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Urbanization
A key future trend

Today 56% of the global population lives in urban areas

Share of the population living in urban areas (projected to 2050), 2019

Share of the total population living in urban areas, with UN Urbanization projections to 2050. Urban areas are defined based on national definitions which can vary by country.
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Urbanization
A key future trend

By 2050, 65 to 70% of the global population will live in urban areas

Share of the population living in urban areas (projected to 2050), 2050

Share of the total population living in urban areas, with UN Urbanization projections to 2050. Urban areas are defined based on national definitions which can vary by country.
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Urbanization
A growing challenge

Between 1900 and 2015, the
urbanized population increased
from 14% to 54% and is forecasted

to rise to 66% by 20350.

More than two-thirds of the world’s Cities generated 1.3 billion tonnes of
energy is consumed in cities, solid waste per year in 2012 and is

accounting for over 70% of global e expected to rise to 2.2 billion tonnes
CO, emissions by 2025.

Resource extraction Material consumption by the

increased 12-fold between world’s cities will grow from

1900 and 2015 and is ’ 40 billion tonnes in 2010 to

expected to double by ' about 90 billion tonnes by
2050 2050

SourceWorld Economic Forum, 2018ircular Economy in Cities: Evolving the model for a sustainable urban future 4



Characteristics of Future Cities: Sustainable peraRey
Sustainabllity is an important bgbmewhat uncertain issue

Global Energy Issues Monitor Critical Uncertainties

Uncertainty

. US policy

electric storage
. .commudl’ty prices
.5Ustain able (cit'e

A

W economic growth

selectricity prices
market design

China

. energy subsidies
energy efficiency
.’renewable energies

Need for Action

Impact

World Energy Issues Monitor | 2019 | World less O more
g'f | | urgent OO

The 42 world energy issues urgent

SourceWorld Energy CouncR019:The World Energy Issues Monitor 2019



Characteristics of Future Cities: Sustainable
Pathways to sustainable urbanization

Approximate
share of C40 Average range of 2030 emissions reduction
cities emissions Opportunity potential across city t\_.rpes,1 % of 2030 target2
0 10 20 30 40 50 60
Decarbonizing the electricity grid =0
j‘h Centralized renewables® —
0 ‘E} Distributed renewables® —
60%
Optimizing energy use in buildings L o
g& Mew build standards . .
@ Building envelope retrofits ———»
@. HVAC and water heating -—d
Q Lighting upgrades —s
Building automation and controls —
:::L,-: Enabling next-generation mobility ® ®
Transit-oriented development —
30 0/0 @ Mass transit, walking, and cycling —
MNext-generation vehicles
(shared, connected EV-AVs)
8% Commercial freight s
1 00/0 Improving waste management -—s

Source: C40 Cities, 20¥bcused acceleration: A strategic approach to climate action in cities to 2030



Characteristics of Future Cities: Sustainable
Global benefits of sustainable urbanization
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Total [ Decarbonizing the [l Optimizing energy B Enabling next-generation
electricity grid efficiency in buildings mobility

Emissions in 2030, MtCO.e (annual)
Average of six illustrative city types

2030 baseline’

With current trends
only (no city action)

Road map with

focused acceleration —21.8

214

Remaining
2030 emissions
2030 Deadline 2020 target

1 Assumes technologies and policies remain fixed from 2015

B Improving waste
management

56.3

0.

—13.2 65 28 39

2020 target consistent with COP21
Paris Agreement to pursue efforts to
limit the global average temperature
increase to less than 1.5C (relative to
pre-industrial levels)

Source: C40 Cities, 20¥bcused acceleration: A strategic approach to climate action in cities to 2030



Characteristics of Future Cities: Smart
Technologyenabled opportunities to achieve sustainable urbanization

: The Rise of
Smart Cities

S4008

The SMART City industry is projected

to be a 5400 billion market by 2020
Source: McKinsey

Urban centers are getting a tech upgrade

Until recently, a network with sufficient speed Recent advancements in Al enable analysis of
and scalability has not existed.. massive data sets

Very high
datarate /

5G networks have the speed and
scalability necessary to make city-
wide sensor networks feasible.

Lon? battery | Very low
lifetime latency

Sensors collect data City Al analyzes data Human operators interpret

_ analysis and draw insights
Source: CB Insights



Characteristics of Future Cities: Smart peraRey
Dataenabledopportunities to achieveustainable urbanization

| | | TN 1)) NETFLIX LINKEDIN

Data Is the lifeblood of a smartity i e s

A Over2.5 quintillion (1@8) bytes ofdata are —*SH"’S]]]] V- Ty 43_335556“
created every singl J
HETEase 79740 - S 473400

ABy2020, it’'s esti mat 1295611
will be created every second for every pers@REESE==rg R
on earth (~100 zettabyte€L0?) per year) U e

CALLS

—— USERS POST ——

49,380

SEARCHES USERS MATCH /' PROCESSES

02405 6653

— TIMES

SourcesDOMO, 2018Data Never Sleeps 6.0



Smart and Sustainable Cities of the Future ey
Global benefits

Commute time
¥ 15-20%
Time spent interacting with
Disease burden healthcare and government
¥8-15% V¥ 45-65%
Time and
Health convenience Fatalities
GHG emissions ¥8-10%
¥ 10-15% Crime incidents
Water consumption ¥ 30-40%
¥ 20-30% Environ-
n mental SETEIR LR ER
recycled waste uality time
v10-20% 4 ¥20-35%
T o
Social
connectedness and
civic participation
Citizens feel connected to ... Jobs Citizen expenditures
_... their local community Formal Y1-3%
A 15 percentage points employment
0
___their local A1-3%
govemment
A25pp.

Source: McKinsey Global Institute, 2038rart Cities: Digital Solutions for a More Livable Future 10



Smart and Sustainable Cities of the Future
Many opportunities to apply technology for sustainability
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o

ﬂ Security

Digital land-use and building  Predictive policing
permitting .
Open cadastral database .
Peer-to-peer accommodation
platforms

Economic Development and Housing
Digital business licensing and .
permitting

- Digital business tax filing .
- Online retraining programmes .
- Personalized education

- Local e-career centers

Gunshot detection
. mart

Economic
Development

&A
- Home energy automation systems
- Home energy consumption tracking
- Smart streetlights
- Dynamic electricity pricing
- Distribution automation systems

and

Real-time crime mapping

surveillance .
- Emergency response .
optimization .

«  Data-driven building
inspections

- Disaster early-warning systems

Personal alert applications

Home security systems

Crowd Management

Energy

o : Housing
Building automation systems

ifi* Engagement and Community

=

B

=

Water

Water consumption tracking
Leakage detection and control
Smart irrigation

Water quality monitoring

Engagement
and
Community

Local civic engagement applications
Local connection platforms
Digital citizen services

]

J

®

- Body-worn cameras
Important

Waste
Digital tracking and payment for waste disposal
Optimization of waste collection routes

Healthcare

Telemedicine .
Remote patient monitoring
Lifestyle wearables .
First aid alerts

Real-time air quality information
Infectious disease surveillance .
Integrated patient flow
management systems

Online care search and
scheduling

Data-based health
interventions: Maternal and
child health .
Data-based health

interventions: Sanitation and .

hygiene - Congestion pricing

- Demand-based microtransit .

information .
igital public transit payment .
utonomous wvehicles .
Predictive maintenance of .
transportation infrastructure

Intelligent traffic signals .

Applications
& Mobility |
« Real-time public transit .
- A

Smart parking

E-hailing (private/pooled)
Car sharing

Bike sharing

Integrated mutlimodal
information

Real-time road navigation
- Parcel load pooling

Smart parcel lockers

11



Smart and Sustainable Cities of the Future
Context Is essential
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UNDERDEVELOPED
URBAN CENTRES

KEY FACTS
| @@@ LOW POPULATION

(& LoW GDP/CAPITA

ﬁ <0 MEDIUM/LOW POPULATION
DENSITY

OTHER FEATURES

@ DEVELOPING COUNTRIES

(| OW.DENSITY SUBURBS, RADIATING
nilll  oUTWARDS FROM THE CENTRE

ﬁ SMALL LIVING SPACES AND LIMITED
ELECTRICITY USE

DOMINATED BY WALKING, BIKING
%> AND SCOOTERS DUE TO POOR
TRANSPORT INFRASTRUCTURE

O INDUSTRY DOMINATES,
= HOUSEHOLD ENERGY USE LOW

COMMON TO HAVE A FEW LARGE

//./ MANUFACTURING COMPANIES
THAT EMPLOY THE MAJORITY OF
RESIDENTS

Source: Shell, 2014tew Lenses on Future Cities

DEVELOPING
MEGA-HUBS

KEY FACTS
ﬁm HIGH POPULATION

(8 LOW GDP/CAPITA

Qﬂﬁ LOW POPULATION DENSITY

OTHER FEATURES

@ LOCATED IN DEVELOPING
COUNTRIES

DENSE LOW INCOME HOUSING
AN cLOSE 1O CENTRE, WiTH MORE
AFFLUENT HOUSING AT PERIMETER

Q MEDIUM SIZED LIVING SPACES

—» UNDERDEVELOPED PUBLIC
TRANSPORT REQUIRES ROAD TRAVEL

GENERALLY MODERATE ON A
O PER CAPITA BASIS, EVENLY SPLIT
= BETWEEN HOUSING, TRANSPORT
AND INDUSTRY

MIXED ECONOMIES ACROSS
SERVICES, MANUFACTURING,
AGRICULTURE, AND/OR TOURISM

12



Smart and Sustainable Cities of the Future d-tustaols
Context Is essential

SPRAWLING URBAN
METROPOLISES POWERHOUSES

| HONG KONG, CHINA

KEY FACTS OTHER FEATURES KEY FACTS OTHER FEATURES

@ LOCATED IN DEVELOPED ECONOMIES @ I'glAANl:I(DHLglCEAPﬂEgIEJLSOPED ON

hd
(3 HIGH GDP/CAPTA POCKETS OF DENSITY IN ()  wicH GDP/CAPITA

~ .-.ﬂn DOWNTOWN AREAS, BUT
o
fls) Low POPULATION DENSITY EXTENSIVE LOW-DENSITY SUBURBS Q"’Q HIGH POPULATION DENSITY

{7} LARGEHOMES

() DENSELY POPULATED cORE
n il witd susures

{;} DENSE, EFFICIENT HOUSING

|
I = 1 R EE ROAD NI DRES | G5 IRANSPORT, BUY CONGRSTED —_ EXTENSIVE ROAD NETWORKS
THAT INCENTIVISE CARS ROADS | 1 THAT INCENTIVISE CARS 1
I —— S —— e e e —— e — -
()  HIGH ENERGY USE DRIVEN BY ()  HEATING AND COOLING TAKES UP IOUSING AND TRANSPORT
Y HOUSING AND TRANSPORT Y LARGE SHARE OF ENERGY USE DOMINATE ENERGY
HIGH VALUE SERVICE-BASED DOMINATED BY SERVICE SECTOR
/,./ ECONOMIES WITH INDUSTRY IN CENTRE AND SOME SPECIALISED
LARGELY PUSHED OUT OF THE CITY AND HIGHLY SKILLED INDUSTRY
LIMITS OR OUTSOURCED ELSEWHERE BORDERING CITY

Source: Shell, 2014tew Lenses on Future Cities



Future Cities in the United Arab Emirates (UAE) Ty
UAE context

Prosperous

Abu Dhabi

oil exports and commerce

8N : 2 ' o A - ‘ ~- - Tt
» ) G \ 7 . % ’ h #* - e e a ate
7 . 7 o »> =, Abu Dhabi, the capital of the United Arab
/ g 2 ; » e I { Emirates, sits off the mainland on an island
/, d ’ / " & in the Persian (Arabian) Gulf. Its focus on
o N : Sy % -

KEY FACTS OTHER FEATURES
ﬂlll’ll LOW POPULATION l::-?' DEVELOPED REGIONS

HIGH GDP/CAPITA . POCKETS OF DENSITY IN
-l [l DOWNTOWN AREAS, BUT

MEDIUM/LOW POPULATION EXTENSIVE LOW-DENSITY SUBURBS

DENSITY
"TI' LARGE SPACIOUS HOMES
~—.  EXTENSIVE ROAD NETWORKS BF N v ST o
o—0'  THAT INCENTIVISE CARS s P e S tinthe une .
IC._:I HOUSING AND TRAMSPORT : : ’ % 7 § R N 7 onuite scene. g
" DOMINATE ENERGY USE ‘ W\ :

OFTEM CREATED AROUND
/ SPECIALISED INDUSTRIES WITH
/! A FEW LARGE COMPANIES THAT
EMPLOY MAJORITY OF RESIDENTS

14



Smart and Sustainable Cities of the Future
Sustainability is undeniably important for the UAE
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Uncertainty

UAE Energy Issues Monitor

Critical Uncertainties

. cyber threats

Ii obile cloud
. economic growth
.' commodity prices

innovative transport

igitalisation
ustainable cities
6 .energ’wr efficiency
¢ o~
‘renewable energies

Need for Action

World Energy Issues Monitor | 2019 | United Arab Emirates

The 42 world energy issues

SourceWorld Energy CouncR019:The World Energy Issues Monitor 2019

Impact
less O more
urgent OO urgent
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Smart and Sustainable Cities of the Future

Smart city technology deployment is a major opportunity for the UAE
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Higher -Income Cities are Generally Further Along in their Smart Cities Journey

Combined score (maximum of 110 points)

75

70

65

60

55

50

45

40

35

30

Shenzhen New York City @ ® Singapore "
@ .
Beijing . o Seoul San Francisco 2
Shanahai Los Angeles w
anghail Chica ° o
: ‘endon @ Seattle

Hong Kong MIslln. (2)
Helsinki ® Dubai ,’ Moscow @ Amsterdam =
® ® Vienna ™ Stgckhetm @ Boston 3:'
Barcelona ® Paris P TS =

@ Yinchuan \
Copenhagen 1o0nt0 l/ e \ =
Sangagu ® Sydney @ Hamburg \Abu Dhabi ]
i @ Séo Paulo Melbourne =
Mumbai @ Auckland Q Tel Aviv Se? O
Cape Town ; o

. ® \. @ ® Santander Berlin
Jag}ur pune T Mexico City ® Buenos ® Bristol
Medellin .. ®Bogota ® Alres Mo Tokyo
Rio de Janeiro Bangkok Jakarta
@ Nairobi
@Lagos

‘ ‘ , ‘ , ‘ ‘ ‘ ‘ , ‘ ‘ ‘ , ‘ ‘ —} , ‘

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 100 105 110

GDP per capita, 2015

$ thousand

@ Afica @ Asia-Pacific @ Europe @ Latin America @ Middle East @ North America

Source: McKinsey Global Institute, 2088rart Cities: Digital Solutions for a More Livable Future

The cities deploying the greatest number of applications
overall are moving forward in all domains
Los Angeles 345
New York City 345
London 34.5
San Francisco

325

Singapore 32.0

Shenzhen 31.0

Moscow 305

30.5 I

30.0

1 Dubai

e o o o o o e e

Chicago

Amsterdam 30.0

Austin 29.0

Seattle

1 Abu Dhabi 28 I

Lo o o o o o o o o e e e e e e e e e e e e

Beijing 27.0

28.0

Boston 27.0
Hong Kong 26.5
Shanghai 265
Mexico City 240
Yinchuan 20.5

0.0 5.0 100 150 200 250 300 350 400

Deployment of smart city applications
(Maximum of 55 points across 5 applications: Mobility, Security, Utilities,
Healthcare, and Economic development, housing, and community)

R POTENTIAL INCREASE
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R&D for Smart and Sustainable Cities in the UAE s
Khalifa University R&Blrategy

4= “\/erticals” focused on multidisciplinary sectors aligned with UAE and Abu Dhabi priorities ==

Hydrocarbon
Water and Exploration
Environment and
Production

Clean and
Renewable
Energy

Supply Chain

Health isti
ealthcare and Logistics

(Aero/Astro

7

”Horizontals" s _cross-cutting critical enablers in which KU has compt€titive advantage
\ /.

Robotics, Artificial Intelligence (Al) and Data Science

Information and Communication Technologies (ICT)

Advanced Materials and Manufacturing

Solid fill represents current research strength and no fill indicates areas being developed 17



R&D for Smart and Sustainable Cities in the UAE
KhalifaUniversity R&Desearchcenters
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Clean and Renewable
Energy

Water and Environment

Hydrocarbon Exploration

and Production Healthcare

Aerospace (AerofAstro)

Supply Chainand
Logistics

* Research Center for
Renewable Energy
Mapping and
Assessment

¢ KU-Alibaba Joint Lab of
A.l. Clean Energy

¢ Advanced Power and
Energy Center

e Nuclear Technology
Center

e Sustainable Bioenergy
Research Consortium
(SBRC)

e Center for Membranes
& Advanced Water
Technology

* Research and
Innovation Center on
CO, and Hydrogen

* Gas Research Center

e Center for Catalysis and
Separations

e Khalifa University
Center for
Biotechnology

¢ Healthcare Engineering
Innovation Center

* YahSat Space Lab

* Aerospace Research

and Innovation Center
(ARIC)

e Research Center for
Digital Supply Chain and
Operations
Management

Robotics, Artificial Intelligence (Al) and

Data Science

&

Information and Communication

Technologies (ICT)

Advanced Materials & Manufacturing

<C

-- Black bold indicates sponsored centerglue indicates internallyawarded center

New Institute for Al and Intelligent Systems (2019 Launch)

e KUJ Center for Autonomous Robotic Systems
e KU Center for Cyber-Physical Systems

¢ System-on-Chip Center

» KU-KAIST Joint Research Center

¢ Emirates ICT Innovation Center (EBTIC)
¢ Center of Excellence on Integrated Photonics
» Center of Excellence on RF/5G Communications

* Aerospace Research and Innovation Center (ARIC)
¢ Advanced Digital & Additive Manufacturing (ADAM) Center




R&D for Smart and Sustainable Cities in the UAE ot niec
Moving from R&D to demonstration and deployment

> Collaboration >

; Knowledge Development > Technology Development ; Business Development >

TRL1 TRL 2 TRL3 TRL 4 TRLS5 TRL6 TRL 7 TRL 8 TRLY
( 1 ] ] \ | ]
| | |
Research to prove Technology Pilot plant
feasibility development and scale-up

Basic research Technology Market launch and
demonstration commercialization

4l a0l Partners

Khalifa University

« University research institutes and centers undertake focused research up to technology demonstratiol
(TRL 4/5) and also support stanp incubation

« University + Partners span the entire R&D and innovation spectrum
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F Ut u re C I ty E n e rgy Manar (A Jnfi-\m h n !’ " Research Center 730:'@ %%" m:;:r?ilt?l
INSTITUTE w 'for Renewable Energy ;;: 5.

Resource forecasting and managem: ore = Q. Veping and Assessment NV
A Part of Khalifa University of Science and Technology "~ A Masdar Institute research center 0“’.’/3-01\)\&\

Artificial Intelligence (Al) Lab for Renewable Energy Management

SRS — g 7 L ° ° ° °
STELTE  WONTHLYAND' S g Climate Monitoring and Forecasting System (REMS)
TNURMALjﬁFﬂ@@» = f ) P j
o d Launched November 2018 at Launched February 2019 at
s asuaUall o cllodlaivao YW\
. 4 ': "3‘ 3l K:A:CARE G312 i ollgd_ yji I v

MINISTRY OF CLIMATE CHANGE
& ENVIRONMENT

. SATELLITE
“f GROUND STATION

® s
.

GROUND

_aa’s MEASUREMENT " REAL TIME

STATION MONITORING : . .




Future City Energy
Electricity grid flexibility and manageme

n@( Advanced Power and Energy Center

j’ Khalifa University
Research Center
for Renewable Energy

Mapplng and Assessment

/-\ Masdar Institute researc h center

Renewable Energy Management System (REMS)

ESS
REMS
Control
System Load O Unit Renewable
Grid Tgpmggy@ Generation
Weather Data @ I
Dispatching Algorithm
REMS .
C—| Prediction Algorithm
Interface —) [
REMS Ancillary Services
Server Algorithm

Communication Bus:

émmmmm |nput
mmmmm) Output



Future City Transportation and Healthcare
KUKAIST Joint Research Center
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Smart
Transportation

J

o o I I

Autonomous Vehicles
Infrastructure for Autonomous Vehicle Operation
Wireless Charging for Electric Vehicles

Infrastructure for Electric Autonomous Vehicles

1

Smart Healthcare

S

o I

Sensor and Wearable Devices for Personal Healthcare -~
Healthcare Robotics
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Future City Cross-Cutting Technology Platforms
Cyber Physical Systems and Robotics

)ﬂ( Center for Cyber Physical Systems (C2PS) )ﬂ( Center for Autonomous Robotic Systems (KUCARS)

Communication ] SR
----- H | Object Object
(( )) /J Detection Recognition
| A “
A0 Analytics/Al
ool

security Architectures

Intelligent devices




Future City Safety e
Skyscraper firefighting

The World’s Tallest Building: Burj Khalifa (Dubai)

\‘\'}‘ )ﬂ( Center for Autonomous Robotic Systems (KUCARS)

CLASSIC APPROACH KUCARS Drone Approach

.

2
:"‘ —. 2y
T N REACH 300M in 6 MIN JECICRIS

< 2 hoses attached to drone:
+ water supply
+ electricity power
(ensures endless flight time)

24
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Future City Construction
Multiple opportunities for transformation

Cloud &
real time
collaboration

Pre-fabrication &
modular construction

monitoring

- .

l"’ ~‘\\

4 Advanced 2 T AT A ATATavA U & connected
| building Augmented equipment
\ . materials reality & -

wnualtzatlon

—————

3D scanning &
photogrammetry

7 a

Building 10
Information
Modeling

3D printing & . \
-

%{ additive manufacturing

predictive
analytics

s

SourceWorld Economic Forum, 2018



Future City Construction
Materials for sustainable infrastructure

Graphene is a “2D” material that offers a unique
combination of properties for potentially revolutionary new

Masdar §:§ technology solutions

A MUBADALA COMPANY

The University of Manchester

Graphene Graphene Oxide Reduced Graphene Oxide
Graphic Source: R®Qblishing Royal Society of Chemistry

Industry Example: Concrete

Initial studies havehown
= R A Improvementsin the mechanical performance of a graphene
= B\ modifiedcementby 40% (tensile and compressive) and 60%

ﬂl,qﬁ e f;'-!”“i;ll\l'g (flexural)
e/ A= L9 A Smultaneouslyoffering superior thermal and chemical stability
ultra-low loadings of graphene oxideQ©5wt%)

£ X
< BN L
E———
e

& o N e =
e e : ——

Masdar B‘_‘“di“_g _ U Using0.05% of graphene materian potentially reduce around 50%
_/_'IOTE Of:]hecg(g;%phene Engineering Innovation Center of the amount of materials required to makencreteleading to a
u Launche significant reduction of 446 kilograms per ton of the carleomssions

U Graphene and 2D materid&&D andechnology scaleip



Smart and Sustainable Cities of the Future o ant
Thepath forward for smart and sustainable growth

) PROSPEROUS |
{I
HicH COMMUNITIES | SPRAWLING
METROPOLISES
URBAN
:: POWERHOUSES
- - Transition to y

Urban Decline Megacity

m Low density
m Medium density
High density /\—‘

Bubble size indicates number of cities

Industrialisation
& Modernisation

Controlled
Urbanisation

Late Stage
Development

UNDERDEVELOPED
URBAM CENTRES

DEVELOPING
MEGA-HUBS

‘ Slum Proliferulinn>
&

LOW
GOR/CA

LOW HIGH
POPULATION POPULATION

Source: Shell, 2014few Lenses on Future Cities 27



Smart and Sustainable Cities of the Future s vy
Thepath forward for smart and sustainable growth

Efficient use of low-carbon
High Clean Energy Deployment  energy in buildings, transport
and industry

m Low density
m Medium density
High density

Bubble size indicates number of cities

Smart and Sustainable

High
Quality of Life

Low Clean Energy Deployment o8






