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Abstract
The world is currently facing two socio-technical transitions: 
shifting to a low-carbon society, and a digital revolution. The 
spread and adoption of ICT does not automatically lead to re-
duction in energy demand, if this stimulates new energy-using 
practices or wider economic growth. Despite this policy chal-
lenge, the two transitions are often considered separately. 

This study examines potential drivers of reductions or in-
creases in energy demand due to digitalisation, as identified 
in recent leading global and UK net zero transitions scenarios. 
These include direct effects; indirect and rebound effects relat-
ing to home energy use and transport; and effects on economic 
growth. Specific effects of digitalisation on energy demand 
are then identified, which reflect projections in the scenarios. 
These imply that the future pathways adopted for digitalisation 
will have a significant impact on future energy demand and 
hence on the feasibility and acceptability of achieving net zero 
goals. Our main method is coding by searching for quantitative 
and qualitative statements in the scenarios relevant to digitali-
sation and energy.

Our initial findings point to a variety of drivers and assump-
tions that affect energy demand via digitalisation. These in-
clude user engagement with technology, consumer awareness 
and new user roles as prosumers1; technological evolution 

1. A prosumer both consumes and produces, e.g. a household with solar panels 
that produces some of their own electricity, and possibly sells some to the grid, but 

including efficiency and longevity of devices, and changes to 
number of devices, usage and data; patterns of energy demand; 
business models and more. In upcoming research, we will en-
gage with stakeholders from business and industry, academia, 
government and the third sector to consider the plausibility 
of different drivers of digitalisation, in order to better inform 
policy. This suggests opportunities for further research and im-
proving policy interactions between these two transitions, and 
stimulating greater public debate on the different framings for 
an ICT-driven low carbon transition.

Introduction
The world is currently facing two socio-technical transitions: 
shifting to a low-carbon society, and a digital revolution. De-
spite some claims to the contrary, evidence suggests that spread 
and adoption of ICT does not automatically lead to reduction 
in energy demand, if this stimulates new energy-using practices 
or wider economic growth (Lange, Pohl and Santarius, 2020). 
Despite this policy challenge, the two transitions are often con-
sidered separately. We found limited literature considering 
economy wide impacts of digitalisation on energy demand. The 
International Energy Agency (IEA, 2017) considers the major 
changes digitalisation will have on energy use throughout the 
economy, including such impacts as exponential growth in data 
accumulation and data traffic. They conclude that both policy 
and market design are critical in steering the digital trans-
formation towards a sustainable path. Studies of ICT energy 
impacts are more established, e.g., a review of indirect energy 

also buys some of their electricity from the grid, is an electricity prosumer.
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effects of ICT (Horner, Shehabi and Azevedo, 2016) found that 
the magnitude and even sign of energy impact from ICT is dif-
ficult to assess, and suggest empirical studies are needed on 
how ICT systems are deployed and used in practice to better 
identify the parameters driving energy use in ICT-heavy sys-
tems. Taking a more technical approach, a review of indirect 
ICT energy impacts found that user-related effects such as re-
bound needed to be included in life cycle analysis (LCA) (Pohl, 
Hilty and Finkbeiner, 2019). 

Sector or product specific studies are also more common. 
For example, a review of the studies on the energy impacts of 
e-materialisation (Court and Sorrell, 2020) found optimistic 
assumptions of perfect substitution while ignoring rebound ef-
fects, concluding it was unclear whether e-materialisation saved 
significant energy or would do so in the future. A transport spe-
cific scenario analysis (Noussan and Tagliapietra, 2020) finds 
that digitalisation could increase European transport emissions 
in a ‘selfish’ scenario or decrease emissions in a ‘responsible’ 
digitalisation scenario; they stress that policy and effective de-
ployment are needed to maximise advantages of digitalisation 
on emission reduction. Overall, the literature highlights that 
while there is great technical potential for energy savings from 
digitalisation, actual impacts on energy demand depend on fu-
ture pathways; that policy steering is necessary to achieve more 
sustainable pathways; and that social factors, from individual 
behaviour to broader social change, need to be considered care-
fully. 

Scenarios are one way to consider these future pathways. In 
this paper, we report from ongoing work investigating a num-
ber of climate-focused (and sustainability-focused) transition 
scenarios, global, Europe and UK-specific, to examine the role 
of digitalisation in these scenarios. This work is part of the Dig-
ital Society theme of the UK Centre for Research on Energy 
Demand Solutions (CREDS) examining how the adoption of 
information and communications technologies (ICTs) and as-
sociated business models and user practices could affect energy 
demand, as part of the transition to a net zero carbon economy. 

Our review of key low-carbon transition scenarios starts out 
by looking at the relations between the two transitions in dif-
ferent scenarios, including their drivers, and how they portray 
people and technology. In our previous work (Foxon and Berg-
man, 2021) we analysed the extent to which scenarios for a net 
zero carbon transition incorporate aspects of the digital trans-
formation, using coding of scenario narratives in relation to 
four aspects of framing: supply and demand; economic growth 
and wellbeing; business models and ownership; and agency/
automation. 

We find that low-carbon transition scenarios vary in their 
level of engagement with the digital revolution and the level of 
interaction between the two transitions. The scenarios include 
many different, and often implicit, assumptions both about 
technology and about behaviour and social change in rela-
tion to technology, energy and climate change. In agreement 
with other research, we find that the role of energy demand 
is often understated or overly simplistic in future scenarios. 
This suggests opportunities for improving policy interactions 
between these two transitions, and stimulating greater public 
debate on the different framings for an ICT-driven low carbon 
transition, and including more work on demand-side policy 
in scenarios.

Our motivation in this paper is to understand the drivers and 
effects of digitalisation on energy demand. In upcoming re-
search, we will engage with stakeholders from business and in-
dustry, academia, government and the third sector to consider 
the plausibility of different drivers in the digitalisation, in order 
to assess the scenarios as a whole, and to better inform policy. 

Methods and data
The study is an iterative process, attempting to capture the 
framings and assumptions underlying different studies of 
low-carbon transition scenarios, and if and how they relate 
this transition to the ‘digital revolution’. Our motivation is to 
better understand the drivers and effects of digitalisation on 
energy demand. Hence, we selected and analysed a set of UK 
and international low carbon scenarios that would give insights 
into these drivers and effects. We use three approaches: First, 
we consider the drivers of change and the relation between the 
two transitions in different scenarios, considering the roles of 
people and technology. Second, we draw on our interpretive 
analysis of each study in relation to four framing assumptions, 
as a demonstrable way of differentiating assumptions in differ-
ent scenarios and pathways (Foxon and Bergman, 2021); this 
analysis used coding, by searching for keywords relevant to the 
four framings. 

Finally, we adopted and applied the framework of Lange et 
al. (2020) for investigating effects of digitalization on energy 
demand, alongside the areas in which digitalisation might im-
pact energy demand, following Lange and Santarius (2020). 
This combination (detailed below) considers direct, indirect, 
rebound and economy wide impacts of digitalisation, and looks 
at different sectors of the economy, making it appropriate for 
an understanding of economy wide pathways of digitalisation 
and energy use. This last approach again used coding to find 
quantitative and qualitative statements about energy demand 
reduction.

DIGITALISATION AND ENERGY DEMAND
Lange and Santarius (2020) identify five areas where digitalisa-
tion could contribute to reducing energy demand and/or car-
bon emissions:

1. E-materialisation: replacing physical products with elec-
tronic/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 opti-
misation through digitalisation of shared mobility, public 
transport and logistics networks

5. ‘Industry 4.0’: digitalisation of production processes boost-
ing material and energy efficiency.

However, they note, that in each of these areas, direct and in-
direct (rebound effects) drivers of increases in levels of end-
use consumption could reduce or negate the potential energy 
savings. In this project, we focus particularly on demand-side 
areas 1, 3 and 4 above.
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Lange et al. (2020) set out an analytical framework for inves-
tigating four effects of digitalization on energy demand includ-
ing a methodology for quantifying change:

Effect 1: Energy consumption of ICT sector: growth of share 
of ICT in overall GDP, mitigated by energy efficiency improve-
ments in delivery of ICT services,

Effect 2: Energy efficiency and rebound effects: extent to which 
application of ICT improves energy efficiency of the rest of the 
economy, and leads to rebound effects in increasing service de-
mands,

Effect 3: Impact of digitalization on overall economic growth: 
impacts of increasing use of ICT on economic growth, in rela-
tion to labour productivity, income inequality and energy con-
sumption,

Effect 4: Sectoral change: share of ICT services in overall ICT 
sector and GDP.

As we do not have an economic model, we are interested 
in qualitatively analysing trends in these effects and their in-
teractions, 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), in-
come inequality and time spent on non-consumption 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:

I. Direct effects include growth in number of ICT devices, 
use of devices, streaming and cloud services, and on the other 
hand increasing efficiency of individual devices, streaming and 
data/cloud services. We group these together as one area.

II. Efficiency and rebound effects: It is useful for us here to 
consider different sectors and services. In this paper, we con-
sider two sectors: transport and domestic energy use.

III. Economic growth including labour productivity, in-
equality, decoupling and its limits. 

IV. Sectoral change – we found limited discussion of sectoral 
economic shifts, so we do not discuss this effect. 

Finally, it’s worth saying the taxonomy will partly be decided 
by what we find in the scenarios.

SELECTION OF SCENARIOS FOR ANALYSIS
We do not attempt an exhaustive or even representative list of 
scenarios for analysis. Rather, we looked at several recent pa-
pers and reports looking at transitions to low-carbon societies, 
either at the UK / Great Britain2 level, or globally. We selected 
ten documents for our initial analysis, which are either high-
profile, or of interest because of their different approaches. Our 
aim was to interrogate how different perspectives and assump-
tions towards the low-carbon transition, with different relations 
towards the digital revolution, can lead to a variety of pathways 
with different implications for energy demand. Making explicit 
the assumptions and drivers underlying the different pathways 
can contribute to assessing the feasibility and desirability of dif-
ferent scenarios. We include two scenarios that focus on digital 
futures, but include emissions and other environmental con-
cerns. The selected scenarios are listed in Table 1.

2. Great Britain (GB), as opposed to the United Kingdom (UK), refers to England, 
Scotland and Wales, but not Northern Ireland.

Relations, drivers and influences in the scenarios
Our first analysis is to look at how different scenarios consider 
the relation between the two transitions, and consider how 
their drivers of change relate to these transitions.

RELATIONS BETWEEN THE TRANSITIONS
The scenarios show a variety of perspectives and approaches 
to the relation between the low-carbon transition and the digi-
tal revolution. CAT (Centre for Alternative Technology, 2019) 
doesn’t consider the digital transition beyond grid balancing, 
and BÖLL (Kuhnhenn et al., 2020) focuses on societal change 
over technological solutions. The rest of the scenarios rec-
ognise the importance of digitalisation to some extent. Both 
CCC (Committee on Climate Change, 2020) and NATGRID 
(National Grid, 2020) see digital technology as having an im-
portant role in the transition to and maintenance of a com-
plex zero-carbon economy, although both offer limited detail. 
CREDS (Barrett et al., 2021) includes digitalisation as one of 
the high-level trends enabling reductions in energy demand, 
including through improving transport logistics and mobility 
services and smart systems and services in buildings. 

Several narratives highlight changes already evident, and 
greater future changes to everyday life, from the digitalisation 
of society. They all engage with the relation between the two 
transitions, although from different perspectives. INHERIT 
(Guillen-Hanson, Strube and Xhelili, 2018) and CDBB (Broo 
et al., 2020) both envision future societies that are highly digi-
talised and interconnected, and both show different levels of 
success in reducing energy or emissions in different scenarios. 
RSOC (The Royal Society, 2020) highlights that policy is cen-
tral in creating the conditions for digitalisation to catalyse a 
low carbon transition, recognising that ICT could potentially 
increase emissions. SMARTER (Accenture Strategy, 2015) also 
suggests a role for policy, but focuses on how ICT can ensure 
economic growth under policy constrained emissions. Finally, 
GRUBLER (Grubler et al., 2018) sees user-led change and con-
sumer demand as the enabler of rapid uptake and pervasive 
digitalisation, in turn enabling optimisation and dematerialisa-
tion leading to emission reduction.

DRIVERS AND CAUSATION
The assumed drivers and directions of causation in a low-car-
bon transition vary from scenario to scenario. CCC (Commit-
tee on Climate Change, 2020) suggests a transition driven by 
policy-led change, with government action and both public 
and private investment in low-carbon technologies. The spread 
of low-carbon electricity generation precedes electrification of 
transport and heating. RSOC (The Royal Society, 2020) high-
lights the disruptive nature of digitalisation, and the need for 
policy and investment to ensure ICT expansion leads to more 
sustainable outcomes. NATGRID (National Grid, 2020) sug-
gests greater societal engagement, as well as policy action, can 
lead to faster decarbonisation.

BÖLL (Kuhnhenn et al., 2020) suggests societal transforma-
tion reducing demand and increasing wellbeing is feasible; the 
difficulty is envisioning broader transformation. In complete 
contrast, the SMARTER (Accenture Strategy, 2015) highlights 
the potential of ICT to save energy and increase wellbeing, with 
people as ‘consumer power’ driving change alongside policy. 
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CAT (Centre for Alternative Technology, 2019) sits somewhere 
in between, maximising use of current, not future, technology, 
accompanied by societal change; the change is motivated by near 
future climate impacts galvanising support for collective action. 

INHERIT (Guillen-Hanson, Strube and Xhelili, 2018) has 
different driving forces in different scenarios – business, gov-
ernment, local government, and government-business-citizens. 
Technology plays a bigger role in scenarios where the private 
sector is the driving force. CDBB (Broo et al., 2020) has 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, play a key role in 
the transition, alongside digitalisation. GRUBLER (Grubler et 
al., 2018) 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, societal change and 
bottom-up demand – not necessarily climate related – are all 
seen as possible, and inter-related, drivers for change.

People
The role of people, as citizens, activists, users and consumers, is 
central to scenarios. One way to look at people’s role in the con-
text of new digital technologies is to consider new functionalities, 
new practices that co-evolve between user and producer (Geels, 
2005), as an emerging trend. In the context of a simulation or 
scenario, this requires behavioural shift – drivers that move us-
ers towards a new ‘practice space’ (Haxeltine et al., 2008). 

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 empowerment. It’s worth considering if this 
is plausible under current business models, where the trend is 
towards a few large companies controlling much of our digital 
world. Other scenarios include new functionalities as part of 
digitalisation, but are not as strongly user-driven.

Another perspective is to look at social change. CREDS in-
cludes increasing environmental awareness and concern as a 
driver for actions reducing energy demand. INHERIT gives 
the public a more modest role, considering that consumers 
might demand more transparency as to the manufacturing of 
goods. CAT suggests that climate change impacts in the near 
future will provide motivation for change to both the public 
and policymaker, gathering momentum for the collective ac-
tion required. NATGRID considers the level of societal change 
as one parameter distinguishing scenarios, in terms of ambi-
tion for decarbonisation, while CDBB considers social changes 
that result in ‘greater value on lower-carbon activities, such as 
creative pursuits, sharing and repairing economies, careers in 
caring and spending time in nature with the people we love’ 
(Broo et al., 2020, p. 39). BÖLL goes as far as social transforma-
tion – with less use for new technologies. INHERIT contrasts 
an individualistic dynamic with a collectivist society: we sug-
gest GRUBLER’s approach is more individualistic, and BÖLL 
more collectivist. 

Whether collectivist or individualist, people’s actions are 
important. We see in both the transport and home energy use 

Table 1. The ten selected reports, our shorthand notation, their geographical area, focus and scenarios. 
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effects many assumptions of people engaging with technology 
(and climate change) and changing their behaviour to reduce 
energy demand. We again stress that this is not necessarily the 
case: different assumptions about behaviour and lifestyle lead 
to different future projections. 

Technology and data
The way digital technology is developed, regulated and adopted 
can have a large effect on energy demand. In terms of energy 
use by ‘smart’ devices, there is a tension between, on the one 
hand, growth in number and use of devices, and corresponding 
infrastructure, and on the other, improved energy efficiency. 
CREDS suggests the number of devices could be tempered by 
saturation in the Global North, while GRUBLER suggests mul-
tipurpose small devices, probably smart phones, could replace 
various larger devices, reducing energy consumption. 

Further, the trajectory of technological development, includ-
ing not only technical parameters but also dominant business 
models and public engagement with technology, has significant 
implications for energy demand and business and societal dy-
namics. An example of different trajectories can be seen in the 
role of data, which is highlighted in several scenarios. Technical 
implications for increased data use include more energy-using 
servers, increasing server efficiency, and moving data from de-
vice to cloud to save energy. Beyond this direct impact, data can 
be used to create efficiency in transport and electricity grids, 
and capturing its value can drive economic growth. INHERIT 
considers the importance and potential of data-based services, 
with different possible levels of control of data from the public 
and private sectors, and the challenges to privacy. CDDB sug-
gests data could be seen as a public resource to ensure privacy 
in some scenarios. There is a question of power here, in terms 
of who controls the data – will it be used for ‘public good’ or 
for corporate profit? With current business models favouring 
larger companies, the current trend is arguably for the latter.

Finally, recent work on the plausibility of deep decarbonisa-
tion (Stammer et al., 2021) suggests that technical alternatives 
are already available, while social and political drivers are nec-
essary. This would suggest that digital technology’s role is not 
to offer new technical solutions as much as to enable currently 
available solutions, without increasing energy demand. Unlike 
most of the scenarios, CAT focuses on currently available tech-
nology in its narratives pursuing zero carbon Britain.

COMPARISON BETWEEN SCENARIOS
In our previous work (Foxon and Bergman, 2021), we gave a 
detailed interpretive analysis of where each of seven scenarios 
sits in relation to the four framing dimensions. We extend this 
work to cover all ten of our scenarios and give a brief summary 
here to show the breadth of assumptions in the scenario col-
lection. 

Supply and demand 
Our first dimension considers whether the scenarios focus 
on energy supply or demand. We find that while most of the 
scenarios consider both, there are different emphases. BÖLL 
(Kuhnhenn et al., 2020) and GRUBLER (Grubler et al., 2018) 
focus on demand reduction – but in very different ways; the first 
considers significant reductions in demand for energy services, 
whilst the second considers digitalisation and dematerialisa-

tion. CREDS (Barrett et al., 2021) considers both technological 
and social changes in its low carbon scenario. CAT (Centre for 
Alternative Technology, 2019) and NATGRID (National Grid, 
2020) show a balanced view of supply and demand (NATGRID 
has supply- and demand-focused scenarios), while the focus 
of INHERIT (Guillen-Hanson, Strube and Xhelili, 2018) and 
CDBB (Broo et al., 2020) is neither, but their narrative suggests 
a balance. The rest focus more on supply-side measures. 

Economic growth and wellbeing
Our second dimension considers how the scenarios address 
the tension between continued economic growth and low- or 
net-zero futures. Here we find significant differences between 
the narratives. Most of the scenarios assume that green growth 
(in the form of decoupling energy or emissions from economic 
growth) is both possible and plausible, although several suggest 
a shift to consider wellbeing and environmental sustainability 
alongside economic growth. For example, CCC (Committee on 
Climate Change, 2020) considers economic growth opportuni-
ties, with little if any discussion of the tension between eco-
nomic growth and decarbonisation – yet ‘inclusive growth’ is 
mentioned.

CREDS highlights how reducing demand lowers the pres-
sure to decouple energy from growth. CAT questions GDP as 
a measure of wellbeing and critiques the mindset of perpetual 
growth, while CDBB decentres growth, allowing the economy 
to shrink in some scenarios while still focusing on wellbeing. 
Several different papers project less growth in the Global North 
and more in the Global South. Only BÖLL actively calls for de-
growth, i.e., intentionally shrinking the economy to save the 
environment.

ICT business models and ownership 
Our third dimension considers different business models and 
ownership of ICT, as these can lead to different digitalisation 
trajectories. Not all of the scenarios engage with this issue. 
Among those that do, there is a large scatter, from a business as 
usual approach that effectively favours large ICT incumbents, 
through to CDBB who press for regulation and more inclu-
sive economic models, and BÖLL who question the need for 
digitalisation unless it has significant democratic oversight – a 
radical shift to avoid digitalisation being shaped by large cor-
porations. Interestingly, INHERIT, which favours business as 
usual, also warns against this. In their scenario, concentration 
of power and competition among a few ‘superstar’ companies 
leads to efficient processes but holds the risk of these compa-
nies being ‘more powerful than democratic mechanisms’ (Guil-
len-Hanson, Strube and Xhelili, 2018, p. 30), with challenges to 
data protection.

Automation and agency
Our last dimension considers whether the scenarios focus on 
ICT enabled energy savings through automation and artificial 
intelligence, often circumventing users; or through information 
and enablement of users, giving them more agency. Here we 
find most of the scenarios are somewhere in the middle (CAT 
and BÖLL were left out to avoid over-interpretation). The sce-
narios tend to discuss automation for efficiency, whilst giving 
users information and control over their personal energy use, 
but mostly consider them consumers. INHERIT suggests the 
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most automation, with monitoring and artificial intelligence 
playing a major role in everyday life. The agency outlier is 
GRUBLER, which emphasises user-led change and diversifica-
tion of roles from consumer to producer, citizen, and designer.

Effects of digitalisation on energy demand
Here we consider the impacts of digitalisation on energy use as 
described in the different scenarios, considering the four effects 
as per Lange et al. (2020) and two chosen areas – home energy 
use and transport – in which ICT indirectly impacts energy de-
mand, as per Lange and Santarius (2020). 

DIRECT EFFECTS OF DIGITALISATION AND ICT ON ENERGY DEMAND 
We overall find an agreed trend of significantly increased usage 
of ICT, its scope, infrastructure and associated data. Most sce-
narios see an increase in the number of devices, although dif-
ferent drivers are invoked, such as people seeking better qual-
ity of life (Grubler et al., 2018), or competition in the market 
(Kuhnhenn et al., 2020). However, saturation of ICT appliances 
in the UK or more generally the Global North, integration of 
multiple devices into one (mostly smart phones), and cloud 
computing all act to reduce the number of devices (Grubler et 
al., 2018; Barrett et al., 2021). 

The rise in data in turn leads to more data centres and higher 
energy demand, although this is tempered by cloud servers 
increasing efficiency, and increased efficiency of data centres 
(e.g., by using excess heat for other purposes) (Committee on 
Climate Change, 2020; National Grid, 2020; The Royal Society, 
2020). 

Devices’ individual energy footprint could be reduced 
through increased efficiency, including through economies of 
scale, standardisation, and rapid innovation cycles, as ‘shorter 
lifetime accelerates the adoption of more efficient models con-
tributing to rise the conversion efficiencies of the appliance 
stock more rapidly’. (Grubler et al., 2018 suppl. material p. 
27). However, we suggest there is a tension between longev-
ity (through policy or personal responsibility) and repairability 
(requiring political support) which could act to reduce energy 
use per device, and rapid innovation cycles, which might en-
courage shorter device life.

While overall most scenarios suggest direct energy demand 
of ICT can be reduced despite increased usage, this is not guar-
anteed. 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. RSOC suggest 
‘individual action’ could lead to a reduction in usage, e.g., peo-
ple ‘streaming responsibly’ (The Royal Society, 2020), although 
it’s hard to see how this would come about without significant 
governance to counter the tendencies such as increased stream-
ing.

Further, the rate of efficiency improvement is crucial: a mod-
el of global communication technology (Andrae and Edler, 
2015) 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 model yields a 2030 ICT electricity footprint varying by 
an order of magnitude, from 2,700TWh (best) to 30,700TWh 
(worst). While the size of the gap between scenarios has been 
criticised (e.g., Belkhir and Elmeligi, 2018), this nonetheless 

shows the importance of clear, justified assumptions, including 
life cycle analysis, about devices, datacentres, other infrastruc-
ture, 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 consider efficiency and rebound in two key domains where 
digitalisation has promise – home energy use and transport.

Transport
Nearly all scenarios suggest that teleconferencing and remote 
working can reduce travel miles and save energy, especially in 
the Global North. This is invoked most frequently around com-
muting, but could be extended to leisure travel, studying and 
more. 

Traffic management and integrated travel, using increas-
ing data and sensors, and increased information provision to 
phones are expected to improve congestion through smarter 
routes. ICT could also enable more efficient vehicles and ‘smart 
driving’ (Accenture Strategy, 2015). Freight could gain from 
smart logistics improving efficiency and enabling collabora-
tion.

Meanwhile, digitalised, flexible, smart ticketing and timeta-
bles could make public transport more efficient and desirable. 
In addition, shared vehicles, possibly automated vehicles (AVs), 
could increase vehicle occupancy and usage. All together these 
act to provide mobility as a service. This could ‘leverage digi-
tal technologies to support more fundamental changes to how 
individuals access transport services, reducing the number of 
personal vehicles on the roads.’ (The Royal Society, 2020, p. 27). 
Business models are important, however, as privately owned 
AVs could increase travel (National Grid, 2020).

Some scenarios suggest the benefits of digitalisation include 
reduced vehicle ownership and car production, saving energy 
and material resources. However, behaviour effects are gener-
ally not detailed, i.e., what determines people’s choice of travel 
mode, car purchase, or amount of travel. Further, rebound ef-
fects, e.g., increased travel as the smart transport system be-
comes more efficient, are hardly discussed. A recent European 
study (Noussan and Tagliapietra, 2020) found that the potential 
effects of digitalisation on passenger transport could lead to op-
posite effects in both energy demand and emissions; they detail 
this as two scenarios, ‘responsible’ digitalisation and ‘selfish’ 
digitalisation. We note that most of the scenarios we analysed 
are much closer to responsible digitalisation.

Home energy 
The impacts of digitalisation on home energy use in the dif-
ferent scenarios show overall agreement in increased ‘smart-
ness’ of homes, including smart meters, appliances and heating. 
Most scenarios assume this leads to behaviour change through 
information provision, increased control (including remotely), 
smart tariffs and ‘encouragement’. Good engagement with peo-
ple is thought to increase load shifting, for example through 
actively managing heating using residential thermal storage 
(National Grid, 2020).

RSOC (The Royal Society, 2020) optimistically suggests 
smart meters could contribute a 25 % emission savings. How-
ever, the motivations for change are not always clear, and as 
the NATGRID (National Grid, 2020) points out, people will 
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not necessarily engage with their smart meters. Evidence so 
far from the UK’s smart meter roll out suggest a very modest 
energy savings in energy consumption, perhaps only 1–3 % 
(Sovacool et al., 2017).

Smart appliances as part of smart energy systems are also 
predicted to reduce energy demand through automation, with 
sensors and artificial intelligence adjusting light, air quality and 
heating for residents’ needs (Guillen-Hanson, Strube and Xhe-
lili, 2018). Smart homes could be designed to facilitate working 
and studying from home (Broo et al., 2020); however, CREDS 
(Barrett et al., 2021) highlights the increased energy usage of 
working from home. 

Overall, there are underlying assumptions that increased ICT 
and connectivity will improve quality of life while reducing en-
ergy use, partly through shaping behaviour and partly through 
automation. We suggest this is highly optimistic. Comfort and 
convenience are assumed, without considering rebound effects 
of increased consumption (of heat, lighting, data, or entertain-
ment) due to ease of use and energy efficiency of appliances. 
An Australian study into smart homes (Strengers and Nichol-
ls, 2017) challenges convenience narratives, suggesting smart 
homes will engage residents in new forms of household labour, 
with ‘keeping the home running’ becoming a chore in itself. 

Further, it is not clear how much energy can indeed be saved 
through smart home efficiency measures. Energy savings will 
need to be prioritised, as the same study (Strengers and Nich-
olls, 2017) found that current marketing strategies ‘prioritise 
devices and expectations likely to increase energy demand’ (p 
92). We suggest that ‘smartness’ might not be the top priority 
in saving energy. In the UK, for example, retrofitting homes 
for insulation and efficient heating systems might save energy 
more easily than smart heating (and cooling) controls. 

IMPACT OF DIGITALIZATION ON ECONOMIC GROWTH
We next consider how the scenarios assess impacts of digitali-
sation on economic growth. We attempt to use minimal in-
terpretation to show how some aspects of the scenario match 
Lange et al’s (2020) third effect: ‘impacts of increasing use of 
ICT on economic growth, in relation to labour productivity, 
income inequality and energy consumption’. 

We note two things. First, the effects are portrayed primarily 
as positive. For example, more data ‘creates value’, and drives 
economic growth (The Royal Society, 2020), although there are 
challenges related to data privacy (e.g., Broo et al., 2020). Other 
positive effects include shorter innovation cycles bringing new 
technologies to market faster (Committee on Climate Change, 
2020); and ‘material light’ businesses driving growth (Accen-
ture Strategy, 2015). Further, increased digital skills and the 
flexibility and comfort digitalisation offers could increase pro-
ductivity. However, there are also some negative impacts, such 
as potential job losses due to automation (Barrett et al., 2021). 
Finally, competitive digitalisation is tied with more growth and 
therefore higher energy use (Kuhnhenn et al., 2020) – an econ-
omy wide rebound effect. 

Second, in contrast to the previous categories of digitalisa-
tion impacts, there is no overall picture emerging from the 
different scenarios. Rather, we find a broad range of possible 
impacts. We suggest further research is needed on the effects 
of digitalisation on economic growth, and through it on energy 
demand, as the impacts are complex. 

Discussion and conclusions

DIRECT, INDIRECT AND REBOUND EFFECTS
As discussed in the previous section, the main potential driver 
of increasing energy demand is the massive projected increase 
in the number and usage of ICT devices. Particularly where en-
ergy 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 in-
creasing energy use. However, the extent of this offsetting will 
depend 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 en-
ergy demand whilst maintain or enhancing service provision, 
and to provide services to the system, such as demand manage-
ment and load shifting, which will improve system efficiency 
and mitigate primary energy inputs. However, the realisation of 
these benefits will depend partly on user behaviour. We found 
that the scenarios show different balances between automation 
of energy services and artificial intelligence to reduce the need 
for user inputs, and empowerment of users to engage with the 
technologies and manage their demand more actively. Again, 
this implies the need for more policy-linked analysis of the ef-
fects of different pathways of digitalisation on energy demand.

Similarly, increases in ICT-enabled working from home are 
assumed to lead to reductions in travel and overall energy use. 
However, recent research (Caldarola and Sorrell, 2021) has 
argued that there may be significant rebound effects. These 
could include home-workers or their family members making 
additional trips for shopping or leisure, and longer commutes 
on days in which they do travel to work if they choose to live 
further away. These and additional home energy use could to-
gether negate some or all of the energy saving. If these types 
of rebound effect are not fully represented in low carbon sce-
narios, these scenarios may over-estimate the potential energy 
savings due to digitalisation.

Indirect effects in relation to transport include virtual inter-
actions substituting for travel, smarter traffic flow management 
in cities and facilitation of new ‘mobility as a service’ business 
models. These effects could lead to significant reductions in en-
ergy demand. However, here too energy savings due to these ef-
fects may be offset by rebound effects for users and businesses. 
Better traffic flows could lead to increased travel, and privately 
owned autonomous vehicles could lead to new energy-de-
manding practices. Cheaper and more flexible services could 
lead to higher energy service demands, such as improved logis-
tics leading to increases in on-demand delivery of goods and 
services. Our findings across these different scenarios and end 
uses reflect a recent quantitative analysis (Noussan and Taglia-
pietra, 2020), who found that transport energy demand could 
be 60 % higher in a ‘selfish’ digitalization scenario, focussed on 
more individualised forms of mobility, compared to a ‘respon-
sible’ digitalization scenario, focussing on more collective pro-
vision through shared mobility solution.

How these effects will play out will depend on the social and 
technological evolution of ICT systems. This will require pol-
icy-oriented scenario analysis to pay more attention to factors 
including user engagement with technologies, consumer aware-
ness and new user roles as prosumers; efficiency and longevity 
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of devices, and changes to number of devices, usage and data; 
and development and adoption of new business models. Our 
analysis also shows that high-level framings could influence this 
evolution, including the extent to which ownership of key ICT 
businesses continue to be highly concentrated or are challenged 
by public ownership and digital commons, and approaches to 
automation of services vs empowering user engagement.

Overall, if, as some scenarios argue, a greater policy focus on 
the role of energy demand reduction within decarbonisation 
strategies is necessary to achieve net zero goals, then policy-
oriented decarbonisation scenarios will need to pay greater at-
tention to future pathways adopted for digitalisation. Scenarios 
should go beyond simplistic assumptions of how ICT usage 
can reduce energy demand, and examine direct, indirect and 
rebound effects associated with different pathways for digitali-
sation. This would help to inform policy focus and decisions 
affecting the role of digitalisation in relation to the feasibility 
and acceptability of achieving net zero goals. 

GREEN GROWTH AND ENERGY DEMAND
In most of the ‘green growth’ decarbonisation scenarios, higher 
levels of investment and reducing costs of digitalisation are 
assumed to drive higher labour productivity and overall eco-
nomic growth. This higher level of economic activity is as-
sumed to feed through into overall improvements in social 
welfare. However, some scenarios, such as CREDS (Barrett et 
al., 2021), argue that focussing the advances from digitalisation 
and other social megatrends on measures to improve social 
wellbeing, health and local environmental benefits, rather than 
on purely economic gains, could enable energy demand reduc-
tions which would enhance the feasibility and acceptability of 
a net zero transition. 

Digitalisation raises important questions in relation to job 
creation or destruction and data and surveillance, which will 
have implications for the feasibility and public acceptability of 
these technological changes and their contribution to a net zero 
carbon transition. Scenarios that focus on supply-side solutions 
tend to be framed within a green growth narrative that assumes 
economic growth can be decoupled from carbon emissions; this 
includes the role of ICTs in providing dematerialised services. 
Scenarios that focus on demand-side solutions tend to be more 
sympathetic to a ‘degrowth’ narrative and argue that this focus 
would enable continuing wellbeing of citizens whilst achieving 
rapid carbon reductions. However, GRUBLER (Grubler et al., 
2018) combines an emphasis on demand-side solutions with a 
narrative suggestive of green growth – although this has been 
interpreted as a degrowth scenario due to the reduction of ma-
terial throughput (see Appendix 7.9.2). We would suggest the 
green growth scenarios do not sufficiently engage with the ten-
sions between growing the economy and reducing energy de-
mand. Digitalisation driving energy efficiency improvements 
and economic growth could lead to increased demand for goods 
and services, including demand for energy, effecting an econo-
my-wide rebound effect (Brockway et al., 2021). 

IMPLICATIONS FOR SCENARIO BUILDING
We next consider implications for scenarios from our work. 
First, there is limited engagement and inconsistent represen-
tation of how digitalisation will affect demand for energy ser-
vices. All the scenarios incorporate some action for societal and 

behavioural changes to address the demand-side, but they dif-
fer in the relative importance that they assign to these and the 
underlying drivers of change. This is in line with the broader lit-
erature: questions about demand-side options tend to focus on 
public acceptability and the feasibility of economic and social 
structural changes that may be needed to introduce these op-
tions, rather than investigating the drivers of increasing service 
demand (Eyre and Killip, 2019). 

While the emergence of such new functionalities is recog-
nised in some scenarios, more attention to the implications for 
energy demand is needed. For example, while a few of the sce-
narios consider the changes in work and leisure practices asso-
ciated with moves to augmented reality (AR) and virtual reality 
(VR) as part of the digital world, the potential energy demand 
implications of these shifts is not captured. 

Second, we suggest some scenarios have a simplistic ap-
proach to both individual behaviour and social change. Fur-
ther, we note that some scenarios assume optimised social 
engagement with technology that maximises energy savings. 
There are explicit or implicit assumptions in some narratives 
about behaviours compatible with, or even assisting, deep de-
carbonisation. We agree with other research that finds social 
science approaches to understanding the complex dynamics 
of policy implementation for emissions reduction are not well 
integrated into climate scenarios (Hewitt et al., 2021). We sug-
gest digitalisation pathway narratives should draw more on 
social sciences, with lessons for policy makers on governance 
of digitalisation of society that will maximise energy demand 
reduction. 

Third, we suggest more attention needs to be given to the 
plausibility of scenarios, and specifically to the various social 
changes they assume. A recent report (Stammer et al., 2021) 
considers what makes future scenarios plausible in the con-
text of climate change, breaking with ‘the optimism bias that 
pervades much of existing decarbonization research’ (p 30). In 
consideration of different social drivers, they found that both 
corporate responses and consumption patterns currently in-
hibit decarbonisation, and overall assess that deep decarboni-
sation by 2050 is not plausible – although such futures could 
become more plausible with public pressure and consistent liti-
gation and action from government. Nonlinear social change 
acting as ‘social tipping points’ could help mitigate climate 
change (Otto et al., 2020), with (mostly government led) inter-
ventions to precipitate them; others consider the importance of 
civil society and social movements as agents of change (Smith, 
Christie and Willis, 2020). Hewitt et al. (2021) manage uncer-
tainty around the role of actors by showing what could happen, 
not what should happen given certain policies and agreements 
– and sometimes in spite of them. Mercure et al. (2019) similar-
ly differentiate between normative models – which recommend 
what strategies actors take – and positive models – describing 
what actors are actually observed to do. In contrast, Hughes et 
al. (2013) consider the potential role of specific actors, and their 
influence on evolving pathways; they suggest being too focused 
on present actors’ roles can miss disruptions and transforma-
tion inspired by visions and values. Overall, scenarios would 
do well to consider the magnitude and non-linearity of social 
changes they assume, including the precipitating events and ac-
tors’ changing roles, and justify the plausibility of such changes 
and drivers of change. 
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CONCLUSIONS
This paper has highlighted the importance of considering the 
interactions between the digital revolution and the net zero car-
bon 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 different in different scenarios, and not always clear. 
Aspects of this causality need to be further unpacked in future 
work. Assumptions about social, technological and economic 
drivers lead to very different futures. In particular, we note that 
assumed drivers around people’s behaviour and action, tech-
nological development, and policy and governance can lead to 
different futures. In our ongoing research, we will engage with 
relevant stakeholders from business and industry, academia, 
government and the third sector to continue our analysis of 
future narratives, in terms of plausibility of different drivers of 
digitalisation, causality, and reasonable expectations from dif-
ferent actors and agents. 

We suggest that policy support for technology is not enough, 
as there are different trajectories for technological develop-
ment, as discussed above. Directionality of policy (Mazzucato, 
2016) is needed for digital innovation to support social goals 
such as energy demand reduction and decarbonisation. For ex-
ample, the UK government’s support for electric vehicles (Au-
tomated and Electric Vehicles Act 2018, 2018) builds towards 
a technological substitution aiming to decarbonise surface 
transport. However, this search for a techno-fix might hinder a 
deeper shift to a lower energy (and emissions) personal trans-
port sector, as it maintains a high-demand and high-energy 
transport sector (Bergman, Schwanen and Sovacool, 2017). 

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 ICTs will have a crucial role 
to play. Achieving wide public consent for these changes and 
overcoming the resistance of vested interests to changes will re-
quire informed public debate on these issues. The further devel-
opment of more integrated low-carbon and ICT scenarios, ex-
plicitly including different drivers and causation patterns, could 
play an important role in this. The role of digitalisation in these 
debates is important, as ICTs and associated new business mod-
els and practices have the potential for reducing energy demand 
through improving energy efficiency and stimulating economic 
structural changes, but also the potential for increasing energy 
demand through direct energy use and stimulating re-spending 
leading to economic growth and economy-wide rebound effects.
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