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Digitalisation and climate change are two ‘megatrends’ that will shape our lives over the
coming decades.
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Digitalisation = collecting, exchanging, storing, analysing data: cieaply, guickly, connectively




Digitalisation is just’ the latest generation of information system.




Digital applications and infrastructures are expanding rapidly.

Yearly growth of users and time needed to reach one billion users

.‘ Indicative user growth/year

Credit card Online banking Smartphones 3G subscriptions WhatsApp Social media 5G subscriptions
Debit card PayPal transactions Internet Facebook Instagram 4G subscriptions

- c00000000l

Years to reach one billion users

74 years 41 years 19 years 16 years 14 years 12 years 8 years 4 years
Sources: Statista, eMarketer, Ericsson mobility report, Facebook, GSA, Instagram, ITU, kfferies & companies, Our world in data, Paypal, Strategy t t' t '
Analytics S a IS a J

Source: p115, Statista (2020). Digital Economy Compass 2020.



The pandemic further accelerated digitalisation
trends.

Changes in consumer behavior during COVID-19

44% 70%

increase of in-house of people spent more

higher traffic on media

social media time on their smart- sites*
consumption? 2 phone/mobile phone':3
&
7 .
" 4
of people watched more video streaming increase in U.S. video
more news coverage' users for key players in game sales in 20205
2020

Source: p64, Statista (2020). Digital Economy Compass 2020. Photo Credits: Sharon McCutcheon, Manuel Peris Tirado @Unsplash. StatISta "



Carbon emissions need to be close to zero by 2040 ...
impacting all aspects of our daily lives.

38 Gt

CO;

34

30

26

22

18

Global Fossil CO, Emissions
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2010-19
+0.9%/yl’

Projection 2021

36.4 Gt CO,

A 4.9% (4.1%~5.7%)

\

+3.0%/yr . - COVID-19
. Global pandemic
financial W
1990-99 crisis
_ +0.9%/yr v 1.2%
S Dissolution of
Soviet Union
¥ 31%
1990 1995 2000 2005 2010 2015 2021
b : projected

Source: Global Carbon Project (2021) Global Carbon Budget.
https://www.globalcarbonproject.org/carbonbudget/21/presentation.htm

Global greenhouse gas emissions from human activity

Growing things
19%

Plugging things in
27%

Heating and
cooling things
7%

Moving things
around

Making things 16%

31%

Source: Adapted from Breakthrough Energy.
[https://www.breakthroughenergy.org/our-challenge/the-grand-challenges]
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SERVICES [CONSUMER GOODS) (FINAL)

substitute
physical activity for digital activity

o Share of employees working remotely full time during COVID-19 in 20202
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substitute
physical activity for digital activity

o Share of employees working remotely full time during COVID-19 in 20202

I Pre-COVID-19 During COVID-19
84%

74%
70%

61%
36%

9%

[ [ : :

Information/ Professional & Financial Manufacturing/ Education &
TMT services business services activities Operations health services

Source: p80, Statista (2020). Digital Economy Compass 2020.

Wave 2 (2012) Wave 3 (2014

Source: Food Standards Agency (2019). Trends in the use of home delivery services by
survey wave.
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physical activity for digital activity

KEY:
| Point Estimate
1 | Low-High Estimates
1 | Range

FOOD INNOVATIONS: % CHANGE IN OUTCOME MEASURE
RELATED DIRECTLY OR INDIRECTLY TO EMISSIONS

%A in activity, energy or carbon emissions
-100% -80% -60% -40% -20% 0% +20%
] ] ] ] 1 ]

[Z o16ITAL HUBS FOR LOCAL FOOD F+: o4 carbon (Peano 2018)

F1: %A carbon (Peano 2018) ii
F1: %A carbon (Peano 2018} iii
F1: %A carbon (Pérez-Neira 2018)
F1: %A carbon (Siikavirta 2003)

I >+100%
| |

23 meaL kirs

F2: %A activity (Peters 2016) i
F2: %A activity (Peters 2016) ii
F2: %A energy (Fenton 2017) B
F2: %A energy (Gee 2019) i

F2: %A energy (Gee 2019) ii
F2: %A energy (Gee 2019) iii
F2: %A energy (Gee 2019) iv
F2: %A carbon (Fenton 2017) A
F2: %A carbon (Heard 2019) i
F2: %A carbon (Heard 2019) ii

>+100%

[EN 117H Hou apps

F3: %A activity (Koh 2016)
F3: %A activity (Wong 2016)

Source: Wilson et al. (2020). "Potential climate benefits of digital consumer
innovations." Annual Review of Environment and Resources 45:113-144.
doi.org/10.1146/annurev-environ-012320-082424
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Source: Fig5.2, UNEP (2019) Emissions Gap Report,
based on Grubler, Wilson et al. (2018) Nature Energy.
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Suppression effect
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Source: Laurie Kerr PhD thesis (forthcoming) on P2P carsharing
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how services are provided
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how services are provided

MOBILITY INNOVATIONS: % CHANGE IN OUTCOME MEASURE
KEY: RELATED DIRECTLY OR INDIRECTLY TO EMISSIONS

| Point Estimate
1 | Low-High Estimates
I I Range

%A in activity, energy or carbon emissions
-100% -80% -60% -40% -20% 0% +20%

CARSHARING T1: %A activity (Clewlow 2016) I
T1: %A activity (Martin 2016) I 1
T1: %A energy (Baptista 2014) A |
T1: %A energy (Baptista 2014) B | |
T1: %A carbon (Baptista 2014) C I |
T1: %A carbon (Firnkorn 2011) i
T1: %A carbon (Namazu 2015) A I 1
T1: %A carbon (Namazu 2015) B n
T1: %A carbon (Namazu 2015) C ]
T1: %A carbon (Nijland 2017) =
T1: %A carbon (Rabbitt 2013) I |

P2P CARSHARING T2:

RIDESHARING T3: %A activity (Coulombel 2019)
T3: %A energy (Jacobson 2009)
T3: %A energy (Minett 2011) |
T3: %A carbon (Bruck 2017)
T3: %A carbon (Yu 2017)

T4 1 Source: Wilson et al. (2020).
- SHARED RIDEHAILING T4: %A activity (Cai 2019 I "Potential climate benefits of
T4: %A activity (Lokhandwala 2018 1 digital consumer

T4: %A activity (Ota 2016 1 . ti " A | Revi
T4: %A carbon (Cheng 2018 1 Innovations. nnua eview

T4: %A carbon (ITF 20172 [ 1 1 of Environment and
T4: %A carbon (ITF 2017b [ 1 Resources 45:113-144.
T4: %A carbon (Liu 2018 " 1 doi.org/10.1146/annurev-

—_—_—— oo o=
I
T

T4: %A carbon (Merlin 2017 I 1 T 1 environ-012320-082424
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USEFUL END-USE TECHNOLOGIES AVAILABLE FOR END
SERVICES (CONSUMER G00DS) (FINAL)

control
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1 Point Estimate
Low-High Estimates
Range

Synthesis

control

and manage resource use
HOMES INNOVATIONS: % CHANGE IN OUTCOME MEASURE

RELATED DIRECTLY OR INDIRECTLY TO EMISSIONS

-100%

%A in activity, energy or carbon emissions
-80% -60% -40% -20% 0%

+20%

EEN swarT HeaTING

H1: %A energy (Khajenasiri 2017) A
H1: %A energy (Khajenasiri 2017) B

H1: %A energy (Park 2017)
H1: %A energy (Ringel 2019) i
H1: %A energy (Ringel 2019) ii

IEEA smaRT LiGHTING

H2: %A energy (Byun 2013)
H2: %A energy (Chew 2017) i
H2: %A energy (Chew 2017) ii

H2: %A energy (Chew 2017) iii

H2: %A energy (Laidi 2019)

SMART HOME APPLIANCES

H3:

HEMS

H4: %A energy (Adika 2014)

H4: %A energy (AlFaris 2017)

H4: %A energy (Beaudin 2015) i
H4: %A energy (Beaudin 2015) ii
H4: %A energy (Bozchalui 2012) i
H4: %A energy (Bozchalui 2012) ii
H4: %A energy (llic 2002)

H4: %A energy (Jin 2017) A

H4: %A energy (Jin 2017) B

H4: %A energy (Li 2011)

H4: %A energy (Louis 2014)

H4: %A energy (Nilsson 2018) A
H4: %A energy (Nilsson 2018) B
H4: %A energy (Paatero 2006)

Source: Wilson et al. (2020).
"Potential climate benefits of
digital consumer
innovations." Annual Review
of Environment and
Resources 45:113-144.
doi.org/10.1146/annurev-
environ-012320-082424
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Source: p70, BEIS (2020) Energy White Paper: Powering our net zero future.
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increases activity as it becomes easier or cheaper
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intensify ko]
new forms of energy-hungry activity

BIGSTORY 10  FEBRUARY 18, 2020 / 11:05 AN

How cat videos could cause a 'climate change
nightmare'

Figure: George Kamiya (IEA) in Carbon Brief. [https://www.carbonbrief.org/factcheck-what-is-the-carbon-footprint-of-streaming-video-on-netflix]. News
Headline: [https://www.reutersicom/article/us-georgia-tech-climatechange-feature-tr-idUSKBN20C1A7]. Cat Video: Hehaden @Flickr. CC BY-NC 2.0.



intensify
new forms of energy-hungry activity

Global average emissions per half-hour of streaming video (kgCO2e)

IEA (original)

IEA (updated)
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Despacito (Bashroush)
Birdbox (Save On Energy)
Boiling a kettle once

Driving Skm

] EUTERS
I IEA analysis shows 18gCO2 per
I SD mlnutﬁ uf strea m-lng- This BIG STORY 10 FEBRUARY 18, 2020 / 11:05 AN
yarigs depending on ocation, How cat videos could cause a 'climate change
nightmare'
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Widely quoted claims put
the total 10-100x higher.
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kg CO2 per half hour of video
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Figure: George Kamiya (IEA) in Carbon Brief. [https://www.carbonbrief.org/factcheck-what-is-the-carbon-footprint-of-streaming-video-on-netflix]. News
Headline: [https://www.reutersicom/article/us-georgia-tech-climatechange-feature-tr-idUSKBN20C1A7]. Cat Video: Hehaden @Flickr. CC BY-NC 2.0.
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new forms of energy-hungry activity

Major end-use category

Global data center @ Servers @ Storage
compute instances @ Network © Infrastructure

2010

2018

Doubled
demand

0 200 400 600 800 1000 O 50 100 150 200 230 | <., e Figues,

. T far Masanet et al. (2020).
Global compute instances (millions) Electricity use (TWh/year) Soionce 367 964-086.
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service providers and data flows

“"Recent inventions and business
methods call attention to the next
step which must be taken for the
protection of the person, and for
securing ‘the right to be let alone’.”
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service providers and data flows

“"Recent inventions and business
methods call attention to the next
step which must be taken for the
protection of the person, and for
securing ‘the right to be let alone’.”
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service providers and data flows

Annual revenue of Google from 2002 to 2020
(in billion U.S. dollars)

200

18169

U.S. dollars

Revenue in billion

@ Statista 2021 e

Source: https://www.statista.com/statistics/266206/googles-annual-global-revenue/



distrust
service providers and data flows

B Number of monthly active Facebook users worldwide
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Facebook users as of the end of the respective year;
world population and internet usage estimates as of Dec. 31, 2020
Sources: Facebook, Internet World Stats

@®O6 statista Za

Source: https://www.statista.com/chart/10047/facebooks-monthly-active-users/
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‘predict’ and control behaviour

THE AGE OF
SURVEILLANCE
CAPITALISM

THE FIGHT FOR A
HUMAN FUTURE
AT THE NEW
FRONTIER OF POWER
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society into digital haves
and have nots

No Data

Source: ITU (2017) ICT Development Index.
https://www.itu.int/net4/ITU-D/idi/2017/index.html#idi2017map-tab
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local environments and peoples through mining and
waste
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Photo Credit: Ondfej Martin Mach via Wikimedia Commons licensed under CC BY-SA 3.0.
From: https://www.nhm.ac.uk/discover/what-is-ewaste-and-what-can-we-do-about-it.html
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jobs and livelihoods through automation

Technical feasibility, % of time spent on activities that can be automated by adapting currently
demonstrated technology

78
64 69
18 20 =
9
|

Least susceptible Less susceptible Highly susceptible

Time spent in all US occupations, %

oo [

Applying1 Unpredic’table2 Data processing
expertise physical work
Managing Stakeholder Data collection Predictable
others interactions physical work

Source: p108, Exhibit 1 in McKinsey (2020). The recovery will be digital: Digitizing at
speed or scale. The Next Normal. San Francisco, CA, McKinsey & Company.
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Icons (Fire & Scales): Verry, Bohdan Burmich, Wira Wianda, Shaharea @NounProject. Icons (Star Wars): H Alberto Gongora & Icon 54 @NounProject.






80 ... what does the future hold? lllustrative pathways for digitalisation in the Anthropocene.
(unpublished figure from Felix Creutzig).
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Source: Figure by Felix Creutzig and colleagues, reproduced with permission from
Creutzig et al. (forthcoming). Digitalisation in the Anthropocene. Annual Review of Environment and Resources.



80 ... what does the future hold? lllustrative pathways for digitalisation in the Anthropocene.

(unpublished figure from Felix Creutzig).
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Directed digitalisation’ for public purpose:
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Directed digitalisation’ for public purpose:
(2) social contract for the digital age

THE MONTREAL STATEMENT ON

SUSTAINABILITY IN THE DIGITAL
AGE

PREAMBLE WE RECOGNIZE WE ASK =]
“Two major forces shaping the future of human civilisation: anthropogenic @ forenseom onac
climate change and the digital revolution ... ©  Openand Transparent
ccess to Data and
:nuwledg:
recognizing the severity of the risks ©  Publicerivate
. . Collaborations
and the magnitude of the opportunity, 6 resomchond
Innovation
we call for a global collaboration among business, civil society, e
researchers, and innovators to focus on leveraging the digital age to help build Engagement, and
. . 5 Education
a sustainable and equitable world. Source:

https://sustainabilitydigitalage.org
/montreal-statement/



Directed digitalisation’ for public purpose:
(3) us as users and innovators - experiment, resist, adapt

Global greenhouse gas emissions from human activity

Growing things
19%

Plugging things in
27%

Heating and
cooling things
7%

Moving things
around

Making things 16%

31%

Source: Based o n Breakthrough data.
[https://www.breakthroughenergy.org/our-challenge/the-grand-challenges]
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divide
society into digital haves
and have nots

Daily internet users during the three months
preceding the survey, 2019 (% of people aged
16-74 years, by NUTS 2 regions)
EU-27 =77

[] <60

[ 60-<70
[ 70-<80
[l 80-<9

B =9

[l Data not available

Source: Eurostat
Statistical Atlas
(2020). Regional
yearbook 2020.
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Beyond our more direct
experiences of digitalisation
in ‘daily life’,

there are many other
transformative impacts ...
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Al is expected to have clear net positive impacts on [7 UN SDGs and 163 targets

a Positive impacts of Al: 79% (71%) b Negative impacts of Al: 35% (23%)

SDG13 =
CLIMATE
0
86%
939, (43%) 5%
LA 13%
s0% (8%) R 8%
20% .
100% (20%) 0% w
@% & @ (60%) ®
26% 56% T o 11% 33% -
17 [fopo 5 A 17 [ d =
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(59% 100% (16%) -
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H 16
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Vinuesa et al. (2020). "The role of artificial intelligence in achieving the Sustainable Development Goals." Nature Communications 11(1): 233.
doi.org/10.1038/s41467-019-14108-y

:K18100S



Digitalisation is a transformative force "harnessed' in an imagined low energy demand and

.a°C future world ...

The Low Energy Demand
(LED) scenario

Outer circle =
observable drivers
of long-term change

granularity

decentralized
service
provision

use value
from
services

digitalisation

of daily life

Source: Grubler, Wilson et al. (2018) Nature Energy.

rapid

transform

—

Inner circle =
additional elements
in scenario narrative

END-USE SECTORS - AXAMPLES

- urban-scale shared vehicle fleets

- smart controls of building energy flows
- physical-to-digital substitution

- managed rebound in activity levels

UPSTREAM SECTORS - EXAMPLES

- rapid integration of intermittent renewables (60% of primary

energy by 20a0)

- electrification of transport & vehicle-to-grid



scenario studies are starting to explicitly factor in digitalisation as a transformative force.

electrification of energy services — heat, transport

decarbonise digital optimisation increase energy flexible demand reduce demand
energy supply of systems efficiency dematerialise for energy
services

products & services
—
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[0 rsoc /\  NATGRID
O sou i GRUBLER
. SMARTER [ INHERIT
gergman & F_:oxon (2021 )._“Drive_rs and effepts pf digitalis_ation on energy_demand in Iow Car_bon scenarios.” . CREDS 0 CDBB
PRU Working Paper Series. Brighton, UK: Science Policy Research Unit (SPRU), University of Sussex.
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Digital technology can cut global emissions by
15%. Here’s how

013 This article is part of the World Economic Forum Annual Meeting

Bérje Ekholm

The time for action is now.
Johan Rockstrom

The Earth is facing an imminent risk of crossing tipping points in Earth's life support
systems. When that happens. self-reinforcing cycles will kick in that could potentially lead

https://www.weforum.org/agenda/2019/01/why-c o o @ o JO. TR B R,



Projections of GHE emissions from digitalisation.

KEY
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Figure 5, p84 in Royal Society (2020). Digital technology and the planet: Harnessing computing to achieve net zero. London, UK, The Royal Society,
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Figure 23: Statements about the benefits of using the internet. Split by digital capability segments. Sources 1 and 3

Digital capability

Advanced vs.
UK average 3. Established 4. High 5. Advanced Established

(% difference)
Helps me me to better connect with friends and family 82% 18%
Helps me to better organise my life 76% 34%
Helps me save time, so | can enjoy myself more 72% 27%
Helps me save money 69% 26%
Helped me find ajob 53% 53%
Feel more like part of a community 48% 19%
Manage and improve health 47% 26%
Helps me feel less alone 42% 8%

p27 Source: Lloyds (2018) UK Digital Consumer Index.
digitalisation has many benefits



