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Drivers and effects of digitalisation on energy demand
In low carbon scenarios
Noam Bergman Tim Foxon

Abstract






2 Methods and data

The study is an iterative process, attempting to capture the framings and assumptions
underlying different studies of lowarbon transition scenarios, and if and how ttedgte this
WUDQVLWLRQ WR W KupidtialdnsbBisiveldbhsideOhe\rlv& oY change
and the relation between the two transitions in different scenarios, considering tloé roles
peopleandtechnology. Second, we giam interpréve analysis of each study in relation to

four framing assumptions, as a demonstrable way of differentiating assumptions in different
scenarios and pathwayshird, we use the framework of Lange et[al. for investigating

effects of digitalization on energy demand, alongside the areas in which digitalisation might

impact energy demanébllowing Lange and Santari(i].

2.1 Core framings of scenarios

We describe four dimensions that assist us in characterising studies and scenarios in terms of
their underlying assumptions and relation to the digital revoluliba.first two speak to

central debates about decarbonising the energy sykiensing orenergy supplyor demand;

and the tensions between economic growth and emissions reduction. The latter two suggest
different pathways for digitalisation: domination of large businesses or a shift to other
business models; and a focus on user agency or aumomidie positioning of each study is
interpretive based on textual analysis of the documétesail in Appendix 1)It is semt

guantitative approximating theositionof each scenaricelative to other scenarios
2.1.1 Supply and demand

Until recently, thdfocus of much of climate change mitigation research has been on-supply
side solutions, primarily technological solutions, and even IPCC assessment reports prior to
WKH WK 3HP SKDYVL }isé&eftidre8dy BUY pidwideidQitBe insight into the nature,
scale, implementation and implications of demartt solutions, and ignored associated

changes in lifestyles, social norms and viing” [3].






transport through autonomous vehicles, lower energy costs through solar etc. Public
RZQHUVKLS RI WHFKQRORJ\ HQVXUHYV EHQHILWY DUH GLVWL

Hence, we distinguish betweaarrativesn which a dominant business model sees large ICT
firms, making technologyased changes, profiting from user data sales and other benefits as
digitalisation and ICT penetrate more sectors of the econantynarrives which feature

more localised ICTa digital commons, and social and environmental aspects in addition to

the technology.
2.1.4 Automation or Agency

This reasoning for this axis draws partly on the smart homes literature, which finds two

opposing narrativesegarding contro]10]: in one, informing and empowering consumers

KHOSV WKHP PDNH EHWWHU pHQHUénBKIR)gastsmgt H J JRYHU
technologies offer consumers more control over energy use, in turn helping to lower bills

[11,12] In the other, smart technologies to act with minimum consumer patrticipation, as they
ZRXOG ZRUN EHWWHU E\ pFLUFXPYHQWLQJY XVHUV WR RSW
representation has been criticised in the context of domestic lsomagstechnologis

(SHTSs) the first presents an informed consumer as an unrealistic autofh3jowhile trials

suggest users limit themselves to the more basic functions of Bi8;sl}, the second

implies an indifferentonsumer, leaving no room for an engaged citizen; this approach could

miss opportunities for domestic energy savings through demand side manald&hent

Unlike this dichotomy, thagencyend of our access is the engaged citizére Grubler et al.

[4] narrative of useled change through new functionalities of digital technologies and

servie@s is an example of an agerley narrative.

So, we distinguish between narratives in which automairenmg.824 3while trials



1. E-materialisation: replacing physical products with electronic / digital delivery of services
2. Enabling a stable, decentralised, renewable energy supply

3. Promoting more sustainable consumption patterns, e.g., giving access to information about

products and services, enabling prosuming and sharing economy models

4. Reducing transport needs through teleworking and optimisation through digitalisation of

sharedmobility, public transport and logistics networks

5 1, QGXVWU\ 1T GLILWDOLVDWLRQ RI SURGXFWLRQ SURFH’

efficiency.

However, they note, that in each of these areas, direct and indirect (rebound effects) drivers of
increases in levels of engse consumption could reduce or negate the potential energy
savings. In this project, we will focus particularly on demaru#® areas 1, 3 and 4 above.

We also draw ohange et al[1], whoset out an analytical framework for investigating four

effects of digitalization on energy demaimttluding a methodology for quantifying change:

Effect 1. Energy consumption of ICT sectgmowth of share of ICT in overall GDP,
mitigated by energy efficiency improvements in delivery of ICT services

Effect 2: Energy efficiency and rebound effeetdent towhich application of ICT improves
energy efficiency of the rest of the economy, and leads to rebound effects in increasing

service demands

Effect 3: Impact of digitalization on overall economic growthpacts of increasing use of
ICT on economic growthn relation to labour productivity, income inequality and energy

consumption
Effect 4: Sectoral changshare of ICT services in overall ICT sector and GDP.

$V ZH GRQYW KDYH DQ HFRQRPLF PRGHO ZH DUH LQWHUHV!
and thei interactions, in relation to (i) current trends of digitalization of the economy, (ii)

alternative visions of plausible or desirable futures. These will be assessed in relation to

impacts on energy consumption, economic growth (as measured by GDP) ineguality

and time spent on neconsumption activities.

Considering our interest in the areas where digitalisation could reduce energy demand, we can

detail the four potential effects within our interests as follows:
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Shorthand | Title, organisation or project, year Area Focus Scenarios
7KH 6L[WK &DUERQ %XGJHW 7@dhnditt§evon3 D o Central scenario and four
CCC ] Net Zero emissions by 2050 ]
Climate Change 202[5] exploratory scenarios
RSOC Digital Technology and the Planet: Harnessing Computing to Achie Net Zero *challenges for
Net Zerg The Royal Society 202(16] UK digital technologies
Zero Carbon Britain: Rising to the Climate EmergenCgntre for ) )
CAT ) Zero carbon UK by 2030 Single scenario
Alternative Technology (CAT), 201@.7]
CREDS The Role of Energy Demand Reduction in AchievingZdet in the UK Net Zero emissions by 2050| Four scenariosyblevel of
CREDS 2027118] trole of energy demand ambition
CDBB Four Futures, One Choice: Options for the Digital Built Britain of 204 Built environment in 2040 Four scenarios (2X2);
Centre for Digital Built Britain (CDBB) 202]19,20] Great Britain| (including 1.5C target) qualitative
NATGRID




3 Relations, drivers and influences in the scenarios

Our first analysis is to look at how different scenarios considaethgon between the two
transitions, and corder how theirdrivers of changeelate to these transitions

3.1 Relation between the transitions

The scenarios show a variety of perspectives and approaches to the relation between the low
carbon transition and the digital revolution. CHF] GRHV QYW FRQVLGHU WKH GLJ
beyond grid balancing, and BOL[R3] focuses on societal change over technological

solutions. The rest of the scenarios recognise the importance of digitalisation to some extent.

Both CCCJ[15] and NATGRID [21] see digital technology as havingiarportant role in the

transitionto andmaintenance ok complex zeraarbon economy, although both offer limited

detail. CREDS [1g] includes digitalisation as one of the higlvel trends enabling reductions

in energy demand, including through improvingnisport logistics and mobility services and

smart systems and services in buildings.

Several narratives highlight changes already evident, anceghetatre changes to everyday

life, from thedigitalisation of society. They all engage with the relabetween the two
transitions, although from different perspectives. INHERJ] and CDBBJ[20] both

envision future societies that are highly digitalised and interconnected, and both show
different levels of success in reducing energy or emissions in differerarexerRSOJ16]
highlights that policy is central in creating the conditions for digitalisatioat@yse a low
carbon transition, recognising that ICT could potentially increase emissions. SMARFER
also suggests a role for policy, but focuses on how ICT can ensure economic growth under
policy constrained emigms. Finally, GRUBLER4] sees useled change and consumer
demand as the enabler of rapid uptake and pervasive digitalisation, in turn enabling

optimisation and dematerialisation leading to emission reduction.

3.2 Drivers and causation

The assumed drivers and direcis of causation in a leearbon transition vary from scenario
to scenarioCCCJ[15] suggests a transition driven by polieg change, with government
action and both public and private investment in-taxbon technologies. The spread of{ow
carbon electricity generamgprecedes electrification of transport and heating. REGLC
highlights the disruptive nature of digitalisation, and the need for policy and investment to

9



ensure ICT expansion leads to more sustdautcomes. NATGRI21] suggests greater

socetal engagement, as well as policy action, can lead to faster decarbonisation.

BOLL [23] suggests societal tramsfmation reducing demand and increasing wellbeing is

feasible; the difficulty is envisioning broader transformation. In complete contrast, the
SMARTER][24] highlights the potential of ICT to save energy and increadleeugy, with

SHRSOH DV pFRQVXPHU SRZHUY GULYLAsitsBeniz@hert D ORQJV LG
between, maximising use of current, not future, technology, accompanied by societal change;

the clange is motivated by near future climate impacts galvanising support for collective

action.

INHERIT [22] has different driving forces in different scenariisusiness, government,

local government, and governmédnisinesscitizens. Technology ple& a bigger role in

scenarios where the private sector is the driving force. C2BBhas two scenarios in which
the 1.5°C is met; in both, government and industry decisions to focus on environmental and
social value, including reducing greenhouse gas emissions, pégyral& in the transition,
alongside digitalisation. GRUBLER] stands apart in affording great change coming from

people seeking better quality of life, and better digital products and services as part of them.
All'in all, we see that policy, technology, societhbhnge and bottomp demandtnot
necessarily climate relatethre all seen as possible, and ifridated, drivers for change.

3.2.1 People

The role of people, as citizens, activists, users and consumers, is central to scenarios. One way
WR ORRN Dd irstheRe@@xt Hf\hew digital technologies is to consiger

functionalities new practices that eevolve between user and produf25], as an emerging

trend. In the context of a simulation or scenario, this requires behaviouratghifers that

PRYH XVHUV WRZDUGV @R6QHZ uSUDFWLFH VSDFHY

GRUBLER sees people as the driver of new functionalities through a search for a better

quality of life. This suggests a high level of consumer empowermenidrih considering if

10



public a moe modest role, considering that consumers might demand more transparency as to

the manufacturing of good€AT suggests that climate change impacts in the near future will

provide motivation for change to both the public and policymaker, gathering momiamtum

the collective action requireblATGRID considers théevel of societal change as one

parameter distinguishing scenariosterms of ambition for decarbonisation, whil®BB

considers social changes that resulgireater value on lowerarbon actiities, such as

creative pursuits, sharing and repairing economies, careers in caring and spending time in

nature with the people we l10f20] (p 39) BOLL goes as far as social transformatigwith

less use for new technologiésHERIT contrasts an individualistic dymac with a
FROOHFWLYLVW VRFLHW\ ZH VXJJHVW *58%/(59V DSSURDFK

more collectivist.

KHWKHU FROOHFWLYLVW RUsa@iGphortdanG WO we Mddth$1elRSOHYV D
transport and home energy use effects many assumsf people engaging with technology

(and climate change) and changing their behaviour to reduce energy deeeh?). We

again stress that this is not necessarily the case: different assumptions about behaviour and

lifestyle lead to different future projections.

3.2.2 Technology and data

11






of the tension between economic growth and decarbonisatiohW pPLQFOXVLYH JURZWHEK

mentioned.

CREDS highlights how reducing demand lowers the pressure to decoédleguestions

13



Figure 2 Perspectives on growth, from decoupling growth from emisstbesgreen growth (leftmost),

to including wellbeing and environment alongside growttguiding the economymiddle left) to
decentring growthand focusing on other parameters (middle right), to intentional shrinking of the
economy to reduce environmentapewt while focusing on wellbeingj.e., degrowth (rightmost).

In relation to ICT business models and ownershai all of thescenariogngage with these
issues. To avoid ovanterpretation, we do not assign a score to CAT, CREDS, and
NATGRID. Among tlose that deonsider business modglsgure 3,there isa large scatter,
from a business as usual approach éfif@ctivelyfavours large incumbenttrough to

CDBB who press for regulation and more inclusive ec866
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The rise in datan turnleads tanore data centres ahigher energy demand, aliingh this is
tempered by cloud servers increasing efficiency, and increased efficiency of data centres (e.g.,
by using excess heat for other purpo$&s)16,21]

Devicesfindividual energyfootprint could be reduced through increased efficiency, including
through economies of scale, standardisation, and rapid innovation ¢yolesver, we

suggest there is a tension betweamgkvity (through policy orgrsonal responsibility) and
repairability (requiring political supporntyhich couldact b reduce energy use per device, and

rapid innovation cyclesvhichmight encourage shorter device life.

While overallmost scenarios suggest direct energy demah@Dtan be reduced despite
increased usage, this is not guaranteed. The increased efficiency of devices and cloud servers
must balance out against increased usage, increased flow of data, and life cycle energy

demand of devices.

Further, the rate of effiency improvement is crucial: a model of global communication
technology[28] show three scenarios from 2010 to 2030, with the same number of devices
and data, but different annual improvements in efficiency of production, use, datacentres and
network. Their modeyields a 2030 ICT electricity footprint varying by an order of

magnitude, from 2,700TWh (best) to 30,700TWh (wokasthile the size of the gap between
scenarios has been criticisedg., 29] this nonetheles shows the importance of clear

justified assumptions, including life cycle analysis, about devices, datacentres, other
infrastructure, and shifts of energy use between them, as well as a clear narrative about the

evolution of the internet of things.

-~

Energy efficiency and rebound effects

We consideefficiency and rebound in two key domains where digitalisation has pramise

home energy use and transport.
5.2.1 Transport

Theimpacs of digitalisation on transpodre summarised ifiable 3 Nearly all scenarios
suggesthat teleconferencing and remote workoamn reduce travel mileeand save energy
especially in the Global Nortffhis is invoked most frequently around commgtibut could

be extended to leisure travel, studying and more.
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Smart appliances as part of smart energy systems are also predicted to reduce energy demand
through automatiorwith sensors and artificial intelligence adjusting light, air quality and
KHDWLQJ IRU UR2j.WhitQridan forqekl ¢dBdvbe designed to facilitate working

and studying from hom0], CREDS[18] highlightstheincreased energy usageworking

from home.

Overall, there are underlying assumptions that increased ICT and connectivity will improve
quality of life while reducingenergy use, partly through shaping bebaviand partly through
automationWe suggest this is highly optimisti€irst, becauseamfort andconveniencere

assumed, without considering rebound effects of increased consumption (of heat, lighting,

data, or entertainment) due to ease of use amgep#iciency of appliances. An Australian

study into smart homg82] challengs convenience narratives, suggegtmat homes will
HQJDJH UHVLGHQWY LQ QHZ IRUPV RI KRXVHKROG ODERXU

becoming a chore in itself.

Secondlit is notclear how much energyn indeed be saved through smart hesfieiency
measuresEnergy savings will need to be prioritised tlas same studj2] found that current
marketing stratd LHV pSULRULWLVH GHYLFHVY DQG H[SHFWDWLRQV
92).

18



losses de to automatiofil8]. Finally, mmpetitive digitalisabn is tiedwith more growth and

thereforehigher energy usg@3] +an economy wide rebound effect

Second, in contrast to the previous categories of digitalisation impacts, there is no overall
picture emerging from the different scenarios. Rather, we find a baoge of possible
impacts. We suggest further research is needed on the effects of digitalisstmnomic
growth, and through tn energydemandas the impacts are complesncluding micre and
macreeconomic parameters, interactions between difteaetors, policy dependence and

more

19



Table2 Direct effects of digitalisation aniCT.

Effect Details
X There is a need to insure continued improvements of devidesign, repair and upgrades

Increased efficiency of

devices

20



Table3 Indirect effects: Efficiency and rebound in transport.

 Effect Details

21



Table4 Indirect effects: Efficiency and rebound in home energy use.

Effect Details
X  fmart meters could contribute a 25% emissions saving from UK homes by 2035 (compared wigh&8), Hy enabling a flexible,
decentralised and decarbonised energy sy§tEnp 26]
Smart energy systems Energy management and automation could reduce up to 4K VHKROGVY &2 [2ARQVXPSWLRQ
enable improvements X

Smart appliances, smart meters enable demand management and load2h]fting
X [22, p 27]tell us thatthe behaviour of humans within the house, as well as indoor air qual

22



Table5 Digitalisation effects on economic growth.

Effect

Details

Rapid innovation cycles

X

, &7 HQDEOHY EHWWHU IRUHFDVWLQJ DQG PRQLWRULQJ RI HPLVYVLR Qdlbgiefud
PDUNHW[IEDVWHUT

Data as economic driver

x

Achieving this transition requires business models and technology approaches tiiettmeconomic value from the use of data,
supported by action at different levels to ensure everyone in society can access these and participate in new formis afcgedndi
[16,p90] ([DPSOHV IRU hFUHDWLQJ YDOXHY DUH JLYHQ HJ PRELOLW\ DV D V

Digital skills as economic
driver

Digitalisation hasppportunities for individuals to reskill and upskill as tieure of their job changes due to digitalisafiid®, p 12] +
leading to increased productivity.

Assetlight business modelg
driving growth

Innovative new business models are disrupting existing businesses, delivering exponential growth witfhbssiness structures.
... As digital density increases through rapid smartphone penetration, new business models unimaginable a decade ago have
potential to transform our lives and to drive strong growth opportunities across the different §@etops27]

Competition driving growth

23

Competitive digitalisation is a catalyst for more grow#&ind more energy ussif the trend of digital futures shaped by big compani
continueq23]




6 Discussion and ¢ onclusions

Our discussion starts with the results of Section 5 on digitalisation and energy demand, and
lessons for policyoriented scenarios. We then turn to questions of digitalisation and
economic growth. We then considgmeimplications of our work for scenarlauilding,

before listing a few final conclusions.

6.1 Direct, indirect and rebound effects

As discussed in Section 5, the main potential driver of increasing energy demand is the
massive projected increase in the number and usage of ICT devices. Partiduéaid\yenergy

use represents a significant input cost for suppliers and users, this will stimulate
improvements in energy efficiency and some changes in user behaviour that will act to offset
this increasing energy use. However, the extent of this offgetfihdepend significantly on

the path of digitalisation.

Indirect effects of digitalization on home energy use and transport are also likely to be
significant. Smart energy systems within homes offer the potential for users to reduce their
energy demandhilst maintain or enhancing service provision, and to provide services to the
system, such as demand management and load shifting, which will improve system efficiency
and mitigate primary energy inputs. However, the realisation of these benefits witiddep

partly on user behaviour. We found thiae

24



Indirect effectdn relation to transport include virtual interactions substituting for travel,

25



6.2 Green growth and energdemand

In mostofthe yWJUHHQ JURZWKY GHF D high& @uelsDMhiatem BitiQ DUL RV
reducing costs of digitalisation are assumed to drive higher labour productivity and overall

26



acceptability and the feasibility of economic and social structural changes that may be needed
to introduce these optionsther than investigating the drivers ofrieasing service demand
[36].

While the emergence of such new funcébiies is recognised in some scenarios, more
attention to the implications for energy demand is nedé®dexamplewhile a few of the

scenarios consider tlehanges in work and leisure practices associated with moves to
augmented reality (AR) and virtueality (VR) as part of the digital world, theotential

energy demand implications tifese shifts is not captured.

Second, & suggest some scenarios have a simplistic approach to both individual behaviour
and social chang@ot considering the wealdnd depth of social science available on these
topics Further, we note that some scenarios assume optimised social engagement with
technology that maximises energy savingsere arexplicit or implicit assumptions in some
narratives about behaviours compatible with, or even assisting, deep decarbonisation; and
about technological development pathways that lead to efficiency improvements that more
than offset increased energy usanrdigital technologies. We suggeggitalisation
pathwayseedbetter justificatiorfor such narratives, with lessons for policy makers on

governance of digitalisation of society that will maximise energy demand reduction.

Third, we suggest more attemti needs to be given tbe plausibility of scenarios, and
specifically to the various social changes they assumecént reporf27] considers what
makes future scenarios plausible in the context of climate change, breakintheith
optimism bias that pervades much of existing decarbonization reséar@. In

consideration of different social drivers, they found that lsotiporateresponses and
consumption patterns currently inhibit decarbonisation, and overall assess that deep
decarbonisation by 2050 is not plausialthough such futures could becomere plausible
with public pressurand consistent litigation and action from governmbonlinear social
FKDQJH DFWLQJ DV UVRFLDO WLSSLQJ SR[BT Wit {mes®yx OG KHO
government led) interventions to precipitate them; others consider the importance of civil
society and social movements as agents of chi@&yeScenarios would do well to consider
the magnitude and ndmearity of socihchanges they assume, and justify the plausibility of

such changes, including the precipitating events and actors.
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6.4 Conclusions

This paper has highlighted the importance of considering the interactions between the digital
revolution and the net zemarbon transformation of energy and economic systems, but the

need for this to be further explored through scenario analysis and participatory dialogue. The
direction of causality between factors is not always clear in the scenarios, and aspects of this
causality need to be further unpacked in future wésumptions about social, technological

and economic driverlgad to very different futures particular, we note that assumed

GULYHUYVY DURXQG SHRSOHTV EHKDYLRXU DQdBcyrRINLRQ WHF
governance can lead to different futures.

We suggest thatqgticy support for technologis not enoughas there are different trajectories

for technological development, as discussed alf®@me choice in trajectory,directionality

of policy [39], is needed for digital innovation to suppedcial goals such a&nergy demand

reduction and decarbonisatidfor example,th8. JRYHUQPHQWY{V VXSSRUW IRU
vehicles[40] builds towards a technological substituteaming to decarbonise surface

transport. However, this search foreghnafix might hinder a deeper shift to a lower energy

(and emissions)grsonal transport sect@s it maintains a higdlemand and higenergy

transport sectde1].

A transition to a net zero society by 2050 or earlier will require many interacting changes in
technologies, institutions, business models and user practices, in which IChawsith

crucial role to play. Achieving wide public consent for these changes and overcoming the
resistance of vested interests to changes will require informed public debate on these issues.
The further development of more integrated-cavbon and ICT scarios explicitly

including different drivers and causation patteowyld play an important role in thiShe

role of digitalisation in these debates is important, as ICTs and associated new business
models and practices have the potential for reduenaggy demand through improving

energy efficiency and stimulating economic structural changes, but also the potential for
increasing energy demand through direct energy use and stimulasipgrrding leading to

economic growth and econormjide rebound eécts.
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7 Appendix 1: Interpretation of dime nsions

Here we give our interpretation of the narrative framing of the role of digitalisatiecim

scenario, in relation to odlour dimensions represented as the faxgsin Figures 2 4.

7.1 Climate Change Committee 2020 repatCCC

7KH 8.1V &OLPDWH &HKIBRWUH S&KRRIPP IGHWHBDH OV UHFRPPHQGDWLF
Sixth Carbon Budget (2033037), in the context of reaching net zero by 2050. It calls for
FRQFHUWHG JRYHUQPHQW DFWLRQ RYHU Wiss eQdry] W \HD U\
VHFWRUY LQ RUGHU WR HQDEOH WKH WUDQVLWLRQ

The digital revolution is mentioned alongside the-cavbon transition, although it is not

discussed in detail. Digital technology is seen as having the role of an enabler, and
digitalisation will bepI XQGDPHQWDO WR WKH RSHUDWLRQ RI D 1HW =
flexible energy system reducing the cost of the transition.

The report details pathways to net zero carbon, focusing primarily on decarbonising supply
and uptake of low carbon technologi&/e focus on the main narrative, Bedanced
Pathway to Net Zeran which missions fall most rapidly in the electricity supply sector,

primarily through renewables. Buildings, transport and other sectors build up to peak rates of
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decarbonisation durinifpe 2030s, as heat pumps and electric vehicles replace existing

technology. This pathway requires scaling up investment irckmivon options.
7.1.1  Supply/Demand

There is a supply side focus, in decarbonisation of the electricity grid, with demand side
measure mostly restricted to uptake of lesarbon technology, via electrification of vehicles
and heating. Reduced demand for energy services, e.g., though changes to diet or travel,
accounts for only 10% of emission reductions, and efficiency gains for 5%.r0esitke
measures make a proportionality larger contribution to emissions reductions in the early

period up to 2030.
7.1.2  Growth

Economic growth is part of the narrative, assuming GDP growth of 1.6% from 2027 to 2050.

The narrative takes a green growth approacggesting there ar@pportunities for

economic growth as we transition to a green econfpndy ZLWK pPLQFOXVLYH JUR
mentioned. Tension between economic growth and decarbonisation is not discussed

explicitly, although there is consideratiohemissions as a function of growth in demand in

different sectors.
7.1.3 Business models and ownership

The lack of specification suggests persistence of dominant large firms and current business
models for ICT. This can be seen in the general approach thaaklbon technologies,

products and services are driven by an investrdanén shift, led by the private sector.

While the narrative highlights support for new innovations, there is no similar move towards

new types of business models.
7.1.4 Automation/Agency

This is not discussed explicitly, so hard to gauge. The emphasis on optimisation through smart

technologies suggests a slight lean towards automation.

7.2 Royal Society 2020 reportRSOC

This UK report from the Royal Sociefy6] on the role of digitalisation in achieving net zero
stresses how digital technologies have already transformed the economy and changed our

lives, not least through communication during the COVID pandenmacgites that they will
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digital technologies in terms of jobs lost and created, for example changes in the transport
VHFEFWRUTV ZRUNIRUFH G X BuggeRts|digitalX datdcH) smMArESiPsEEVsLcRQ | W
RINTHU pDV D VHUYLFHY EXVLQHVY PRGHOV LQ YDULRXV VHF\

While digital technologies are seen as enablers and catalysts, perhaps even triggers under the
right conditions, the right policies are needed to divK DQJH 7KLV LQFOXGHYV SROL
FULWLFDO GLJLWDO LQIUDVWUXFWXUHV IRU QHW JHURY S
7KHUH LV D UHFRJQLWLRQ RI SRWHQWLDO pG\WVWRSLDQ VFH
rise in emissions. Thiincludes datdriven unsustainable scenarios, where data and ICT offer

cheap production and efficient deliveries, bolstering consumption, and digital technology

increasing efficiency of fossil fuel extraction, maximising its use.
7.2.1 Supply/Demand

While boh the demand and supply side are addressed, this report leans towards supply side

management with renewable and decentralised supply. The demand side changes are around
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7.2.4 Automation/Agency

2Q0Q WKH RQH KDQG WKHUH LV GLVFEFXVVLRQ RI PDFKLQH OHD
RQ pGWDHQ V\V WtiHgs\gfiificahKauddiation. On the other hand, digital

technologies are described as enablers, stressing that their development shoaldsbee

and grounded in engagement with all stakeholders and communities affected by tfigir use

6). Further, here is a stress opgnabling individuals to interrogate the output of digital

systems for net zefffp 61). This suggests a balance between automation and agency.

7.3 Centre for Alternative Technology reporCAT

The lates{17] Zero Carbon Britain report from the Centre for Alternative Technology does

not model or show pathways, but rather aims to show a viable, technically feasible picture of

the UK in 2030 at zero carbon. ItstwoDLQ WKHPHY DUH PUSRZHULQJ GRZQ G
MSRZHULQJ XS Thid fepor Baisddd ahbitious climate change policy, requiring a

shift in policy priorities, althoughte focus is on societal and cultural change.

7KLV VFHQDULR XV HavailaBl€now anvdtarkeQtiRi® isd,\or technologies which
KDYH EHHQ GHPRQVWUDWHG WR ZRUNY S ERWK WR HQV
act. While digital life is not discussed, smart appliances and smart electric car charging are

consideed alongside storage to help balance the renewable energy powered grid.

7KHLU SODQ LV WR pUHWKLQN WKH HFRQRP\ EDVHG RQ KDL
ZLWK RXU HFRV\VWHPVY S +RZHYHU 7KH HFRQRPLF FK
e[SHFWHG 8. LQGXVWU\ IRU HI[DPSOH pLV VLPSO\ D PRUH F
WRGD\Y S

7.3.1 Supply/Demand

This scenario assumes great changes in both supply and demand, with detailed analysis of
balancing a grid with renewables, storage aexilfiility. Within this, they have one supply
IRFXVHG VFHQDULR ZLWK QXFOHDU ELRPDVV &&6 DQG LPS
VFHQDULR ZKLFK XVHV VROHO\ UHQHZDEOHYV IRU VXSSO\ LC
scenario, with insulation and &filent appliances reducing the need for lifestyle change, also

renewables powered.

Overall there is a reduction of about@6% in energy demand, depending on scenario.

Meanwhile, coal, oil and natural gas are phased out completely. Renewables, brafuels a
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includes more specification about supply, e.g., discussigesifient microgrids running on
100% renewable sourc§50). The focus on a digitalgnabled efficient built environment
puts it somewhere in the middismart, efficient cities and homes is a big shift in how
services are delivered, but not in whkatvices we requir®verall, this is a balance of supply

and demand, or middle of the axis
7.5.2 Growth

In the scenarid\ Legacy of Hope®GDP is in a long decline, and by traditional measures this
would be an economic depression. However, today our ecomoadlels value the natural
environment and human wellbeing alongside economic gri{pt4) This suggests growth

is not abandoned, but is only one economic measure; GDP decline is a result of shrinking
consumption due to an ageing population and high dkgpey ratio. In thé&eneration Zero
scenario, GDP rises. The scenarios decentre growth, but do not explicitly aim to shrink the

economy, putting it midway towards the degrowth end oathe
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more equitable and sustainable lifestyles in Europe by 2040. Al and automation taking over
many everyday tasks, and companies use large amounts of data to offer personalised services.
ThereareVPDOO HQHUJ\ HIILFLHQW OLYLQJ VSDFHV ZLWK D puVi

benefits are not guaranteed due to resource use and waste from the high level of technology
7.7.1  Supply/Demand

The focus here is on renewable energy and efficiency of demand, sgtattention to
reducing demand for services. However, some demand becomes virtual, reducing travel, for
exampleand smart systems maximise energy efficiefidys suggests a middle of the road

value
7.7.2 Growth

Economic futures are not detailedthough théocus on health, equity and environment show
that wellbeing is central to this work in all four scenario. Nonethelksge is no

consideration of limitations of growth heita.our chosen scenarldy life between realities

the dominance of markets apdwerful companies suggest a position towards the green
growth end of the axis

We also notehat in thelLess is more to mecenario (public sector driven, individualistic

social dynamics), there is a more explicit departure from current econgfragdtional

JURZWK PRGHOV DUH FKDOOHQJHG E\ WKH QRWLRQ RI 30HYV
which challenges established business and fiscal m§ige®8), putting in further towards the

degrowth end of the axjsighlighting differences betweetaarios
7.7.3 Business models and ownership

In this private sector driven scenarifthe concentration of power and competition between

few large companies leads to efficient processes but holds the risk of these companies being

more powerful than democraticechanism$§{(p 30) tthis suggests a few superpower

companies, firmly at one end of the axis, with challenges to data protection. So while

ICitizens are critical consumers and ensure that companies act in environmentally and socially
sustainable way¥p 66), we suggest they have limited power to challenge large powerful
companieghat controldata and even spanmspY LUW XDO JUHHQ VSDFHVY IRU WK

access to outdoor green space.

7.7.4 Automation/Agency
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The narrative suggests high levels of autom@ioDV p$SUWLILFLDO LQWHOOLJHQF
GLITHUHQW WDV N {p 290Dék) ldaunicyxgodthrmbl fhake health
UHFRPPHQGDWLRQV DQG VHQVRUV DFariet \fhateksRmatty WR LQKLE
system and datled automation ensuring éffency, | R U H [ D th&letivhviqur of humans

within the house, as well as indoor air quality are carefully monitoreithéegtated into the

VPDUW KRPHY S CitizHER/ ZXULROH PP W K HA.26),Ghis‘tteQalioVeds F H V |
towards the autoation end of the axis.

7.8 Heinrich Boll Foundation report +BOLL

The starting point of the repoA, Societal Transformation Scenario for Staying Below 1,.5°C
[23], is the difficulty of keping to the 1.5°C limit. It focuses on the challenges in reconciling
the need for net zero by 2050 with the assumptions of IPCC scenarios that global economic

growth must continue until 2100.

The report is critical of the IPCC for failing to address béha change and focusing on

technological options. It includes societal change pathways not currently considered in the

IPCC reports, and suggests these are lacking in public debate. Their pathways highlight
HOLPLWLQJ JOREDO SUR G Xdohehwrsipnidga®BrdateQsdcidaE WLRQV DQ
WUDQVIRUPDWLRQY S 6SHFLILFDOO\ WKHLU 6RFLHWDO °
economic activity in the Global North, while assuming increased consumption in the Global
6RXWK D puFRQWUDF®ciDQG FRQYHUJHY DSSU

This scenario assumes a shift from growth to a focus orb&&ly and reducing

consumption. This means scaling down of enenggnsive parts of the economy, destroying
established profitable business models, leading to a decline in economic geanghcurrent

jobs and clashing with lifestyle habits. They acknowledge that some might see their narrative

as unrealistic, but suggest these stem from assumptions about current societal constraints, and
MWKHVH DVVXPSWLRQV P XV Watddn be-bydddorGeirdt &\argukéEnG O HQ J H
DJDLQVW D FRPSUHKHQVLYH VRFLHWDO WUDQVIRUPDWLRQ

7.8.1 Supply/Demand

The focus on social change in the Global North suggests a demand side approaale e.g.,
chose societal changes that lead to substamtiglseon reduction§p 32). In the STS
scenario, the drop in demand means primary energy production falls by 60% by 2050, less
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than 10% of which comes from carbbased fuels. However, supply plays a role too, with

scenario assumptions of ambitious rende@md energy storage development.
7.8.2  Growth

This report questions the growth paradigm @sowth is neither a good indicator of quality

of life nor a realistic and effective strategy to alleviate poverty (in the countries of the Global
North) f[p 21). Wellleing is prioritised:nstead of focusing on material welfatéostering
economic growth, competition and prefitaking £we focus on fulfilling concrete human

needs and serving common welfas®ostering cooperation, care, solidarity and sustainability

in order to achieve a good life for §lb 66) This is a degrowth scenario.
7.8.3 Business models and ownership

The narrative suggests a clear preference for a digital commons type approach, criticising

competitive digitalisation as a catalyst for more growtti anergy use. Digitalisation is only
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The dynamic includes rapid social and institutional change in energy systems, not just
technological change. It is less dependent on climate policy than most low carbon scenarios,
as downstream changes drateuctural change in intermediate and upstream sectors, causing

a supply side transformation.

This narrative strongly ties the low carbon transition to digital revolution. It is the pervasive
GLIJLWDOLVDWLRQ DQG pVPDUWY Y\opivhis&tivn oV sevidesHBQAD EOH G

other energy and emissions saving phenomena.
7.9.1 Supply/Demand

The focus of the work is a low energgmand scenario, ggnd-use is the least efficient part

of the global energy system and has the largest improvement pofign&ab). This
HGRZQVL]LQJYT RI WK H -aatbohsHiplyrsidd\nbke fBasibiR. ZVhile supply is

DOVR FRQVLGHUHG LW LV PRUH RI D uyPDLQVWUHDPY GHFDL

7.9.2 Growth

There is no direct engagement with the question of green growth. Howexegper

acknowledges that the transformational changes in the narrative have implications for
economic growth, commaodity prices, trade patterns and other economic indicators, suggesting
they are not challenging the green growth paradigm. The dematéioaligzus suggests a

belief in significant decoupling. On the other hand, the drivers towards quality of life, and
especially raising living standards in developing countries, suggests a focus on wellbeing
beyond mere economic grow#ind we assign a vaueaning towards green growth
However,KeylRer and Lenzej8] note that while the Grubler et al. do not explicitly consider

the effects of their scenario on GDP, Hiclgl] considers it a degrowth scenario, as it shows

uD SODQQHG UHGXFWLRQ RI WKH PDWHULDO DQG HQHUJ\ W
KeyRer and Lenzeimterpret this as GDP shrinking, as the drop in energy demand would

otherwisedemand an unrealistic decoupling
7.9.3 Business models and ownership

The diversification of user roles, including producer, designer, community member and

citizen, suggest a move away from business as usual practices of ICT development; changes

in organisationalorms, business models and ownership are part of the model. There is a shift
IURP D SURGEBWHWR EXVHQHVYVY PRGHOV DORQJVLGH VKDUL
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there are behavioural changes, these are due to supplying the same services more efficiency,
with virtual or online work and other technolebgsed efficiency improvements taking centre
stage. There is, however, no questioning of demand for esergges per s&Ve therefore

place this scenario slightly towards the supply end of the axis.

7.10.2 Growth

a7



SHRSOH KHUH VHHPV WRI @6 OQT DLQ\GH GOWRUPDOPWHWR Q SURYLVL

limited change to endser roles.
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