EA9 ZE BF Y5 RS &
Q=S IFA 3DE EAS AAFTE7 F 2 Q=9 ¢tegt ZatH|A|
(Andhra Pradesh) A= 652 @215 FASHY ad =42 tAE
EdT A 2L 5 52 ottt El(Amaravati) & 3]
NAe7|2 BB 9 o] of AR T RAEL AL ZR2NAE
AXZEe 2 BUEPsta, 7|5 Wt B AlEYold, 79 A4, 4
9 WF A4S s, AR FE, JEYA AT S Rt
249 QS & YA E EY AHEA D AAE e H HAE EYS
&8ot= A BF o2 gtk

The digital twin of Amaravati, a smart city being built in India
The rise of digital twins in smart cities, https://www.
smartcitiesworld.net/special-reports/special-reports/the-rise-of-
digital-twins-in-smart-cities

Digital twin technology aims to put sustainability at the heart

of smart cities, https://www.smartcitiesworld.net/news/news/
digital-twin-technology-aims-to-put-sustainability-at-the-heart-
of-smart-cities-4088

Rennes experiences its sustainable future, https://www.
smartcitiesworld.net/news/news/rennes-experiences-its-
sustainable-future-2321
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- H3Yd 43](Virtual experimentation): {3d A7l E2=
7Hd Aol AHEE 4= Utk Al & E01, 3G/4G HEY 29
% oI 2ASHT, vioket Polo] WA A2teke
Alg3t, 3D A oA AT 4= e F9S
EASHE AL % 9ok
- W3y gl AEH|Y(Virtual test-bedding): HjFY A7lZ 2
Al Al D JES Al HIAEHE EAFL 2 ALES
Stk 1% o] w2 A7EE Yol ofu] Hu7} wehe
Az A2 510 3D mAL AFgsto] A o] W7
RS AT 25 duE ZEdstaL AlEdold & 4= Slth

f
4>

<t
o]

« A8 W 9JAFZAA(Planning and decision making): %53t
tloly $S 2e #Fd Artx=as 24 °H%ﬂ7ﬂ°lﬁ(°ﬂ:
W)y sl et AR H o)1 FE EAFI Al

5 559w ol RS LA 19 92 A
Ut} of2 et 5§ T2 72 FE(Punggol)?] ol
spaA e el 28 AR e wA] EY T § it
&=L 2 7@k (Research and Development): H5Y A} 7132 2 9]
FHeHloly 22 F et AN ko] e At
AFUEl AFH 2N AFAESo] MEL 7IE0IH 752
HAISHL A e Gk o] AN 22 3D B4 mAS
RSOl A 3D =S ML ¢ e SRR 718 E

Az etk

El

»

I

39 YEES B3 B4 oHBARE FH Lz A

B4, oaba3, ofoltiel W WY HlAEMYS 9lat X2
BN F2H AFW AMo|ES BET 4 Uk A, AT,
7149, A7 ARYE @ St BE W3 YEEe dee
ke

Virtual Singapore - Building a 3D-Empowered Smart Nation, https://
www.geospatialworld.net/prime/case-study/national-mapping/virtual-
singapore-building-a-3d-empowered-smart-nation/
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| Singapore

Virtual Experimentation

Virtual Singapore can be used for virtual test-bedding or
experimentation. For example, Virtual Singapore can be used to
examine the coverage areas of 3G/4G networks, provide realistic
visualisation of poor coverage areas, and highlight areas that can

be improved on in the 3D city model.

| P -
1 ¥ Virtua
Smgapore-

Virtual Singapore, Virtual Test-Bedding
https://www.nrf.gov.sg/
programmes/virtual-
singapore

Virtual Singapore can be used as a
test-bedding platform to validate the
provision of services. For example, the
3D model of the new Sport hub with

semantic information within the Virtual

Singapore could be used to model and
simulate crowd dispersion to establish
evacuation procedures during an

emergency.

WAL st 11w

Planning and Decision-Making

With a rich data environment, Virtual Singapore is a holistic and
integrated platform to develop analytical applications (i.e. Apps).
For instance, an app could be developed to analyse transport flows
and pedestrian movement patterns. Such applications would be
useful in non-contiguous urban networks such as our parks and

park connectors in Punggol.

Analysis on Potential for Solar Energy Production

Data such as height of buildings, surface of the rooftops and
amount of sunlight are available in Virtual Singapore. This

allows urban planners to analyse which buildings have a higher
potential for solar energy production, and hence more suitable for
installation of solar panels.

Further analysis can allow planners to estimate how much solar
energy can be generated on a typical day, as well as the energy
and cost savings. Virtual Yuhua has demonstrated that by cross
referencing with the historical data collected from neighbouring
buildings, this analysis can be validated and seasonally adjusted to
reflect an even more accurate and granular projection.

Singapore's data-driven
identical twin

5 things to know about
Virtual Singapore,
https://www.tech.gov.
sg/media/technews/s-
things-to-know-about-
virtual-singapore
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Unmanned Aerial Vehicles/Drones
Overview on drones
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Humanitarian
drones

ull

USD 32.4
billion

Enhancing urban monitoring

and mapping using drones Sowing and

Plantation

Field Analysis
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Spraying and
Irrigation
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Ege 290 7 etk

1. 918 2 EAEZ % (Hazardous and toxic material leaks): A9t S5, Wd4 14 B 34 2259 F$-
JB SR Y FE0) WA 5 Ukl AikH 02 sya, BB, PAL, 3 % B A<l CBRNE
CBRNES 417tet 2712 2ol 2507 9 B0 Azket 91912 Zeeheh 22 Wilate] 248 Wi,
Sl $EE SISl A e AP FAU AE ABT S A5k FFAT UL AR B2 A
7% CBRNE % SRLjolth o 49 S22 AL 3-8 mUERSh e 75 2h3jo] Brhset A edol] £33
57402 Al S WA F e Aeshhe o Fag AU A

2. 3491 As(Natural disasters): 321 237} 1 7 WAlakel 3D g 9 Ak 98 Aot} A2 A2 E

1

> cgs
S9low, 75 BES 2P o AT 5 9k T YRS LT AT 5 ek vl go] gol
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w3 5h= dl AHE-E ATk

3. =3 714} 27 (Extreme weather conditions): & @ XA ¥} -2 APHL FF 7]& ¢z
Az g S £ 4 Utk E22 Axbo] 71l S1AE el mEE 4 glom] HEAE 3] $13)
SYE el ATt AFE HIsP] o HAY g8t 24w Bt o277 2AAAY
oY 4= ek WAL O] Y|Z[EF A7LE-5 BEHo| =5 BE S W vieS FAsts S A ARE =82
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20184 118 A2 ZUjot= AL 7P SA A o) Bt ARl 4HE-S - Rt 3= 150,000 olo]A7L H=
32 HE 1 18,0007 0|49 T2 E-L 5}k F w5t v]sh1659) Pl 2 FALHICE Fol = 8ol
%% AT vHefrhol &, F59- 9 0 S 2ot ARyl 5= ] 9] vhai EAIES ST WEiE

Qglon] shetrhol i A0 ¢hs] uhv|E|gicos

TEEF EE2AE FE B85S U $8% 98 ok SHeYe 57 S F7] §I9 UAES

Apgoto] ARG BAL T3] S wg R 167 Bl FFU FRYo] s007] o] 4] EE HHS
EHT shefrtol 2t uhgtelobel e 3 EA19] 78 7 o]4F o]u]x], 500GB o]4F<] Hlo|El & AT
Ao 2 AL

ofefgt Blo]El iz 4-Aah 2 2] A el A L T o] AFEYk AH olul A= A B, I,
BH) 29, Ae] ol B SA S A= 2 wakslol A3 theA-So] Q4sh] olele Jote Asim B
HeS SYsH ] £ Fh B 2 oln|xk A ofu| Mok 48 4§ 4 YES 360° o] 2
HebElol 42 o & ofalst Q1415 Fom ol HIHAR T8 w2l ol Rt § FAT S Pk
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T HEE A A5} A4 COVID-19 A+ €] 30% W
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2,750 F2 2 B71E| 3 Qlrk= WS Ak o, A=) AR
-8 A= THA =] ojof Fhrp100 101102 o] g} Ao A ERL
A% 2 vpol A Shik oA o Tedsto] Mgl 2o
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One of the growing applications for
UAVs 'is in agriculture. Drones are set
to revolutionise the operation of many
agricultural activities. Drones can: be
utilised ' for monitoring crops and-for
chemical distribution.

4= (Disinfection): EE2-2 M FAFA, 33 HHS
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Field analysis

Sowing and plantation Spraying

and irrigation Monitoring

Parameter evaluation

Infection and disease detection
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Wearable Technology

Overview on wearable technology
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Improving
health and
quality of
life using
wearable
devices
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WD-related health
management services (WDHS)
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WD-related assistant services
(WDAS) for the assistance of
police officers on duty
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WD-related sport services for
running exercise

WD-related multimedia
services for broadcasting
entertainment services
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REFERENCE ARCHITECTURE
loT EUROPEAN
LARGE-SCALE PILOTS
PROGRAMME - APPLICATION LAYER
B MONICA PROFESSIONAL / PUBLIC APPS
. SERVICELAYER
MONICA PROFESSIONAL AND PUBLIC APIS : g
o
Open-Air Event Common Ontology Data ONEM2M NSCL 3
App Services  Operational Pictures Repository ; —y =
o
HIGH LEVEL DATA FUSION AND DSS et s E:
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sensors

ACTIVAGE is building the first European interoperable and open IoT ecosystem enabling the deployment, at large scale, of a wide
range of Active & Healthy Ageing IoT based solutions and services. To achieve this, ACTIVAGE is integrating thousands of devices

to collect and analyse older adults' environmental and lifestyle information, identify their needs, and provide customized solutions,
ensuring users’ data privacy and security., https://www.monica-project.eu/the-magic-of-light-in-lyon-monica-at-fete-des-lumieres/#
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Virtual Reality/
Augmented
Reality

Overview on VR/AR

TSRS ZeH

VR/ARINL

=
o ol @ ox
- i

ol
2

9143 E_ot]tﬂ- — CIR
Z3 A4 g7 Zﬂ%lx
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VR/AR AA-S 2025E74] 7,6608] 2o 01%

AR and VR Market
is Set to Progress

at a CAGR of 73.7%
from 2020.to 2025

https://www.epnc.co.kr/news/articleView.
html?idxno=214885
'
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Enhancing Urban Planning
using VR/AR
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Significant market income loss caused
by COVID-19 was offset by government
financial support, but the poverty rate
of the elderly is still very high.

Vulnerable groups are
disproportionately affected by poor
nourishment and food insecurity.

Korea has a high UHC level among
OECD countries, but it needs to reduce
cata- strophic health expenditure and
increase the number of healthcare

workers.

Korea is witnessing a significant
learning deficit caused by COVID-19 and
widening gaps in academic achievement

between urban and rural.

Women remain underrepresented in the

economical and political fields.

Korea achieved a higher IWRM score

in 2020 than it did in 2017, but it is still
among the middle-to-low score groups
in OECD, and water stress level is high.

The share of renewables in final energy
consumption is increasing, but it is
among the lowest levels in OECD.

Alot of women lost their jobs amid
COVID-19, and deaths from industrial

accidents increased from 2019 to 2020.

The number of jobs almost returned to
pre-pandemic levels in 2021, and online
shopping transactions have grown dra-

matically.
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GOALS

Income inequality is on a steady decline,
but the gaps between Gini coefficients
based on market income and on dis-
posable income are the smallest among
OECD countries.

Those living in the capital area are
more likely to live under the minimum
residen- tial standards than their
counterparts liv- ing in other regions,
especially the youth and low-income

groups.

Packaging waste, including plastic,
has increased significantly due

to COVID-19, and domestic waste
generation per capi- ta is also on the

rise.

Emissions decreased in 2019 from the
previous year with the overall trend of
GHG emission growth slowing down.

Total amount of marine debris has in-
creased and the quality of seawater has
relatively deteriorated since 2018.

Forest loss is putting biodiversity at
risk, and the size of affected areas by
wildfires has significantly increased per
case as they are becoming larger.

Health service earned the highest score
in a survey on satisfaction with public
services, and both the state-public com-
munication and political efficacy were
improved.

Despite the GDP loss due to COVID-19,
global ODA reached an all-time high in
2020, but ODA as a percentage of GNI is
quite low at 0.14% in Korea compared to
other OECD countries.



