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Abstract
Decarbonising the transport sector is arguably the most chal-
lenging given ever increasing demand for mobility, heavy fos-
sil fuel use, reliance on carbon-intensive infrastructure, and 
deeply embedded car-dependent lifestyles. Aviation, shipping 
and heavy goods transport are hard to decarbonise because re-
alistic zero carbon technologies are limited for longer distances. 
This paper investigates the contribution energy demand reduc-
tion in the transport sector could make to climate mitigation 
efforts. Here we use a bottom-up modelling framework that 
comprehensively estimates the potential for mobility-related 
energy demand reduction at a country level. Replicable for 
other countries, our framework is applied to the case of the 
UK where we find that reductions in mobility energy demand 
of up to 61 % by 2050 compared with baseline levels are pos-
sible without compromising on citizens’ quality of life. This 
translates to total lifecycle carbon emissions reductions of up 
to 72 % by 2050 compared to 2020 levels, with about half of 
the reduction coming from mode shifting and avoiding travel 
and moving goods. The other half comes from vehicle energy 
efficiency and electrification as well as downsizing of the vehi-
cle fleets. Our findings show that energy demand reduction in 
the transport sector can make it easier to meet sectoral carbon 
budgets and reduce reliance on more drastic car use restric-
tions further down the line. There are big potential co-benefits 
from reducing energy demand as we avoid unnecessary travel, 
become more multi-modal and electrify a smaller vehicle fleet. 
Active travel and less air pollution from burning fossil fuel will 

all improve health. Reducing energy demand may also lower 
household travel bills, reduce business costs, improve energy 
security, and transform the job market away from the incum-
bent fossil fuel economy.

Introduction
One of the biggest oversights in the transport decarbonisation 
debate is the role of energy. The sector is 95 % dependent on oil 
and accounts for 21 % of global carbon emissions (IEA, 2021b). 
It is now the largest emitting sector in many developed coun-
tries (IEA, 2021b). While Europe and North America dominate 
historic transport emissions, much of the projected growth in 
emissions is in Asia. 

Of course, if we replace every fossil fuel mile driven with a 
mile driven by a vehicle powered by 100 % renewable energy 
resources then we could (ignoring materials) claim to have 
reached a zero carbon future. But as we switch demands which 
were previously not electrical we implicitly require more gen-
eration and more storage (EEA, 2018; IEA, 2021a). This could 
put strains on our power networks and risk overloading grids 
unless we plan for it and invest accordingly. So the quantum of 
demand for electricity matters. And that’s just cars – air travel 
and heavy goods transport can only be partially electrified. 
And it matters more when we lift our gaze from transport to all 
of the other sectors in the economy that are making the same 
switch, such as domestic heat. The multiple demands for addi-
tional electricity, if left unchecked, could require an electricity 
system four times the size it is today (IEA, 2021b). 

Scaling up grid provision is technically feasible, but is it sen-
sible? It makes the economy more reliant on one energy system 
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with associated resilience challenges and it raises serious equity 
issues. Are the 25 % of households that do not own cars in the 
UK, for example, expected to pay in to allow vehicle owners to 
plug in their vehicles? It has even been suggested that car own-
ers with smart chargers will have access to lower energy tariffs 
as this will improve storage capacity for the grid and reduce 
overall costs. Is that fair? Overall costs are only reduced from 
some imagined future which is created by the reliance on more 
electric vehicles (EVs), not from today’s levels.

But of course, transport planners have long been arguing that 
other than at the tailpipe a car is a car is a car, however it is pro-
pelled (Anable, 2021). Electrification does not tackle conges-
tion, exclusion, physical inactivity, particulates from brakes and 
road safety etc. Whilst air quality and climate emissions will di-
minish as problems, cheaper motoring could well bring others. 

So what then? This paper addresses the issue of how much 
energy we need for everyday mobility and what the carbon 
implications of different futures might be. The question at the 
heart of the paper is familiar: how far can improvements in 
transport energy efficiency and the carbon content of energy 
via technological improvements help us reach our carbon goals 
without any reductions in the demand for the energy service 
– mobility – itself? Using the UK as a case study, it will not 
come as a surprise that the paper finds what some others have 
done before (Anable and Goodwin, 2019; CCC, 2019; Pye et 
al., 2017; OECD/ITF, 2021a), that the country will find it very 
difficult to reach its 2030 or 2050 carbon targets without signifi-
cant energy demand shift. The main contribution of this study, 
though, is that it has dared to go beyond quantification of ‘what’ 
has to happen in terms of the balance between avoiding, shift-
ing and improving energy service demands by detailing both 
the ‘how’ as well as the wider costs and benefits. 

The almost universal focus on improving energy consump-
tion per passenger-km or tonne-km travelled ignores the 
other two core elements of the Avoid-Shift-Improve hierar-
chy (Schipper and Marie-Liliu, 1999; EEA, 2011; Gota et al., 
2019) of avoiding travel in the first place (trip reduction due 
to change in activity) and shifting travel to more sustainable 
modes (reduction in energy use per passenger-km or tonne-
km travelled). This hierarchy has been used extensively in the 
past, including in the analysis of climate mitigation options in 
transport for the Fifth Assessment Report of the Intergovern-
mental Panel on Climate Change (Sims et al., 2014). Here it has 
been used to emphasise the priority ordering and layering of 
our scenarios that stand apart from the dominant supply and 
vehicle technology-oriented approach to energy reduction and 
decarbonisation in the sector. Our two “low energy demand” 
(LED) scenarios, called High Ambition (HA) and Transforma-
tive Change (TC), reinforce the growing consensus that relying 
on technical solutions alone is insufficiently rapid and risky, 
and that policies influencing the demand for travel and mode 
switching should have a more prominent role (CCC, 2019; 
IEA, 2021b). Here the demand for the mobility itself (i.e. the 
distances travelled and the travel modes used) will be at least 
as crucial to future energy demands as the fuel types and real-
world efficiencies of the vehicles.

We started the development of our scenarios by exploring 
what could possibly be achieved with existing technologies and 
current social and political framings. We pushed ourselves to 
think about what felt like feasible shifts in terms of the number 

of journeys we make and the distances travelled for different 
journey purposes by mode. For example, where international 
holidays reduced we had to make allowances for more and 
longer domestic leisure journeys. Different policy levers were 
assumed such as frequent flyer levies and increasing taxation 
on multi-car household ownership along with the usual carrots 
of road space reallocation and better provision for walking, cy-
cling and other forms of zero carbon, active travel. Significant 
freight consolidation, improved load factors and better on-road 
fuel efficiency was also required. Electrification remains central 
but with fewer and smaller vehicles which are more intensively 
used.

Here we set out quite how far our ambitions have been able 
to push the energy and carbon envelope for mobility. However, 
what is different about this scenario exercise is that it creates an 
upbeat vision for what a lower energy demand life could look 
like. It means doing things differently and quite radically so, but 
it is a positive view of how we can still live a good life doing the 
things we need and enjoy with overall lower costs to society as 
a whole (Vogel et al., 2021). People can still have access to local 
services, leisure and holiday activities, and diverse employment 
opportunities, but they will do so breathing cleaner air and with 
better mental and physical health to boost.

Why we need to talk about energy for mobility
As economies and populations grow, demand for goods grows, 
as does the number of people with the desire and means to 
travel. Globally, total transport activity is expected to more 
than double by 2050 compared with 2015 under the trajectory 
reflecting current efforts (OECD/ITF, 2021a). Any technologi-
cal advances in decarbonising transport would simply be more 
than offset by increased demand for mobility. This has led many 
to believe that there is no way we can meet the decarbonisa-
tion targets of the Paris agreement by 2050 without reducing 
demand to more sustainable levels (OECD/ITF, 2021a). But 
this is hard to do. It requires the transformation of the whole 
transport system, including tackling how often and how far we 
travel and move goods. Some of the more promising options, 
such as road-space reallocation (Aldred and Goodman, 2020) 
and higher fossil fuel taxes (Lam and Mercure, 2021) have met 
resistance.

The (near) total dependence on oil across all forms of passen-
ger and freight transport is hard to change – and even harder to 
change fast (EEA, 2020). Substituting oil with low carbon fuels, 
such as electricity, will drastically reduce emissions by 2050. 
But even an optimistic scenario where global new car sales were 
60 % electric by the end of the decade would see CO₂ emissions 
from cars drop by only 14 % by 2030 compared with 2018 (IEA, 
2021c). 

In the UK, road transport accounted for just under three 
quarters of transport energy consumption in the UK in 2017, 
with the remainder almost entirely from air travel (23 %) (BEIS, 
2019). Of the road component, energy use from cars accounts 
for more than half (60 %), with most of the remainder coming 
from ‘light duty vehicles’ (vans) (16 %), heavy goods vehicles 
(HGVs) (17 %) and buses (3 %). Energy use from transport 
has increased by 16 % since 1990 (6 % since 2013) against a UK 
economy-wide decrease of 4 % (CCC, 2018; BEIS, 2019) and re-
mains 98 % dependent on fossil fuels. It has grown as a share of 
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overall carbon emissions with no net reduction between 1990 
and 2017 (vis-à-vis –43 % for all sectors combined). The cur-
rent approach to decarbonising transport in the UK could see 
a 28 % increase in car ownership, with 10 million more cars 
on the road by 2050, requiring serious questions about the re-
sources to construct these 43.6 million vehicles and providing 
even more land and street space used for car parking (Frost et 
al., 2021). 

The primary focus of UK policy has been to change the ve-
hicle fleet from petrol and diesel, first to Ultra Low Emission 
Vehicles (ULEVs), and then to zero-emission vehicles (ZEVs)1, 
primarily through electrification. A lack of progress with 
heavy goods vehicles and aviation persists, but the unexpected 
change is the increase in new car energy consumption and CO2 
(SMMT, 2018). Switching from diesel accounts for a small pro-
portion of this increase; the main culprit is a continued swing 
towards larger passenger cars, particularly Sports Utility Ve-
hicles (SUV), which use about 15 % more energy than their 
hatchback or sedan equivalents. Electric vehicles accounted for 
8.8 % of sales in 2020 (SMMT, 2020) (up from 2.5 % in 2019), 
with two out of five sold being plug-in hybrid electric vehicles 
(PHEVs). PHEVs have shown to perform little better in terms 
of energy use and carbon emissions than the most efficient con-
ventional ICE vehicles in real world conditions, as they have 
been shown to operate in electric mode for only a third of the 
miles travelled (Plötz et al., 2020). Th is gap between declared 
vehicle performance and real-world results prevails across all 
vehicle types and technologies. For new cars, fleet average test 
cycle data suggest a 30 % reduction in tailpipe CO2 since 2000. 
In practice, there has only been an estimated 9 % reduction in 
tailpipe emissions in real-world conditions, and only 4 % since 
2010. The ‘performance gap’ between official and real-world 
values grew over time, peaking at 40 % in 2016 (NEDC test cy-
cle). This gap has effectively negated any reported savings from 
efficiency improvements over the past decade. 

The  COP26 presidency programme  focused entirely on 
road-transport electrification (UK Government, 2021). Yet 
life-cycle emissions from electric vehicles depend heavily on 
the kind of electricity, battery and materials used. Globally, up-
take has been slow apart from a few leaders, such as Norway, 
which has thrown everything at the transition. Even if all new 
cars were electric from today, it would still take 15–20 years to 
replace the world’s fossil fuel cars (Keith et al., 2019). Electric 
cars do not solve problems of road traffic congestion, safety and 
other issues of car dependency (OECD/ITF, 2021b). They also 
need a reliable electricity supply – not a given in many parts of 
the world – and do not address transport inequality and social 
injustice within and between countries (Frost et al., 2021), es-
pecially in the developing world where e-cars may well only be 
an option for the powerful and wealthy.

A collective sense of entitlement and dislike of limiting “per-
sonal choice” have a lot to do with inaction on reducing and 
improving travel by powered vehicles. Many people are reluc-
tant to give up their car (RAC, 2021; Große et al., 2018; OECD/

1. ULEVs produce <75 g/km CO2 under the existing test cycle and includes pure 
Battery electric vehicles (BEVs), Plug-in hybrid electric vehicles (PHEVs). Zero 
emission vehicles emit no carbon or pollution from the tailpipe and include BEVs 
and Fuel cell vehicles. Strictly these are only zero emission when powered by re-
newable or zero emission electricity (DfT (2018a) op. cit.)

ITF, 2021b) or fly less (Cohen et al., 2013), feeling that it is an 
infringement of their rights. Efforts to decarbonise transport 
are being hindered by a cultural attachment to the polluting 
status quo, which isn’t as present in other sectors (William et 
al., 2021).

Scenario building and modelling approach
This section outlines the scenario and modelling approach that 
we adopted to construct our low energy demand (LED) scenar-
ios. The first section outlines how we created a scenario narra-
tive and devised coherent scenarios for transport and mobility. 
The second section describes the bottom-up transport energy 
demand modelling used for two low energy demand scenarios.

SCENARIO BUILDING
Our scenario approach is attempting to give insights into the 
possible scale of change in energy demand and greenhouse gas 
(GHG) emissions under certain circumstances. Considerable 
effort has been made to ensure that the scenarios are internally 
consistent. We have developed three scenarios, which include:

1.	 BAU – Business-As-Usual: Identifies levels of energy de-
mand for mobility up to 2050 based on current known and 
planned UK Government policy instruments. Notably, 
policy ambitions without actionable measures are excluded. 

2.	 HA – High Ambition: Assumes significant shift in the at-
tention given to transport and energy demand strategies 
providing an ambitious programme of interventions across 
the whole transport sector describing what could possibly 
be achieved with existing technologies and current social 
and political framings.

3.	 TC – Transformative Change: Considers transformative 
change in technologies, social practices, infrastructure and 
institutions to deliver both reductions in energy but also nu-
merous co-benefits such as health, improved local environ-
ments, improved work practices, reduced investment needs, 
and lower cumulative GHG emissions.

As strategies to avoid travel demand and car ownership, we 
consider ways to ‘lock-in’ recent demand changes, some of 
which started well before the Covid-19 pandemic, new regula-
tory frameworks to steer emergent transport innovations, the 
promotion of ‘car clubs’ (Wilson et al., 2018) and freight con-
solidation centres (Cherrett et al., 2012), and coordination of 
transport and planning objectives to reduce the need to travel 
people (e.g. tele-shopping) and goods (e.g. localisation of food 
shopping). For each of these measures we assessed the likely 
effects on trip rates for different journey purposes and trip 
lengths in the medium (2030) and longer (2050) term. 

National and international examples of sustained lower car 
dependent lifestyles indicate that this can be achieved at least in 
some localities. Such a prospect puts much greater emphasis on 
policies which influence and provide for more energy conserving 
lifestyles, including: emerging models of car ‘usership’, changing 
social norms around mobility, new spatial patterns of popula-
tion growth, the changing nature and location of work, educa-
tion, housing, healthcare and leisure, reconfiguration of travel by 
digital technology, and new ways of paying for road use or energy 
(electricity). This happens predominantly in urban areas. 
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Policies such as car clubs, smart ticketing, investment in rail 
and in digital technology have shown to reduce travel demand 
and car ownership in some groups, and the scenarios extend 
the behaviours to other groups of society. Having access to and 
using a shared vehicle has been shown to lead to reductions in 
personal car ownership and miles driven, as well as increased 
use of other modes of transport (Marsden et al., 2018; Ceccato 
and Diana, 2021). This reduction includes households giving 
up a car completely, but equally important is reducing from, 
say, two cars to one car. Support options in a LED world take 
the form of both carrots (e.g. supporting interoperable under-
pinning ICT infrastructure, ‘smart’ design of car scrappage, 
integrating shared travel into multi-modal journey-planning 
apps, providing dedicated car parking, charging and signage to 
car club vehicles) and sticks (e.g. parking charges and restric-
tions in residential areas and workplaces for privately owned 
vehicles). Access to subsidised or free public transport is at pre-
sent largely determined by age, and it is clear that behaviour 
patterns also show strong age effects but making best use of this 
may justify an overall review of age boundaries both for the 
young and old. Improving the experience for these sub-groups 
of living without a car should not only improve the chances of 
them opting to live without one (or with fewer per household 
than they might have done) for longer, but will simultaneously 
improve non-car travel for a wider set of people and places.

To avoid ‘induced travel’ from emerging innovations (Ful-
ton, 2018) such as mobility as a service (MaaS), autonomous 
and connected vehicles (ACV) and artificial intelligence (AI), 
we assume a ‘preventative’ regulatory framework designed to 
ensure these innovations result in a net increase in co-benefits 
such as social inclusion and transport and energy system flex-
ibility is in place. Specific interventions such as mandating the 
use of autonomous vehicles in shared contexts, public invest-
ment in car-clubs or MaaS in rural areas and designing car 
scrappage schemes to accelerate the uptake of mobility pack-
ages as opposed to new vehicles, are necessary and key parts of 
the LED scenario mix.

Enabling travel avoidance is chiefly a matter of coordination 
of planning and transport objectives in the housing type and 
location, density of development and location. It involves in-
novation at workplaces, as well as the timing and management 
of access to services (including schools and healthcare). Often 
considered longer term options, the recent demand changes 
due to Covid-19 have shown that travel avoidance can happen 
fast, further and more flexibly now. Finally, the LED scenarios 
assume a stop to new road building because travel demand falls 
– instead, existing roads are maintained and repurposed when 
it makes sense to do so, e.g. low traffic neighbourhoods and 
‘superblocks’ (Mueller et al., 2020). 

As strategies to shift travel to the most sustainable modes, 
we consider systematic support for the very lowest energy 
modes of transport and restraint for the highest energy modes. 
This is supported by a new approach to prices and taxes to re-
flect a fuller range of costs and benefits. 

Enabling and encouraging a shift from private motorised 
travel to more energy efficient modes requires systematic sup-
port for the very lowest energy methods of transport – walking, 
cycling (including e-bikes and e-scooters) and public transport, 
through investment programmes on both capital and revenue 
spending, priority use of road space, an expansion of ‘soft’ or 

‘smarter’ methods of encouraging behavioural change. The 
strategic goal is to design “a mobility system where it is more 
normal to take part in activities using the most sustainable 
modes more of the time” (Marsden et al., 2016). The new ap-
proach to transport pricing would ensure that the relative prices 
of different transport options reflect the full range of costs and 
benefits to the consumer, including health, energy, embedded 
emissions, congestion and other environmental impacts. Re-
structuring prices include direct subsidy to lock in sustainable 
travel choices by charging for use of scarce resources at a rising 
unit rate where more is used. Such pricing mechanisms would 
therefore expand the traditional notion of road user charging 
to reflect wider transport and energy system usage and will in-
corporate thinking on how to avoid increases in demand that 
may be stimulated by lower motoring costs of electric vehicles.

As strategies to improve the efficiencies of individual 
modes, we consider improving the efficiency of vehicles in use, 
particularly through increased occupancy (esp. for commut-
ing and business travel), restructuring targets for the uptake of 
zero emission vehicles to include ‘phasing out’ hybrid electric 
vehicles by 2030 (HA) and 2025 (TC), and regulation to man-
date the uptake of the most efficient and cleanest vehicles in 
their class.

While a comprehensive and sustained eco-driving pro-
gramme (as in the Netherlands) is part of the LED scenario 
mix, a focus on efficiency of vehicles in use is much more than 
that. It considers maximising assets in ways that substantially 
reduces single car occupancy and individual ownership. There 
is no detectable policy weight placed on the efficiency of vehi-
cles ‘in use’ even though increasing vehicle occupancy, poten-
tially through mobility sharing platforms, would ratchet down 
energy intensity of travel considerably. There are a number of 
potential types of initiative targeting both businesses and indi-
viduals, again falling into ‘carrot’ (mileage fee reimbursement 
rates and salary sacrifice incentives) and ‘stick’ (regulation of 
the use of own cars on business travel, parking restrictions and 
fees) as well as a review of company carbon accounting to in-
corporate commuting travel. Much of the evidence now sug-
gests that the trajectory for urgent CO2 savings to achieve ‘net 
zero’ requires phasing out all forms of conventionally fuelled 
internal combustion engine (ICE) and hybrid electric vehicle 
(HEV) cars and vans by 2030 (Brand et al., 2020; CCC, 2019). 
Furthermore, to counter the trend towards ownership and use 
of larger cars, the LED scenarios involve regulating to phase out 
the largest vehicles in advance of the above ‘phase-out’ target or 
restrict their use to genuinely appropriate circumstances. 

MODELLING LOW ENERGY DEMAND FUTURES
Low energy demand within the transport-energy system was 
modelled using an established modelling tool suitable for policy 
analysis, the Transport Energy and Air pollution Model for the 
UK (TEAM-UK) (Brand et al., 2019b). To date, the underlying 
transport-energy-environment system modelling framework 
has been applied in a number of prospective scenario (Anable 
et al., 2012; Brand et al., 2017; Brand et al., 2019a; Brand et al., 
2020) and policy (Brand et al., 2013) modelling studies.

The transport demand model simulates passenger travel de-
mand as a function of key travel indicators structured around 
data obtained from the UK National Travel Survey (DfT, 2016), 
including the average number of trips and average distance 
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travelled per person per year. These were further disaggregated 
by eight main trip purposes (commuting, business, long dis-
tance leisure, local leisure, school/education, shopping, person-
al business, other), eight trip lengths (Under 1 mile, 1–2 miles, 
2–5 miles, 5–10 miles, 10–25 miles, 25–50 miles, 50–100 miles, 
and More than 100  miles) and twelve modes of passenger 
transport (walk, bicycle, car/van driver, car/van passenger, mo-
torcycle, local bus, coach, rail and underground, other private, 
taxi, domestic air, other public). International air travel is mod-
elled separately as a function of income (GDP/capita), popula-
tion and supply and policy costs. Freight demand is simulated 
as a function of economic activity (GDP/capita), population 
and freight transport prices, with reference demand elasticities 
taken from a RAND Europe study (Dunkerley et al., 2014). For 
the LED scenarios, these elasticities were assumed to change 
dynamically to simulate structural changes in the economy and 
partial decoupling of freight demand from economic activity.

The vehicle fleet turnover model provides projections of 
how vehicle technologies evolve over time for 1,246  vehicle 
technology categories, including 283 car and 566 van2 tech-
nologies such as increasingly efficient gasoline internal com-
bustion vehicles (ICV), battery electric vehicles (BEV), plug-in 
hybrid electric vehicles (PHEV) and hydrogen (H2) fuel cell 
electric vehicles (FCEV). The car and van fleet models are the 
most detailed, including market (private vs. fleet/company, 
three car sizes/segments, six van types) and consumer seg-
mentation (four private and two fleet/company segments for 
cars, two segments for vans). The heavy goods vehicle (HGV) 
model is somewhat simpler and includes diesel ICV, diesel P/
HEV, BEV and hydrogen FCEV drivetrains – power-to-liquid 
(e-fuels) and overhead catenaries for BEV or PHEV only play a 
minor role given limited appetite in the UK market to develop 
and invest in these technologies (Ricardo, 2019). New vehicle 
choice is modelled using a hybrid discrete choice and consumer 
segmentation model, as described in Brand et al. (2017; Brand 
et al., 2019b). Vehicle scrappage probabilities3 were left un-
changed, so that the mean car age remained at about 7 years, 
and 6.5 years for vans (see Brand et al., 2019b for methods). 
Total car ownership is modelled based on established meth-
ods (Whelan, 2007; DfT, 2013) taking into account disposable 
household incomes, average vehicle costs, household location 
(urban, rural), public transport availability and car ownership 
saturation rates for multiple car ownership. 

To develop the LED scenarios we applied the socio-technical 
and policy factors mentioned earlier (see storylines) to each 
element of each journey purpose to calculate total changes in 
demand by each mode by 2030 and 2050. We also made a raft of 
additional assumptions and calculations about vehicle technol-
ogy supply and regulatory constraints, and factors underlying 
the scale and speed of fleet evolution. Key assumptions for both 
LED scenarios include:

•	 No more substantial new road building or airport capacity 
expansion; some roads repurposed for shared, public and 
active mobility. No more development on greenfield sites;

2. Vans = light commercial vehicles up to 3.5t gross vehicle weight, including panel 
& side vans, car derived vans, pickup & 4x4 vans, drop & tipper vans, box, Luton & 
insulated vans, and ‘other’ vans (campervans, etc.).

3. The UK car fleet age profile implied a 50 % scrappage probability applied for 
cars that were ~16 years old.

•	 Integrated transport authorities in all city regions, cov-
ering urban mobility (One network; One timetable; One 
ticket);

•	 Doubling investment in public transport, walking and cy-
cling with the construction of high-quality cycling networks 
of segregated cycleways in all urban areas;

•	 Single occupancy car use becoming socially unacceptable. 
Parking charges and infrastructure designed to prioritise ve-
hicle sharing (car club spaces, etc.). High taxation on more 
than one car per household;

•	 Eco-levy applied to the ‘whole’ system – the more you travel 
and the more polluting modes you use, the more you pay – 
includes air travel (frequent flier levy);

•	 Car fleet increases initially but is then gradually reduced 
(vis-à-vis an increase in the BAU case) as car ownership is 
becoming socially unacceptable, particularly amongst the 
16–25 year olds. Driving licence uptake is down with transi-
tion to ‘car usership’ (shared use, ride pooling);

•	 But taxi and shared fleets increase – all electric by 2030;

•	 Increase in van (light commercial vehicle) fleet due to more 
online shopping – electric only from 2030;

•	 Large and heavy ICE, PHEV and HEV cars gradually 
phased out by 2030 and a substantially expanded bus fleet 
will be largely electric. Big investment in and standardisa-
tion of charging infrastructure;

•	 HGV/trucks – renewed push for consolidation centres 
around big cities and towns – maximising use of brownfield 
sites to do so;

•	 Road freight – improved logistics, vertical integration e.g. 
Amazon – assumed a 20 % improvement in average load 
factors (from 0.5 to 0.6 by 2030) for long and medium dis-
tance freight;

•	 Relatively small shifts from road to rail freight, as rail capac-
ity is largely taken up by net passenger rail increases (lei-
sure up more than commuting and business down). UK rail 
freight remains inelastic. 

Additional measures and assumptions specific to the Transfor-
mative Change scenario include:

•	 The phase out of ICE, PHEV and HEV cars is brought for-
ward to 2025, so no cars are sold after 2025 that include an 
internal combustion engine;

•	 Less demand for domestic and international aviation driv-
en by an increased public awareness of the environmental 
damage, higher costs for frequent flying, and increased fuel 
costs through taxation. As a result, aviation demand in 2030 
is about 30 % lower than pre-pandemic levels;

•	 Introduction of a four-day working week (Haraldsson and 
Kellam, 2021), particularly in the service sector, due to a 
greater focus on quality of life (Gash et al., 2012), resulting 
in a 10 % reduction in commuting trips per person by 2030 
and further reductions by 2050;
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•	 Increased reduction in commuting due to working at home 
or teleworking where industrial restructuring allows greater 
flexibility;

•	 Greater reliance on video-conferencing in businesses im-
proving work-life balance;

•	 Even lower car ownership levels, particularly in urban ar-
eas, in line with the assumptions reducing the need to travel 
and a shift towards public transport, e-micro mobility and 
shared mobility.

A more detailed set of assumptions and the supporting evi-
dence are provided in Brand et al. (2021a).

Findings

THE UK CAN MORE THAN HALVE ENERGY DEMAND FOR MOBILITY 
RELATIVE TO CURRENT LEVELS
The higher uptake of lower and zero carbon vehicles combined 
with efficiency gains, mode shifts and significant alterations 
to work, leisure and shopping travel patterns resulted in fi-
nal energy demand being more than halved from this sector 
by 2050 compared to the ‘business-as-usual’ scenario (BAU) 
(Figure 1). The combined effects of ‘avoiding’ and ‘shifting’ de-
mand provided more than half of this reduction, particularly 
early on (Figure 2), with the other half coming from ‘improv-
ing’ demand through electrification, eco-driving, speed limits 
and improved vehicle occupancy rates and freight load factors. 
In a lower energy demand world we would see early gains be-
ing made in the 2020s so that energy demand were 27 % (high 
ambition) and 43 % (transformative) lower than BAU already 
by 2030. Demand for conventional fossil fuels (gasoline, diesel) 
was up to 50 % lower by 2030, and up to 80 % lower by 2050, 
while demand for electricity grew steeply, rising from its 2015 
base of just 15 PJ (1 % of total, largely for rail) to around 50 % of 

energy demand (242 PJ in ‘high ambition’) by 2050 in the low 
energy demand scenarios. 

LOWERING TRANSPORT ENERGY DEMAND MAKES INCREASED CLIMATE 
AMBITION POSSIBLE
The low energy demand scenarios resulted in deep cuts in di-
rect (i.e., tailpipe, at source) carbon emissions from transport 
– with earlier gains in the 2020s when compared to a scenario 
focussed only on efficiency and electrification. Direct CO2 
emissions were up to 54 % (2030, transformative) and 80 % 
(2050, transformative) lower than in 2020 (Figure 3). This was 
largely due to reductions from direct (tailpipe) emissions from 
cars, which were offset by modest increases in bus, rail, shared 
mobility and motorcycle emissions due to significant mode 
shift away from private car use. Lower energy demand thus 
makes the achievement of mid-term carbon budgets and longer 
term ‘net zero’ targets easier, with fewer changes required to the 
transport or energy system.

The TEAM framework allowed us to further assess lifecycle 
CO2-eq emissions, which include the above direct emissions as 
well as indirect emissions from power generation and fuel pro-
duction, as well as vehicle manufacture, maintenance and dis-
posal (for methods and data, see Brand et al., 2019b). By 2030, 
lifecycle carbon emissions from domestic transport were 35 % 
(HA) and 48 % (TC) lower than in 2020 – a marked change 
to the BAU case (11 % lower in 2030 than in 2020). By 2050, 
lifecycle emissions were 69 % (HA) and 72 % (TC) lower than 
in 2020 – again a marked improvement to a 25 % reduction in 
the BAU case. 

Finally, when looking at cumulative emissions of the period 
between 2020 and 2050, the low energy demand scenarios had 
34 % (HA) and 43 % (TC) lower emissions totals than the BAU 
case. In a transformative world, cumulative emissions from do-
mestic transport were 2.4 GtCO2-eq compared to 4.3 Gt in the 
BAU case. This large reduction was due to the earlier gains from 

 
Figure 1. Energy use by mode and fuel – transport by road and rail.
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changes in travel patterns in the 2020s as well as the implicit 
lower indirect emissions from fuel and vehicle production and 
disposal of a smaller vehicle fleet. 

TRAVEL DEMAND SHIFTS IN A LOW ENERGY DEMAND FUTURE

‘Avoid + Shift’: the changing surface passenger travel patterns
The low energy demand scenarios gave large reductions in dis-
tance travelled by car as a driver and a passenger of up to 55 % 
when compared to the current levels (Figure 4). This was on the 
back of only small changes to total distance travelled per per-
son, from about 6,600 miles a year in 2017 to about 6,300 (high 
ambition) and 5,800 (transformative) miles per person per year 
in 2050. 

At the same time, ride sharing (e.g. Uber, Lyft), car clubs 
and more shared use of the existing fleet resulted in occupancy 

rates to increase from current level of about 1.6 people per car 
to 1.9  (high ambition) and 2.1  (transformative), which was 
largely due to increases in occupancy for leisure, commuting 
and school travel (with changes to business travel somewhat 
limited). People in a LED UK become progressively more ‘mul-
ti-modal’ and less car dependent, particularly in urban areas 
(Figure 5). The reduction in car travel comes about because of 
significant mode shifts, particularly to urban bus travel and re-
gional, suburban rail towards the latter part of the period. Mode 
shift is combined with destination shifting as trips are either 
totally abstracted from the system through virtual or shorter 
travel because of localisation and working in local hubs (and 
pubs, occasionally) rather than central HQs. By 2030, the car is 
still used for the majority of distance travelled either as a driver 
or passenger, but this drops to 49 % (high ambition) and 40 % 
(transformative) of distance travelled per capita by 2050. Using 
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Figure 2. Contributions of Avoid+Shift (A+S) and Improve (I) components to transport energy reduction (road and rail only). Left panel: High 
Ambition scenario, Right panel: Transformative Change scenario.

Figure 3. Direct CO2 emissions (domestic transport, excluding international aviation/shipping).
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a car club vehicle becomes much more prevalent, from a small 
base to almost 13 % of miles travelled by 2050. At the same 
time, ‘active travel’ (walking, cycling and e-biking) increases 
from a low base of less than 2 % to more than 11 % of distance 
travelled, mainly replacing urban car trips of under 8 km in 
length, while also increasingly substituting longer suburban 
and even rural car trips by e-bike. While this surpasses levels 
seen today in countries with similar weather and topography 
and regarded as demonstrating best practice in this area – e.g. 
the Netherlands, Denmark, and some cities in Germany – it is 
well within the realms of plausibility (Brand et al., 2021b; Brand 
et al., 2021c) and most people’s capability (Philips et al., 2022). 
Implicit in the assumptions made here is the fact that private 
cars are increasingly banned or priced out of urban areas.

Air travel
Growth in domestic flights saturated and then declined due to 
growing unacceptability of flying short distances and increased 
prices leading to increasing use of high speed rail (assuming 
HS2 will be operational by the 2030s), a rejuvenated interur-
ban rail network and express coaches. Domestic air-miles in 
the low energy demand scenarios were thus up to 22 % and 
39 % lower in 2030 and 2050 respectively than in 2020. Tak-
ing into account expected longer term effects of the Covid-19 
pandemic on business and leisure air travel, higher prices (e.g., 

frequent flier levy) and social ‘unacceptability’ of flying longer 
distances, air-miles in the low energy demand futures are up to 
27 % (high ambition) and 46 % (transformative) lower in 2050 
than in the BAU case.

Freight transport
Fuelled by the move towards a service economy and more 
teleshopping in a low energy demand future, van ownership 
and use continue to increase as they did in the decade prior 
to 2020. Van-km decreased somewhat due to improvements in 
van technology and urban delivery logistics. Town/city centres 
increasingly ban heavy goods vehicles but allow electric e-cargo 
bikes and vans, and local traffic regulations will give priority 
to professional home delivery, centralised parcel lockers close 
to the homes, and consolidated urban distribution with clean 
vehicles. As a result, the overall distance travelled by vans still 
increased, but ‘only’ by 23 % in 2050 over 2020 levels – which 
is less than the 69 % increase depicted in the BAU case. Heavy 
goods vehicles are still set to grow due to economic and popu-
lation growth. However, mainly as a result of increased load 
factors through business-led vehicle utilization measures and 
consolidation centres, overall distance travelled by these ve-
hicles will be lower than BAU and about the same in 2050 as 
the 2020 levels in the transformative case. Rail and waterborne 
freight play a bigger role, mainly due to mode shift from roads.

Figure 4. Change in average per capita car miles + average car occupancy. Left panel: high ambition, right: transformative.
 

 
Figure 5. Change in trip mode shares (by trip distance) across all trip purposes.
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structural changes in society might have on the volume and 
composition of travel activity. This incorporated non-price de-
terminants of behaviour (values, norms, fashion; trust; knowl-
edge) and non-consumptive factors (time use; mobility; social 
networking; policy acceptance).

We found that reductions in mobility energy demand of 
61 % by 2050 compared with baseline levels are possible with-
out compromising on citizens’ needs to access jobs and ser-
vices and wider quality of life. This translates to total lifecycle 
carbon emissions reductions of up to 72 % by 2050 compared 
to 2020 levels. About half of the reduction comes from mode 
shifting and avoiding travel and moving goods, with the other 
half from vehicle energy efficiency and electrification as well 
as downsizing of the vehicle fleets. These findings show that 
energy demand reduction in the transport sector can make it 
easier to meet sectoral carbon budgets and avoid more drastic 
car use restrictions further down the line. This trade-off weas 
supported by members of the recent Climate Assemblies in the 
UK, where members chose to have the types of cars they could 
drive restricted to secure only a modest limit on future car use 
for everyone (Anable, 2020).

The importance of mobility energy demand for the global en-
ergy system is clear. The higher the energy demand for mobility, 
the larger the size of the transport energy system and the slower 
the transition to carbon-free energy production. Our find-
ings imply that meeting carbon budgets in 2030 and net-zero 
by 2050 without substantial reductions in energy demand for 
mobility is difficult, more expensive and probably undesirable. 
Without reducing energy demand for mobility GHG emission 
reductions in the sector would need to be delivered through to-
tal decarbonisation of a much larger energy supply system and 
larger vehicle fleets. Given the evidence presented in this paper, 
it is imperative that the UK Government outline a more detailed 
strategy and, crucially, supporting policies to enable transport 
energy demand reduction to fulfil its necessary role in achiev-
ing rapid emissions reductions. It may also be too risky to leave 
the challenge to decarbonise the difficult to decarbonise sectors 
such as long distance freight and aviation to technological solu-
tions that are not proven at scale or still in development, such as 
power to liquid (e-fuels) and sustainable aviation fuels. 

A SMALLER AND CLEANER VEHICLE FLEET 
In a low energy demand world, the car fleet will plateau in the 
2020s and gradually, albeit slowly, reduce in size from the cur-
rent 31 million to about 23 to 25 million in 2050, mainly due to 
a decrease in driving licence uptake, limits on multi-car own-
ership and a transition to ‘car usership’ (car clubs etc). This is 
substantially lower than the BAU case, which could see up to 43 
million cars on the road by 2050 (Frost et al., 2021). 

Private, fleet and commercial buyers increasingly prefer BEV 
over conventional ICV, fuelled by a co-evolving BEV market 
with increasing availability and performance of zero emission 
vehicles, faster charging times, investment in home, destination 
and fast recharging infrastructure, and supporting low carbon 
pricing policy for zero emission vehicles. Gasoline and diesel 
ICE (and HEV) vehicles are increasingly ‘priced out’ of the 
market as cities start banning conventional vehicles from urban 
areas. EVs will be widely available in all vehicle segments and 
by all major brands by 2030. Consumers increasingly accept 
EVs as the preferred choice over conventional ICV. Large cars 
such as SUVs will be banned from sale by the mid 2020s. Nev-
ertheless, ICV and HEV continue to be the focus in the short 
term before BEV and PHEV reach a 50 % market share in the 
mid to late 2020s, driven by the company/fleet and early adop-
ter markets (Figure 6). Take-up by the mass market and so-
called ‘user-choosers’ (Brand et al., 2017) from the late 2020s 
mean that BEV take over as the dominant choice of vehicle in 
this decade, well before the phase out dates of 2030 (ICVs) and 
2035 (PHEVs) announced by the UK government (DfT, 2021). 
Total new car sales decrease over time (Figure 6).

Discussion and conclusions
This paper set out to explore the contribution energy demand 
reduction in the transport sector could make to climate miti-
gation efforts. We used a bottom-up modelling framework 
that comprehensively estimated the potential for mobility-
related energy demand reduction at a country level. By using 
a structured ‘storyline’ approach and breaking down current 
travel choices into their constituent journey purposes, lengths 
and modes, we reflected the potential impact that long term 

 

0

0.5

1

1.5

2

2.5

3

20
20

20
25

20
30

20
50

20
20

20
25

20
30

20
50

20
20

20
25

20
30

20
50

BAU High ambition Transformative

ne
w

 ca
r s

al
es

M
ill

io
ns

Electricity BEV

Diesel - PHEV

Diesel - HEV

Diesel - ICV

Gasoline - PHEV

Gasoline - HEV

Gasoline - ICV

Figure 6. New car sales by primary fuel and propulsion technology.



6-307-22 BRAND ET AL

842  ECEEE 2022 SUMMER STUDY

6. ENERGY-EFFICIENT AND LOW-CARBON MOBILITY FOR ALL

Brand, C., Anable, J., & Marsden, G. (2021a) ‘The role of 
energy demand reduction in achieving net-zero in 
the UK: Transport and mobility: Evidence and as-
sumptions, accessed at https://low-energy.creds.ac.uk/
mobility/#evidence’. Oxford: Centre for Research into 
Energy Demand Solutions (CREDS).

Brand, C., Anable, J., & Morton, C. (2019a). Lifestyle, efficien-
cy and limits: modelling transport energy and emissions 
using a socio-technical approach. Energy Efficiency, 12(1), 
187–207. doi:10.1007/s12053-018-9678-9.

Brand, C., Anable, J., Philips, I., & Morton, C. (2019b) ‘Trans-
port Energy Air pollution Model (TEAM): Methodol-
ogy Guide, Working Paper UKERC/DM/2019/WP/01, 
accessed at http://www.ukerc.ac.uk/publications/team-
energy-for-mobility.html on 16/07/2019’. 10 May 2019. 
London: UK Energy Research Centre, p. 120.

Brand, C., Anable, J., & Tran, M. (2013). Accelerating the 
transformation to a low carbon passenger transport 
system: The role of car purchase taxes, feebates, road 
taxes and scrappage incentives in the UK. Transporta-
tion Research Part A: Policy and Practice, 49(0), 132–148. 
doi:http://dx.doi.org/10.1016/j.tra.2013.01.010

Brand, C., Cluzel, C., & Anable, J. (2017). Modeling the uptake 
of plug-in vehicles in a heterogeneous car market using 
a consumer segmentation approach. Transportation Re-
search Part A: Policy and Practice, 97, 121-136. doi:http://
dx.doi.org/10.1016/j.tra.2017.01.017

Brand, C., Dons, E., Anaya-Boig, E., Avila-Palencia, I., Clark, 
A., de Nazelle, A., et al. (2021b). The climate change miti-
gation effects of daily active travel in cities. Transportation 
Research Part D: Transport and Environment, 93, 102764. 
doi:https://doi.org/10.1016/j.trd.2021.102764.

Brand, C., Götschi, T., Dons, E., Gerike, R., Anaya-Boig, E., 
Avila-Palencia, I., et al. (2021c). The climate change miti-
gation impacts of active travel: Evidence from a longitudi-
nal panel study in seven European cities. Global Environ-
mental Change, 67, 102224. doi:https://doi.org/10.1016/j.
gloenvcha.2021.102224

CCC. (2018). Reducing UK emissions – 2018 Progress Report 
to Parliament. London: Committee on Climate Change. 

CCC (2019) ‘Net Zero – The UK’s contribution to stopping 
global warming, last accessed at https://www.theccc.org.
uk/publication/net-zero-the-uks-contribution-to-stop-
ping-global-warming/ on 20/05/2019’. London: Commit-
tee on Climate Change.

Ceccato, R., & Diana, M. (2021). Substitution and comple-
mentarity patterns between traditional transport means 
and car sharing: a person and trip level analysis. Transpor-
tation, 48(4), 1523–1540. doi:10.1007/s11116-018-9901-8.

Cherrett, T., Allen, J., McLeod, F., Maynard, S., Hickford, A., & 
Browne, M. (2012). Understanding urban freight activity 
– key issues for freight planning. Journal of Transport 
Geography, 24, 2232. doi:http://dx.doi.org/10.1016/j.
jtrangeo.2012.05.008.

Cohen, S. A., Higham, J. E. S., & Reis, A. C. (2013). Sociolog-
ical barriers to developing sustainable discretionary air 
travel behaviour (Article). Journal of Sustainable Tourism, 
21(7), 982-998. doi:10.1080/09669582.2013.809092.

DfT (2013) ‘Road Transport Forecasts 2013, Results from the 
Department for Transport’s National Transport Model’. 

The limited government focus on energy demand has mostly 
been on improving technology efficiency with little attention to 
the other mechanisms that involve reducing the need for mo-
bility. Reducing energy demand to the extent, and at the speed, 
that is needed requires both an acceleration in energy efficiency 
improvement and shifts to travel patterns to avoid the con-
sumption of energy services. None of our low energy demand 
scenarios compromises on our quality of life. Instead, they seek 
to enhance it with numerous co-benefits associated with ac-
tive living, clean air, safe communities, rebalancing work and 
driving down inequality. All this is possible while more than 
halving the UK’s transport energy demand.

The big note of caution is that we seem some way off imagin-
ing and delivering the kinds of futures we arrived at. And the 
door to those futures is not open for ever. If we electrify rapidly 
and address our demand for energy slowly then lower energy 
futures will be boxed off as people become locked in to low cost 
e-mobility. So, the question is whether we are focussed on gen-
erating healthier, fairer and fulfilling mobility futures or wheth-
er what we are really interested in generating in our mobility 
futures is more electricity and a bigger, more vulnerable and 
more expensive set of turbines, wires and plugs to go with it?
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