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» (Un)sustainable Consumption

» Disruptive And Digital Innovations
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1. Trends in Digital Innovations
d What Is Digital Innovation?

* OECD (2016, p. 13)’s report suggests that digital innovation should be
understood:

* in a narrow sense, as the implementation of a new or significantly improved ICT
product, i.e. ICT product innovation; mainly occurs in the supply side (i.e. the ICT
producing industries);

* in a broader sense, as also including the use of ICTs for the implementation of a
new or significantly improved product or process, a new marketing method, or a
new organisational method in business practices, workplace organisation or
external relations, or simply put as /CTenabled innovation. |CT demand side
(across the economy)

Dr. BEN KHALIFA Adel 5



1. Trends in Digital Innovations

O Examples of Digital Innovation

Top Trends in Digital Innovations

Big data /
advanced
analytics

Cognitive, self
learning
systems / bots

Virtual
modeling /
simulation

Virtual
00
2C4 workplace /

~ workplace 4.0

eLearning
a

. 1, Collective
Connected an  Augmented Additive 9 ..
((.)) things ? manufacturin ! inteNgonce
\-/ reali ¥ :
§ ~ o 6 asas crowd sourcing
y v v

Integrating and Autonomous systems Virtual model for all Digitization of work Digitally enabled
comprehensively using algorithms to real-world elements (e.g. place objects to allow development of

analyzing / interpreting
multiple internal and
external data sources

Connecting traditionally
analogue devices to the
internet / other devices

Source; Arthur D, Little

enhance their
capabilities over time

y

Enhanced visualization
and decision-making in
highly complex
situations

processes, assets) used
in simulation and
modelling

models us
of poss
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Instant physical
reproduction of 3D-

for a remote and
context-based form of
working

ing a wide range
ible materials

individual skill sets and
facilitation of behavioral
change

Gaining insights from the
aggregated intelligence
of many internal/
external individuals



1.Trends in Digital Innovations

bBillons

J Broadband

Individuals using the Internet, 2005-2019*
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An estimated 4.1 billion
people are using the
Internet in 2019,
reflecting a 5.3 per cent
increase compared
with 2018,

Between 2005 and
2019, the number of
Internet users grew on
average by 10 per cent

BVery year.

16.8%

2005

53.6%

2019

The global penetration
rate increased from
nearly 17 per cent in
2005 to over 53 per
centin 2019,

In recent years though,
global growth rates
arenotasahighasa
decade ago because
some parts of the world
are reaching saturation
levels.



1. Trends in Digital Innovations

] Networks

100% 1

* ¥

Diffusion
F-N
2

| —Digital Energy networks

Future of digital networks diffusion

= =Digital Health and Sanitation networks
=== Digital Transportation networks
--==Digital Communication networks

2010 2020 2030 2040 2050
Year

www.twi2050.org
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1. Trends in Digital Innovations

O  Artificial intelligence

Patents in artificial intelligence technologies, 2000-15

Number of IP5 patent families, annual growth rates and top inventors’ economies

I Artificial intelligence (Al) patents
Al patents (right-hand scale)

= = = Total patents (right-hand scale) Hl 2010-15 B 2000-05
Nurmber of patents Annual growth rate (%) Top inventors' economies in Al patents
20000 - 40
JPN
17500 35 KOR
15000 30 LISA
12 500 25 EU28
10 000 20 CHN
TWN
7 500 15
6 DEU
5000 10 FRA
2 500 § CAN
. . : IND
R LR S R N RN R, AR
T AT T TSP S PO PP

Source: OECD, 5TI Micro-data Lab: Intellectual Property Database, http://oe.cd/ipstats June 2017, StatLink contains more data. See chapter notes.
StatLink W http.//dx.doi.org/10,1787/888933616978
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1. Trends in Digital Innovations

(] Robot Revolution

*¢* The number of industrial robots is increasing rapidly across the world

Global stock of operational robots

Units {rmillions)

3 Actual Progected
6O ; //

S e — ]
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2 : e
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o E— =
2007 2010 2013 2016 2019 2022 2025 2030
e A2 a] Zlobal opsrational stock —— Baseline prosecton AQBressive propection - W prQfectine

: International Federation of Robotics; BCG analysis,
jote: Market size fs estimated from an evaluation of jobs within U.S. industries that may be automated, and the estimate s then extended t¢
| manufacturing outout by industr.
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2. How Digital Innovations Will Help To Achieve The SD In Its Three
Dimensions?
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2.1. Digital innovations and economic sustainability

J Economic - ICT is good for business, creating new revenue opportunities and reducing

costs

Economic — Global economic benefits of ICT-enabled solutions (2030)

1 @
0.47Tr

24
E{)

©

W oaTr
'm_l 4.5Tr
1
e -+

> 4.9 Tr

35 % |

US. Dollars in ICT revenues from connecting the
unconnected

US. Dollars revenues realized by the ICT sector
across the twelve use cases analyzed

US. Dollars in sustainable economic benefits realized
by other sectors leveraging ICT (leading to total of
$11.4 trillion USD in economic benefits when adding
the $2 trillion USD realized by the ICT sector)

US. Dollars in additional revenues for use case
specific stakeholders (global figure from the 12 use
cases)

US. Dollars in cost savings™ for use case specific
stakeholders (global figure from the 12 use cases)

* Global result includes costs savings coming from translating to US $ the fuel, energy,
water and paper savings in the applicable Use Cases

Source. GeS| #SMARTer2030 — ICT Solutions for 21st Century Challenges —

Dr. BEN KHALIFA Adel
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2.1. Digital innovations and economic sustainability

1 ICT-enabled revenues and cost savings (USD trillion) ﬁ?,“!‘”}'ﬂeﬁ?f’?

Eight sectors will benefit most from ICT

ICT could deliver over $6 trillion in revenues... ...and close to $5 trillion in savings
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ICT sector . Stakeholders
Source: WRI, IPCC, Gariner, FAQ, GeSl, Accenture analysis & CO2 models
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Source. GeS| #SMARTer2030 — ICT Solutions for 21st Century Challenges —
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2.2. Digital innovations and social sustainability
#SMARTer2030

ICT Solutions for 21stCentury Challenges

d Social — Boosting incomes, cutting costs and improving lives

Social — Social benefits of ICT-enabled solutions (2030)

Global aggregated metrics Use Case-specific metrics
o 2.5Bn People gaining ICT o 1.6 Bn  People with access
D-[D access to E-Health
I_ll
9 254 Bn Hou!s saved across 0 450 Mn  E-Learning
@ multiple Use Cases i participants in 2030
— (secondary
education students,
higher education
students and
company training

participants)

Source . GeS| #8MARTer2030 — ICT Solutions for 21st Century Challenges —

Dr. BEN KHALIFA Adel 15



2.3. Digital innovations and environmental sustainabiIitXSMARTerZO?’O

ICT Solutions for 21stCentury Challenges

O Environment — Decreasing emissions and resource consumption
whilst allowing for growth

Environment - CQz abatement potential by sector (2030) Environment - COz abatement potential by use case (2030)

E-Health E-Learning

i E-Con:merce W 2% 1% E-Banking
12.1 3% - 3\/0 \ \\ j / ) » 0%
1 8 Connected Private
transportation
20 5%
20 Traffic Control & _~ Smart
‘ Optimization Manufacturing
6% 22%
S
Smart Logistics -
10%
Smart
Agriculture
17%
.. . . N
Mobiity' ~ Menw-  Agricutwe  Buldings  Energy  ICT-enabled St Epey Srartsuting \
facluring savings ¢ ik

1 Mability solufions consider [CT-enabled improvements to pivate and commercial mability and addionally consider the reduced need to iravel from various sectors,
Including health, leaming, commerce, elc.

Source: WRI, IPCC., Warld Bank, GeS|, Accenture analysis & CO2 models

Source. GeS| #SMARTer2030 — ICT Solutions for 21st Century Challenges —

Dr. BEN KHALIFA Adel
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2.3. Digital innovations and environmental SUStainabilit¥SMARTer2030

ICT Solutions for 21s:Century Challenges

1 Environment - ICT solutions can help cut 9.7 times more CO2e than they emit

Environment - [CT enablement factor (2030)

swarrer | (CTenavicd | 12 o:

2030 |CT-footprint 1.25

-

SMARTer ICT-enabled | ©. 10

2020

(2012 report) |CT-footprint 1.27 4@_.

SMART ICT-enabled [N 780

2020

(2008 report) |CT-footprint 143~ Cj

Source: Source: WRI, IPCC, GeSl, SMARTer2020, Accenture analysis & CO2 models

Dr. BEN KHALIFA Adel 17



2.3. Digital innovations and environmental sustainabiIitXSI\MR_I_m2030

1 ICT enables increased resource efficiency

Environment - Environmental benefits of ICT beyond COz (2030)

+900 kg crop yield increase per
hectare from Smart Agriculture

-25 billion oil barrels saved across
all sectors analyzed

-135 million cars reduced from total
installed base

-332 trillion liters of water saved
across all sectors analyzed

Source: WRI, IPCC, Gartner, FAO, GeSl, Accenture analysis & CO2 models

Dr. BEN KHALIFA Adel
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3. Digital innovations and SD: Eight sectors will profitmost | .. .

ICT Solutions for 21stCentury Challenges

| |

E-Health °~\__._|

F— 9%
E-Learning ---g
Smart ==
i ==
Smart
Home
Agriculture '.—.’,
Smart
Logistics

E-VWork

Smart
NMianmnua-
facturing

- #SMARTer2030 - ICT Solutions for 21st Century Challenges -

Dr. BEN KHALIFA Adel 20



3. Digital innovations and SD: Eight sectors will profit most

(J Future of E-Health E?!Y'”?'?Ieffo?f’?

Health- Future of E-Health: Technology vision for 2030 Health - Benefisfrom E-Health

i 1.7 Bn liters of 2114 Mn m2 of k
. " fuel saved from space released
‘ m g v transportation for urban use

D ! a Environment
M \ 4
- 0 M
© . ! |
Remote access Data generation DNA sequencing
to electronic and big data due to plummeting
patients’ health analytics costs will become '
records on smart enable automatic affordable for 66 BN US$ in cost 1.6 Bn potential E-
devices and use of processing and everyone enabling savings of Health
wearables and interpretation of e.g. gene therapy beneficiaries O
biosensors data for self- “ M
directed health / \
recommendations

- #SMARTer2030 - ICT Solutions for 215t Century Challenges -
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3. Digital innovations and SD: Eight sectors will profit most

O Future of E-Learning

Learning — Future of E-Learning: Technology Vision for 2030

Broadband
(> 50 Mbit/s)

égbih
+

Smart
devices

Online
community
platforms

. a80

Smart portfolio
systems

&
.

Advanced data
analytics

Gamification,

virtualization,
access to
computing

=

o

»

B

Fluid & collaborative

Fluidity across content and
institutions and enables
everyone to be both a
student and a teacher

Life long learning
Learning is no longer
restricted to school or a
course, but will be a
continuously monitored
lifelong process

Personalized learning

Data driven identification of
learning gaps allows for
fully personalized learning
and teaching methods and
experiences

Experience &
engagement
Engagement of students in
mastering content and
developing new skills

Dr. BEN KHALIFA Adel

Learning - The Benefits of E-Leaming

#SMARTer2030

ICT Solutions for 21stCentury Challenges

5 Bn liters of
fuel saved from

transportation

Economy

Q0

1,181 Bn US$

costs savings due to

the decrease in 0
expenditure per Q
student 0

- #SMARTer2030 - ICT Solutions for 21st Century Challenges -

4

Environment

=

91 Mn Tons of

N

paper saved

thanks to
electronic
books

¥

450 Mn
E-Learning
Participants

ST
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3. Digital innovations and SD: Eight sectors will profit most

O Future of Smart Building

Buildings - Future of Smart Buildings: Technology Vision for 2030
ICT Tools

Internet of
Things

SO
2o
ail

Smart
devices

Q

Monitoring, detection

and diagnosis

technologies

* Realtime & continuous
monitoring

» Data analytics & cloud
computing

» Sensor technologies
(e.g. uccupancy)

» Convergence of OT &
IT

Alarm management &

automation

» Data analytics tools

» Predictive maintenance

» Machine automation
and pattern recognition

Energy management

technologies

» Smart metering &
Sensors

» Demand response
technologies

Information &

communication

Platforms

* Dashboards &

customer interfaces
* Mobile & social

Impacts

Energy & resource
efficiency

Data analytics

Smart sensors,
Automation and
generation of actionable
information (reduces
energy use and resource
wastage)

Improved process
efficiency

Fully automated
maintenance

Building and energy
management solutions
integrated into wider utility
or city infrastructure
Predictive maintenance
and automation

Enhanced Living

Building environment
optimized for security,
safety, productivity,
reliability, health and
comfort

Real-time information
accessible remotely from
dashboard or user
interface

Dr. BEN KHALIFA Adel

#SMARTer2030

ICT Solutions for 21stCentury Challenges

Buildings - Benefits of Smart Building
3Bn 261.2 Bn lters of water

MWhof  saved from being
energy  wasted thanks
saved toefficient

¢ processes

\ ’

Economy

ol

@

360 Bn US$ in
costssavings 0

L/

37.6 billion )

% litres of waste

0 waterreduced
due to better ,

uses g

An enhanced living and
working condition ensuring
occupants’ comfort that

productivity for the
@dividual.

leads to enhanced
I

- #SMARTer2030 - ICT Solutions for 21st Century Challenges -
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3. Digital innovations and SD: Eight sectors will profit most
d Future of Smart Agriculture

Food — Future of Smart Agriculture: Technology Vision for 2030

Broadband

\J
Y

(> 50 Mbit/s)

S
+

Smart
devices

0

g8

(«@»)

Precision agriculture

+ Connectivity between
machines and equipment

+ Sensors and satellites

+ Advanced data analytics

« ICT enabled processing of
genomic sequencing of
livestock, seeds and plants

Information &
communication platforms
Online platforms and apps
that collect data and transform
it into meaningful information,
communication and decision-
making support.

Farm management
technologies

Automation and optimization
of general farm management
practices and back-office IT

Traceability and tracking
systems

Smart logistics (RFID, GPS)
allow better tracking of food as
it is stored and transported and
tracking of equipment
throughout lifecycle or food
chain

Resource efficiency
Monitoring, tracking, real-time
data and the right information
to the right people via mobile
apps or messaging enhances
resource efficiency (water,
fertilizer, nutrition, equipment,
elc.)

Food waste prevention
Tracking, data-centric decision-
making processes based on
real-time data and the right
information throughout the food
chain reducing food waste at
production, distribution &
consumption.

Enhanced productivity
Higher crop yield and income
potential by enhanced farm
management technologies, e.g.
monitoring soil and livestock,
forecasting, early detection of
problems.

Shock resilience

Advanced analytics and
forecasting allow for preventive
cautions to environmental
shocks and build resilience

Dr. BEN KHALIFA Adel

Food -

#SMARTer2030

ICT Solutions for 21stCentury Challenges

Benefits of Smart Agriculture

1Bn
MWH of
energy
saved

K [

897 average KgiHa o}y 251,041.8Bn \

Y
of land yield Vv lters of water
increase saved from

being wasted

Environment

¢

300

income o
Increase

average USS/  USSin
year employee water costs

Economy

a0

&

110 Bn

savmggg

- #SMARTer2030 - ICT Solutions for 21st Century Challenges -
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3. Digital innovations and SD: Eight sectors will profit most

1 Future of Smart Mobility and Logistics

Mobility - Future of Smart Mobility and Logistics: Technology Vision for 2030

ICT Tools

Impacts

.

Broadband
(> 50 Mbit/s)

® + (]

Smart
devices

“Wsr N N

Information &
Communication
Platform
Real-time information
gathering and data

analytics

platform

+ Driving support

technologies

+ Information

Technologies

» “Carto x

communication”

D g

Traffic Control &

Optimization

« Automated driving

« Autonomous
vehicles

* Driverless cars

Traffic management

Monitoring & Analysis

Social Media
technology & apps
GPS/GEQ location
based services
Board computer
system

RFID/NFC
technologies
Remote diagnosis
Connected private
and public vehicles

N g

v Connected Private
Transportation
= Car/route sharing
* Intermodal transport
* (Convenience

services)

Tracking & Tracing
technology

« Connected
commercial vehicles,

load units, products
and machines

« Augmented reality

and wearable
technologies

+ Commercial

Unmanned Aerial
Vehicles (UAV)

D g

-5? Smart Logistics
+ Fleet management &

optimized routes

« Digital warehouses
« Operational agility

Dr. BEN KHALIFA Adel

#SMARTer2030

ICT Solutions for 21stCentury Challenges

Mobility - Benefits of Smart Mobilty and Logistics

723 billion liters of
fuel saved from
fransportation

Environment

Economy Soclety
Q0 @

42.2 billion hours

1,450 billion US§ in
costs savings, 0 saved due to efficient

including fuel costs 9‘» traffc control @
J

- #SMARTer2030 - ICT Solutions for 21st Century Challenges -
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3. Digital innovations and SD: Eight sectors will profit most

d Future of Smart Energy
#SMARTer2030

Energy - Future of Smart Energy: Technology Vision for 2030 ICT Solutions for 21« Century Challenges
ICT Tools Impacts Energy - Benefitsfrom Smart Grid
Convergence of IT/OT
Integration of Operations Technology 6.3 Bn MWhof energy
g (OT) — enterprise technology used to saved
monitor and control physical devices,
assets and processes — and Improved load management
Information Technology (IT) Real-time demand response technologies
flattens out demand curve, decreases Environment
system load by better supply & demand
Distribution management system matching

7oy Two-way flow of information,
component management and sensor

i oD Enablement of renewables

Improved load management allows better
integration of variable and distributed

Demand response technologies energy (e.g. in microgrids).

(B2B, B2C)
Technologies using real-time
information to better match supply

and demand (load management); Grid efficiency
incentives to shift demand Improved load management and remote

optimization of assets/ operations through
grid monitoring result in lower efficiency

. losses during fransmission, storage and/or
Advanced analytics distribution.

EE

I Modelling support, reak-time system . Lower costs, mproved
analytics, forecasting, predicting and 100,187 Km of Grid Clstomer senie,feduced
contingency analysis ) ) i

Resilient energy infrastructure Saved dueto ICT emissions, decreased

Improved management of power supply and

peak loads through energy storage creates evices employed % outage fme and lIi

a more resilient grid. Increased refibity.

\

Energy storage technology
Help to manage power supply

- #SMARTer2030 - ICT Solutions for 21st Century Challenges -
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3. Digital innovations and SD: Eight sectors will profit most
 Future of E-Business

E-Business - Future of E-Work, e-commerce and e-banking: Technology vision for 2030 ﬁiMéﬁIﬁEE}!iSﬁ
Broadband @ + D Smart E-Business - Benefits of E-Business
(> 50 Mbit/s) devices
331.3 billion liters of
fuel saved from
v v v transportation
Environment

Integrated multichannel Financial services Work opportunities

infrastructures * Online banking apps » Voice over IP
w * Apps for retail mobile * Digital currencies (e.q. * Telecommuting/collaborati
° shopping BITCoin) on tools
,2 * Videoconferencing / * Financial market insight * Videoconferencing
-  Augmented reality and investment platforms ~ « Augmented reality
Q « Location based services (e.9 BuX) Economy Society

* Advanced data analytics + Videoconferencing, digital

+ Retail 3D printing assistants / consults € @

v v v 861 billion USS$ in cost 105 billion hours
savings, including saved thanks to

E-commerce E-banking E-work fuel and papers %0 gamens

* Integrated muttichannel » Faster and 24/7 access * Telework (‘mobile s VRGN @
o infrastructures / Mobile + Transparency of banking workspace”) \
% shopping products/services » Virtual business meetings
@ * 3D printing
g 5 Delivery on demand
g - #SMARTer2030 - ICT Solutions for 21st Century Challenges -

Dr. BEN KHALIFA Adel
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3. Digital innovations and SD: Eight sectors will profit most

 Future of Smart Manufacturing

#SMARTer2030

ICT Solutions for 21stCentury Challenges

Manufacturing - Future of Smart Manufacturing: Technology Vision for 2030

ICT Tools

Cyber-physical systems (CPS)

Industrial Internet of Things
(IloT)1and M2M

Embedded system production
technology

Global network

Data analytics & cloud
computing

3-D printing

Drones & Robotics

Augmented reality devices

Manufacturing - Benefits of Smart Manufacturing
Impacts \

Virtual Manufacturing 81,182 billion 4.2 billion MWh of

+ CPS combined with lloT/M2M and liters of water energy saved
:@
4

advanced data analytics allows saved from
eg. 2

+ Remote monitoring of physical Productivy bemg wasted
processes, I Qualty

+ Realtime communication and \
cooperation

+ Performance management and
continuous refinement of
processes.

Environment

J 5 g

Customer-centric production

+ Integrating customer preferences
in development and production

Economy

processes,
+ Decentralized production networks
/ distributed manufacturing / \
any Increased health
11.9 billion/year US$
Circular Supply Chain : ¢ ¢ and safety and
Remanufacturing of products, Resource in opera Ing oS better time
components, and waste; circular Efficiency savings s
oy utilization ¢ ¢
Smart services
Creation of a cross-sector ecosystem Value
of services with up- and downstream - #SMARTer2030 - ICT Solutions for 21st Century Challenges —
integration.

Dr. BEN KHALIFA Adel 28
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4. Digital Innovations Catalyze the Achievement of all SDGs

O Connectivity & 17 digital solutions are indispensable to meeting  #ystemTransfomaton
HOW DIGITAL SOLUTIONS WILL DRIVE PROGRESS TOWARDS

the SDGs for 8.5 bn people by 2030 THE SUSTANABLE DEVELOPHENT GOALS

ICT SECTOR

Food & Housing Participation & Security Work & Business
* Smart agriculture * E-government * E-banking
* Smart building * Smart police * E-commerce
* Real-time disaster warnings * E-work
* Smart manufacturing

2030 Sustainable

Health & Learning Development Goals Mobility
* E-health * Connected private
* E-leaming transportation
) * Smart logistics
Infrastructure & Environment + Traffic control & optimization
* Connectivity * Smart conservation
*  Smart energy * Smart water
management

Source: GeSl and Accenture Strategy Analysis, 2016

Dr. BEN KHALIFA Adel 30



4. Digital Innovations Catalyze the Achievement of all SDGs

 Status of the world analysis results - performance towards SDG achievement
in per cent of countries

{
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NAVAVAVAVAVAVAY)
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VAYAYAVAVAVAVAV
AVAVAVAVAVAVAVA!
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7]
5
|4
<
|2
<
K]
K]
K]
7

5009/ 2 509/

Every country has achievement 25%0 of countries have achievement
gaps in greater than 50% of SDGs. gaps in all 17 SDGs.
<

Roadblocks

Regulatory barriers such as intellectual
property protection, poor regulations and
infrastructure & connectivity monopolies.

Financial barriers such as lack of capital on the
supply side, low affordability and digital skills
on the demand side.

Ethical barriers such as digital trust, cyber
crime and negative impacts on employment.

AAAVAMNAAAY
WWWWWWWWWWAWNNA

AVAVAVAVAVAVATAVAVAVAAYA
WWWVVWWAVVVVVY

Source: GeSl and Accenture Strategy
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4. Digital Innovations Catalyze the Achievement of all SDGs

L 65% of SDGs with a positive link to digital access

Correlations of GeSl‘s Digital Access Index with SDG Index
forall 17 SDGs and 157 countries

i iR e .
e e = o E = On the SDG level of analysis, 3 patterns of
o ' - ' relationship between digital access and SDG
H : Bl = .
E O i achievement appear:
S A i R o
- 11 of 17 SDGs (65%) have a positive link with
BT T v -
g e digital access
' : : -1 5DG (SDG 12) has a negative correlation with
e g digital access (explored in the section about
6% i \ \
e . 8 negative environmental aspects below)
- 5 SDGs have a yet unclear relationship to digital
i access
: i Y ROPRS
il Unclear ‘ ) : .,..r,,,,x'r' ‘. - '”l-
(25”5‘061) . a8 . B8 B

Source: GeSl and Accenture Strategy
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4. Digital Innovations Catalyze the Achievement of all SDGs

O Digital’s strong positive relationships with social and economic SDGs;
a mixed picture for environmental SDGs

Correlations for SDG impact areas of GeSl‘s Digital Access Index with SDG achievement
globally (157 countries)

SDG impact area Strength of relationship SDG Indicator
(R} with Digital Access correlations with correlations with
Index (DAT) DAl im=1T) DAL {m=81)
Social SDiGs:

Improving peoples’s quality of life
svem e, |nmar
| Ml | X

Economic S0HGs:

w |0 w1
o a
Fostering equitable growth
L i) el
BdraE 2z -

Environmental $DGs
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4. Digital Innovations Catalyze the Achievement of all SDGs

1 SDGs 9, 3, 8, 4 and 7 have the strongest correlation with digital access on an index
level

Correlation strength and relationship per SDG

Strength of o Strength of o
o Relationship (R o Relationship (R
relationship (R?) PR relationship (R?) PR
Industry, Innovati
sz LI B i s
Good Health and - , Clean Water and Sanitation 0.41 ’
Weleing Peace, Justice and Strong ; p
Decent Work and Economic of8 ’ Institutions 39
Growth : )
Gender Equality 0.33 7
Quality Education 062
’ Reduced Inequalities 0.13 ?
Affordable and Clean
Energy oL , Life Below Water 0.12* ?
ZeroHunger 061 I Climate Action 0.06" ?
gl Responsible Consumption \ ‘ 5
, Life on Land 0.01* :
O and Production ol
inable Citi i 1 ?
Sustamap gCltlesand 08 , Partnerships for the Goals <0.01 ’
Communities

Source: GeSl and Accenture Strategy N ) . ) )
# Positive correlation % Megative comelation 7 Unclearrelation (defined by Rz <0.3)
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5. The Unsustainable Truth About Digital future

(J The Rebound Effect

‘ /Q Rebound effect

.The rebound effect refers to the.

relationship between improvements
in technological efficiency which
lead to an increase in per capita
consumption  (http://www.cdist.dk
2014).

The savings in energy or resources initially predicted by the use of a new technology are
partiallyor completely compensated following the adaptation of society’s behavior.
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5. The Unsustainable Truth About Digital future

(J The Rebound Effect

* Income effect: We reduce the energy intensity of a service => its cost

drops => the savings thus made allow us to consume more of this same
service.

* Comforteffect: The consumer considers that he has reached a

satisfactory level of consumption of the service whose price has dropped
=> he otherwise spends the money saved => increases the flow of
materials and the dispersion of resources in society.

* Time effect:

* Transport: technologies make it possible to reduce journey times =>

they promote rapid transport and individual journeys at the expense
of collective journeys => road congestion, longer queues at airports,
etc.

* Internet: a wealth of information just a click away => we spend more
hours reading.
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5. The Unsustainable Truth About Digital future

(J The Rebound Effect

* |CT saves us time ... but the number of hours spent using it is
increasing!

* Online commerce: saving time => easier to buy?

* Distribution of ERP software => strong increase in productivity =>
increase in the number of tasks achievable per person.

* Server optimization => the stored GB becomes cheaper (& e.g. we
can make the cloud!)

* Volume effect: flat screens take up less space => you can put it
anywhere

Up to now, the rebound effects have proven themselves to be greater
than the gains provided by technological innovation (Magee &
Devezas, 2017).
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5. The Unsustainable Truth About Digital future

(J Digital overconsumption does not have a perceivable impact on
global economic performance

GDP growth and ICT spend
7.0
6,0
5,0
4.0
3,0
2,0 \_/ —— ~

1,0

0,0
2010 2011 2012 2013 2014 2015 2016 F017 2018 2019 2020

——CEC D GOP WHORLD GDF WORLD ST SPEMD

Source: IDC, IDC State of the Market 4Q17: IT Spending Review and Outlook, 2017
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5. The Unsustainable Truth About Digital future

] ICTs Are Non-renewable Resources

The main metals of ICTs Increasing global demand for critical metals

Group -+ ¥ 31 4 8 § T L] & W T 12 13 14 1§ 18 17 18 o
1 Periad
1 2
1 H He
2 3 4 5 ] T 8 ] 10 . Platinum group metals
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K |Ca|S | [ Cr | Mn | Fe Co M - In | Ga |h L - Br | Kr 0 1 since 1380)
5 | 3@ | = || <0 g 2= M | &5 | w8 43 Al s s 53 | 54 ¥
BRE = | ¥ 2 N Mo Ru | AR | Pd cd | || 8 Sb 1| Me i :
. 55 (S|, 72 g W] E e8| 06 82 £ -
Cs | Ba Hf D W | R= | Os  k | Pt | Au|Hg T |Pb s sm
=
. ~ I P8
0
£

“Lanthanides 5T Er =] il |

Tantalum and niobium
concentrates (75% since
1980)
(Fare sanhs)  La Dy | Ha Tm | ¥b | Lu 0 J
= aetinides U / // /
onduchors, comactor .
Ewlcl'ﬂw ! e, Welds. Oploslectronics 10 A va
Battaries |:| Capacitors - Misc (others) M
Flame retardar Misc {precious) el ultiphe: 1

) ey T T T T "
1850 1960 1470 1980 1890 200 210
Source. Bihouix P., 2015 .
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The production of digital equipment makes it a heavy consumer of metals, some of
which are rare and/or critical and whose accessible reserves (at current cost and with
current technologies) are limited. Many of them also present probable production
peaks in the decades to come. This situation is likely not only to weaken the
development of uses but also to undermine the resilience of our digital societies.
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5. The Unsustainable Truth About Digital future

1 ICTs Are Non-renewable Ressources

For example, at least forty metals are present in a smartphone, each in quantities
ranging from a few milligrams to several tens of grams

Smartphone: architecture and rare metals

/ Electronic board
¥ Silver (Ag) : brazing cream
v Copper(Cu) : conductive tracks of printed circuits

Touchscreen

< Indium (in) :

; < Tin (Sn) : brazing cream
170 fim v Gold (Au) : printed circeit wiring
¢ Platinum (Pt), Palladium (Pd) : ceramic capacitor electrode
¢ Tantalem (Ta) : tantalum capacitor electrode, SAW filter
¢ Tungsten (W) : vibrator counterweight
LCD-OLED display . NFC antenna

< Indium (In) : ITO film v Copper: conductive track

+« Cobalt (Co) : electrode
«  Lithium (Li) : electrode, dlectrolyte

Source : Orange Labs, 2017
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5. The Unsustainable Truth About Digital future

[ ICTs Are Non-renewable Ressources

-
LH Recycling rates of metals

5 T -] 9
M O F

0 10 -25% r"dlﬂ . EHHEHHBE

19 22 ' 35
Br

K

[ 25-50%
i: L IIII?E 4 THF H
- -QIII@IIEIIE

x¢ =823 ;s\&rm\

*La nthanldes
[Terres rares)

=*Actinides

Source: Recycling rates of metals, UNEP, 2011

Recycling also becomes more difficult as the number of metals in a component
increases and concentrations decrease. This situation can therefore lead to a
technological dead end if the growth in needs does not slow down, especially since
many of these metals are also used (World Bank, 2017) in large proportions for the
production of equipment needed for renewable energies (wind, solar), as shown in
the table.
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5. The Unsustainable Truth About Digital future
1 ICTs Are Non-renewable Ressources

» They will have disappeared in 1 or 2 generations

Lifespan of profitable reserves (in operating year)

In case of boom (demand increased by 10% for ten years)
" At current production rate

Ant ne -
taiy e
Or - 15
ZAIC | —
Strontium .
Axgenil e
T ungsténe —
Cuhl'. mnsn
Bore . - i
F"-'o.'“ o -
Manganese — -
wamm o —— e
Rbhé&Emium . ————— -
Cokbalt = e e -5
Mineraide fer e -
Mo —— -
Ruetile - ——
Bauxrite
‘%t‘m —_— . - 110
Himénite - 131
Plcého‘l&os -176
raphite -208
lode -3
Vanadivem - 250
Phosphates - 261
Magnésium . T e V4
Lithsens
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Source ; « Empreinte environnementale du numérique mondial », Green(T fr, 2019
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5. The Unsustainable Truth About Digital future

J Rare Earth Supply: Concentration of Ressources in China

Countries accounting for largest share of global supply of CRMs

Russia
Paliadium 46 %
"

=

China

France
Hafnium 43% "
usAa '
Berylium 90% Antimony 8796
Helbum 73% Baryte 44%
Bismuth 829%
Fluorspar 649%
’ Gallim 73%
b o Germanium 67%
Indium 57%
Thailand Magnesium 879%
Natural rubber 22% Natural graphite 69%
DRC - Rwanda Phosphate rock 449%
Cobalt 643 Tantalum 31°% Phosphorus 58%
Scandium 659%
Brazil Silicon metal 619%
Niobium 90%: ;r’mosdtien gg::
z anagmum

PP by LREES 959
Indsum 85% HREE 05%%

Platinum 70% =

Rhodium 83%

Ruthenium 93%

v" Most of these rare metals are produced either in highly unstable countries (for
example, 65% of the world’s production of cobalt comes from the Democratic Republic
of Congo), or almost monopolistically by a superpower (90% of the production of rare
earths is under the control of China, which consumes 60% (Lepesant, 2018).

v This situation involves supply risks, or at least pressures on prices, both of which can
brutally call into question industrial choices and thus the functioning of our societies,
which are increasingly reliant on digital infrastructures.
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5. The Unsustainable Truth About Digital future
 Digital innovation is a source of inequalities

Current digital consumption is very polarized

Geography of the digital economy is highly concentrated

o T 4 , |
gt | "y GE(mn o

III IK
(Ml M] m[ ﬂp a i 75% of all patents relatedto ) US and China: 90% of the market
! m blockchain technologies capitalization value of the world's
70 largest digital platforms

[ wow mn | m omwmw B
| W S S N WS S vt 684 m@ China: 2%
e T I I A cymemmmﬂQQ@@

market 0
O Latin Amenica

il R IR
mﬂﬂ lm 2;5 m 400 291 Still huge digital divides

o
ofthe 0 In LDCs only ' is the

bergents | 0 [0 W M i ¥

Ik oL W

Source: [Lean ICT Materials] Forecast Model. Produced by The Shift Project from data published by (Cisco, 2017b)]
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5. The Unsustainable Truth About Digital future

O Digital innovation is a source of inequalities

Digital disruption will impact countries differently and could
exacerbate global inequality

The global impact of digitization will
affect all countries — the only
question is how?

New digital development paradigm

WEBG countries need to springboard their development path

Least developed

Can gain the most in SDG benefits but
will need significant public-sector
investment to accelerate digitization

Technology developments spurred by Countries must determine how best
digitization are disrupting jobs as to harness the benefits of digitization
well as traditional paths to

development

Most developed

Most advanced in the digitization
process — gaining the most but also
facing the greatest disruptions

These countries can realize significant
SDG gains but will also face disruption

through automation

Source: GEMA, Infalligence (2017 ), World Bank — World Development Indicator (2017)

See Annex, ppl20-24 for additional data on the emenging digital dvide and trends i the digilal sector
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6. How to Govern the Transformation Toward Sustainability in the Digital Age?

The worldwide systemic effects of
the current digital transition are for
now highly uncertain. With
appropriate governance, digital
transition can be more sustainable
and sober. The report TWI2050
(2018) highlights Six Fundamental

Transformations needed to achieve
the 17 SDGs and long-term
sustainability for all: They are
necessary and potentially sufficient
to achieve the SDGs if addressed
holisticallyand in unison”.
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6. How to Govern the Transformation Toward Sustainability in the Digital Age?

[ Six Fundamental Transformations

+ (i) Human Capacity & Demography : Substantial advances in human capacity
are needed through further improvementsin education and health care.

+ (if) Consumption & Production: Responsible consumption and production cut
across several of the other transformations, allowing us to do more with less.

+ (ii)y Decarbonization & Energy: It is possible to decarbonize the energy
system while providing clean and affordable energy for all.

* (v) Food, Biosphere & Water: Achieving access to nutritional food and clean
water for all while protecting the biosphere and the oceans requires more
efficientand sustainable food systems.

v (v) Smart Cities: Transforming our cities will benefit most of the world's
population.

+ (vi) Digital Revolution: Science, technology and innovations are a powerful
driver, but the direction of change needs to support sustainable development.

Dr. BEN KHALIFA Adel
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6. How to Govern the Transformation Toward Sustainability in the Digital Age?

[ Six Essential Mechanisms

The report TWI2050 (2018) proposes Six Essential Mechanisms that can link digital dynamics
with sustainability strategies to enable the Six Fundamental Transformations:

* (1) Shifting innovation vision and patterns by creating sustainable digitalization
perspectives in the science, research, and R&D communities;

* (li) Mobilizing market forces by getting the prices right, for example, through carbon
pricing and ecological tax reforms that incentivize the mobilization of digital innovations in
support of sustainable solutions;

* (iii) Helping to shift markets and planning processes in a sustainable direction by using
digitalization to visualize and establish transformation roadmaps that include sharper
definitions of clear goals and milestones for energy, mobility, land use systems, cities, and
industrial sectors;

* (iv) Investing in digital modernization programs at the state level to massively increase
digital knowledge in public institutions in order to build governance capacities in the digital
age,

* (v) Transforming sustainability research by supporting and scaling up strong networks with
the digital research communities; and

* (vi) Creating dialogue structures with the private sector, civil society, science, and the state
to develop joint perspectives on institutional, social, and normative guardrails in the digital
age.
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7. What Is The Reality Of Digital Transformation Strategy In Tunisia?

(J National Strategic Plan « Tunisie Digitale 2020 » (PNS 2020)

Tunisie Digitale 2020 - Historic

labarka 2013 rorba 2014 Turis 2017

Orientations & Action Plans

Vision & Goals Initiatives

Strategic

Vision .
Directions

Projects

Implementation
Mechanisms

Initiatives
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7. What Is The Reality Of Digital Transformation Strategy In Tunisia?

[ Vision & Strategy « Tunisie Digitale 2020»

Vision :>

Strategic
axes

—)

https://www.mtcen.gov.tn/

Become an international digital reference and make ICT an important
lever for socio-economic development

» Ensure social inclusion and reduce the digital divide
» Strengthening digital culture through generalization
» Evolving to an e-Administration

» Contribute to the reduction of unemployment and the
creation of jobs in the dl%ltéﬂ and Offshoring sectors as well
as the creatlon of national champions.

» Support the creation of added value, a guarantee of the
sustainability of businesses and JDbS by supporting
entrepreneurship and stimulating innovation.

» Improve the competitiveness of businesses, all sectors
combined, by investing in  ICT and positioning in the digital
economy.

» Ensure Tunisia's transition to digital via the establishment of
an appropriate regulatory framework, governance and
security environment.
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d From « Tunisie digitale 2020 » to « Tunisie digitale 2025 »

2019- Launch of the DECA Project: Diagnostic Phase

The DECA (Digital Economy Country Assessment-
Etude) exercise has been started, in collaboration
between the Ministry of Communication Technologies
and the World Bank, since 2019 aims to assess the
state of maturity of Tunisia's digital economy. Its
results should feed into reflection on the future
development and strategy of the 2021-2025 sector.



Conclusion

Energy for production _ Smart Grids
.. . . Consumption in use : Smart Buildings
» Digital innovations can, at a much faster rate than Mineral resources | Smart Ctes
ever before, help (as enablers) decarbonization Digital divide L et
across all sectors (eg., energy, mobility and etc. :

industry), and promote dematerialization, resource
and energy efficiency and sufficiency, the
monitoring and conservation of ecological and
other Earth systems, the protection of the global
commons, and sustainable behaviors. However, this
is not an automatic process and will not happen by
itself. In fact, until now, the opposite has generally
been the case:

Environmentzl, economic and Opportunities

social costs for transition

Digital governance in search for balance

e

*

The digital overconsumption trend is not sustainable in regard to its need for energy and
raw materials:

The digital industry’s energy intensity is increasing globally;

Current digital consumption is highly polarized;

The rebound effects seem to be greater than the gains provided by digital innovations.

* *
e o

e

*

> Technology has not yet been mobilized toward sustainability transformations.
Therefore, a good governance of current trend is required to reduce the disruptive
potentials of digitalization and create pathways toward sustainability and digital
sobriety.
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The Digital Revolution and
Sustainable Development:
Opportunities and
Challenges

Report prepared by
The World in 2050 initiative

The World in 2050

TWI2050 was launched by the International
Institute for Applied Systems Analysis (IIASA),
the Sustainable Development  Solutions
Network (SDSN), and the Stockholm Resilience
Centre (SRQO).

This report is based on the voluntary and
collaborative effort of 45 authors and contributors
from about 20 institutions, and some 100
independent experts from academia, business,
government, intergovernmental and non-
governmental organizations from all the regions of
the world, who met four times at IIASA to develop
science-based strategies and pathways toward
achieving the Sustainable Development Goals (SDGs).
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