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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:
cheaply, quickly, connectively
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Digitalisation = general purpose technology



Digitalisation is ‘just’ the latest generation of information system.
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Source: Creutzig et al. (2022). "Digitalization and the Anthropocene." Annual Review of Environment and Resources 47(1).



The digital and computer revolution from the 1950s coincides with

the beginning of th
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digitalisation as ‘latest
generation’ of information system

Source: Steffen et al. (2015). "The trajectory of the Anthropocene:
The Great Acceleration." The Anthropocene Review 2 (1):81-98.
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Data traffic on digital networks is increasingly exponentially.

Entering the zettabyte era

KB kilobyte 10° bytes
MB megabyte 10¢bytes
GB gigabyte 10°bytes
TB terabyte 10%bytes
PB petabyte 10Ybytes
EB exabyte 10®bytes
/B zettabyte 102! bytes
YB yottabyte 10%bytes

1987 1997
2TB 60 PB

Sources: Cisco (2017). The Zettabyte Era: Trends and Analysis June 2017; Cisco (2015). The History and Future of Internet Traffic.

Internet data traffic is growing exponentially, tripling over the past five years

Source: IEA (2018) Digitalization & Energy: Webinar. 7 February 2018. International Energy Agency, Paris, France.



Carbon emissions need to be close to zero by 2050 ...

impacting all aspects of our daily lives.
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Source: Global Carbon Project (2021) Global Carbon Budget.
https://www.globalcarbonproject.org/carbonbudget/21/presentation.htm
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Source: Adapted from Breakthrough Energy.
[https://www.breakthroughenergy.org/our-challenge/the-grand-challenges]
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Opportunity for digitalisation:
substitute physical activity for digital activity

home-
working

video-
conferencing

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



Opportunity for digitalisation:
substitute physical activity for digital activity
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I
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| Low-High Estimates
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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%
] ] ] ] 1

+20%
|

[ZI 01GITAL HUBS FOR LOCAL FOOD F+: % carbon (Peano 2018) i |

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

23 meaL kits

F2: %A activity (Peters 2016) i I
F2: %A activity (Peters 2016) ii I
F2: %A energy (Fenton 2017) B I
F2: %A energy (Gee 2019) i I
F2: %A energy (Gee 2019) ii I
F2: %A energy (Gee 2019) iii
F2: %A energy (Gee 2019) iv I
F2: %A carbon (Fenton 2017) A I
F2: %A carbon (Heard 2019) i I
F2: %A carbon (Heard 2019) ii I

£ 1174 HouR APPS

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

>+100%

>+100%

Source: Wilson et al. (2020). "Potential climate benefits of digital consumer innovations." Annual Review of Environment and Resources 45:113-144.




Opportunity for digitalisation:
access services instead of owning goods
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Source: Fig5.2, Nakicenovic & Wilson (2019). UNEP Emissions Gap Report. Based on Grubler, Wilson et al. (2018). “A Low Energy Demand Scenario for Meeting the 1.5°C
Target and Sustainable Development Goals without Negative Emission Technologies." Nature Energy 3: 515-527.



Opportunity for digitalisation:
coordinate surplus supply with real-time demand

car clubs

ridesharing

peer-to-peer
carsharing

shared ride-
hailing

Photo Credit: ShareNow @Unsplash.
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Opportunity for digitalisation:
coordinate surplus supply with real-time demand

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

1 Point Estimate
1 | Low-High Estimates
[ Range

%A in activity, energy or carbon emissions

-100% -80% -60% -40% -20% 0% +20%
! ! ! !
t t t t

CARSHARING T1: %A activity (Clewlow 2016) |
T1: %A activity (Martin 2016) (B |
T1: %A energy (Baptista 2014) A I
T1: %A energy (Baptista 2014) B 1 1
T1: %A carbon (Baptista 2014) C | 1
T1: %A carbon (Firnkorn 2011) [N
T1: %A carbon (Namazu 2015) A (B |
T1: %A carbon (Namazu 2015) B [}
T1: %A carbon (Namazu 2015) C B
T1: %A carbon (Nijland 2017) (D]
T1: %A carbon (Rabbitt 2013) [ —

P2P CARSHARING To:

RIDESHARING T3: %A activity (Coulombel 2019) e |
T3: %A energy (Jacobson 2009)

T3: %A energy (Minett 2011) 1
T3: %A carbon (Bruck 2017)
T3: %A carbon (Yu 2017)

SHARED RIDEHAILING Ta: %b activty (Cai 2019) 1
T4: %A activity (Lokhandwala 2018)
T4: %A activity (Ota 2016)
T4: %A carbon (Cheng 2018)

T4: %A carbon (ITF 2017a) ——
T4: %A carbon (ITF 2017b)
T4: %A carbon (Liu 2018)
T4: %A carbon (Merlin 2017)

Source: Wilson et al. (2020). "Potential climate benefits of digital consumer innovations." Annual Review of Environment and Resources 45:113-144.



Opportunity for digitalisation:
exchange physical goods and avoid waste

food waste
platforms

w peer-to-peer
platforms

peer-to-peer
electricity




Opportunity for digitalisation:
control and manage resource use

smart
lighting
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Photo Credit: Green Energy Futures @Flickr. CC BY-NC-SA 2.0.



Opportunity for digitalisation:
control and manage resource use

KEY:

| Point Estimate
Low-High Estimates
Range
Synthesis

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%

CXN smarT 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

EEA smarr 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.



Opportunity for digitalisation:
integrate resources into optimised systems

INDUSTRY
SOLAR POWER PLANT @

smart
charging

vehicle
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HYDRO POWER PLANT TRANSPORT BUILDINGS
distributed Pre-digital energy systems are defined by unidirectional flows and distinct roles,
storage digital technologies enable a multi-directional and highly integrated energy system

Source: |IEA (2018) Digitalization & Energy: Webinar. 7 February 2018. International Energy Agency, Paris, France.
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Risk of digitalisation: A

rebound to more consumption if activity becomes easier or cheaper ng
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Risk of digitalisation:
intensify new forms of energy-hungry activity
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Risk of digitalisation:

contaminate environments through mining and e-waste
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Source: Malmodin, Bergmark & Matinfar (2018). A high-level estimate of the
material footprints of the ICT and the E&M sector. ICT4S2018 Conference.

Global reserves of 18 minerals for clean

energy (bubbles) + fragility and corruption

measures (colours)

Source: Church & Crawford (2020). Minerals and the Metals
for the Energy Transition. In: Hafner & Tagliapietra (Eds).

Photo Credit: Ondfej
Martin Mach via
I Wikimedia Commons
1 licensed under CC BY-SA
£ 3.0.



Risk of digitalisation:
manipulate, exploit, polarise - undermining human agency

Annual revenue of Google from 2002 to 2020
(in billion U.S. dollars)
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Of 270 job descriptions listed in the 1950 US census,
which one has been fully eliminated by automation?

Source: https://www.theguardian.com/business/2022/jan/09/do-smart-supermarkets-herald-the-end-of-shopping-as-we-know-it



Risk of digitalisation:
displace, divide — worsening inequalities of access and opportunity

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

Time spent in all US occupations, %

o o |G

Applying1 Unpredictabl% Data processing
expertise physical work
Managing Stakeholder Data collection Predictable
others interactions physical work
0-3 4-5 6-7 8-10 No Data
Source: p108, Exhibit 1 in McKinsey (2020). The recovery will be digital: Digitizing at Source: ITU (2017) ICT Development Index.

speed or scale. The Next Normal. San Francisco, CA, McKinsey & Company. https://www.itu.int/net4/ITU-D/idi/2017/index.html#idi2017map-tab
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Icons (Fire & Scales): Verry, Bohdan Burmich, Wira Wianda, Shaharea @NounProject. Icons (Star Wars): H Alberto Gongora & Icon 54 @NounProject.



Implications of digitalisation for energy, materials, and
carbon emissions are large but uncertain.

[direct impacts}

indirect impacts

systemic impacts

manufacture and use of devices and servers
efficiencies, circular economy

rebound, intensification

substitution, coordination, optimisation

scale, growth, acceleration
Al for SDGs, digital twins, renewable grids



Future impact of digitalisation on climate depends on the
design, use, and regulation of digital technologies and services

Digital with
Purpose:
Delivering a
SMARTer2030

Deloitte.
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Digital technology can cut global emissions by
15%. Here’s how

f the World Economic Forum Annual Meeting

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

° o @ ° to a ‘hothouse Earth’ state.



lllustrative pathways for digitalisation in the Anthropocene:
Impacts on climate, but also agency and equity.
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Creutzig et al. (2022). "Digitalization and the Anthropocene." Annual Review of Environment and Resources 47(1).



lllustrative pathways for digitalisation in the Anthropocene:
Impacts on climate, but also agency and equity.
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Creutzig et al. (2022). "Digitalization and the Anthropocene." Annual Review of Environment and Resources 47(1).



lllustrative pathways for digitalisation in the Anthropocene:
Impacts on climate, but also agency and equity.
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Making the ‘Deliberate for the Good’ future scenario a reality:
directed digitalisation for public purpose.

- tackle e-waste through circular economy
planetary boundaries - proactively constrain rebound and intensification
- strengthen resilience to natural hazards

- regulate data-based monopolies
equity - mandate private-to-public data sharing
- invest in universally-accessible digital infrastructure

- empower digital subjects and data sovereignty
human agency - embed digital skills, capabilities, and citizenship
- ensure democratic governance of the digital world
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